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ABSTRACT:

PROBLEM TO BE SOLVED: To provide a load interruption detecting device for
photovoltaic power generator in which voltage rise can be minimized even if a load
interruption occurs.

SOLUTION: A load interruption detecting system in a photovoltaic power generator
performing linkage operation with a power system comprises means for detecting the
instantaneous output voltage from the photovoltaic power generator, and means for
detecting deviation of a current of the photovoltaic power generator from a command value,
wherein occurrence of load interruption of the photovoltaic power generator is determined
when the instantaneous value of the output voltage exceeds a predetermined value and/or the
deviation of the electric current from the command for exceeds a predetermined value, and
when a state of load interruption takes place, an inverter is suspended by a gate blocking
means.

COPYRIGHT: (C)2003,JPO
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JP,2003-134661,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]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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JP,2003-134661,A [DETAILED DESCRIPTION] Page 1 of 6

*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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JP,2003-134661,A [DETAILED DESCRIPTION] Page 2 of 6

[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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JP,2003-134661,A [DETAILED DESCRIPTION] Page 3 of 6

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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JP,2003-134661,A [DETAILED DESCRIPTION] Page 4 of 6

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

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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12/628,977 HADAR ET AL.
Office Action Summary Examiner ArtUnit

MATTHEW T. MARTIN 1795

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)] Responsive to communication(s) fledon _____
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X] Claim(s) 1-20 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) _____is/are allowed.
6)X] Claim(s) 1-20 is/are rejected.
7)[] Claim(s) _____is/are objected to.
8)] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)_] The drawing(s) filed on is/are: a)[_] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)LJAIl  b)[]Some * c)[] None of:
1.0 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) x Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _
3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date 5/10/2010, 12/23/2009. 6) |:| Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-08 Office Action Summary Part of Paper No./Mail Date 20100602
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DETAILED ACTION
Status of Claims
1. Claims 1-20 are pending and are examined below.
Claim Rejections - 35 USC § 103
2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

3. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459
(1966), that are applied for establishing a background for determining obviousness under 35

U.S.C. 103(a) are summarized as follows:

1. Determining the scope and contents of the prior art.
2. Ascertaining the differences between the prior art and the claims at issue.
3. Resolving the level of ordinary skill in the pertinent art.
4. Considering objective evidence present in the application indicating obviousness
or nonobviousness.
4. This application currently names joint inventors. In considering patentability of the

claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various
claims was commonly owned at the time any inventions covered therein were made absent any
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out
the inventor and invention dates of each claim that was not commonly owned at the time a later
invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(¢c)

and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a).
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5. Claims 1-10 and 13-18 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Dorn et al., U.S. Publication No. 2008/0142071 in view of Wiles, “Photovoltaic Power Systems
and the National Electrical Code: Suggested Practices” Sandia, 1999.

Regarding Claim 1, Dorn et al. teaches a photovoltaic system. The system taught by
Dorn includes a solar module (see paragraph 21), a controller (see paragraph 21) that may
reconfigure the configuration of the module, and a power bus connecting the system.

Dorn et al. further teaches that the device taught may be automatically be reconfigured
through a switching system, which may be any switching device, and may be switched
automatically by a controller (see paragraph 22). This system is interpreted understood by the
examiner as a watchdog system. As, when configured automatically, the switching device will
disconnect the plurality for cells for, among other things, safety reasons (see paragraph 17).

Although Dorn et al. does mention potential configurations for its switching system, such
as diverting power, charging a battery, and disconnecting individual cells, Dorn et al. is silent on
the exact configuration of the switching device/controller watchdog unit.

Wiles teaches that a photovoltaic power system must have a disconnect system. The
Wiles circuit includes multiple power switching circuits, each controlling a load. The power
switching circuits taught by Wiles monitor communication from a central controller and are
required to disconnect the PV array under certain operating conditions.

Therefore, it would be obvious to one of ordinary skill in the art to modify the
photovoltaic system taught by Dorn et al. by including a disconnect system, as taught by Wiles to
be industry standard, because the PV system must respond to voltage interrupts for safety

purposes (see Dorn et al. at paragraph 17 and Wiles at page 34).
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Regarding Claim 2, Dorn et al. teaches a switchable connection (see paragraph 22).
Furthermore, Dorn et al. teaches that this connection may be used to disconnect the solar module
or parts thereof from the power bus (see paragraphs 17 and 22).

Regarding Claim 3, Dorn et al. teaches that the switchable connection is configured by a
controller (see paragraph 22).

Regarding Claim 4, Wiles et al. teaches that PV output circuits, which can be considered
a feed line, are directly connected to the power controller (see page 29, branch circuits section).

Regarding Claim 5, Dorn et al. teaches that the device may include a bypass circuit (see
paragraph 24).

Regarding Claims 6 and 18, Wiles teaches incorporating a backup generator into a
photovoltaic power system (see fig. 18). Additionally, Wiles teaches that the backup generator is
connected to the charge controller, and therefore would provide power to the controller (see fig.
18).

Regarding Claim 7, Wiles teaches that the disconnect needs to be effective when the
system is subject to too much voltage (i.e. the threshold of irregularity has been surpassed; see
page 35 at “Equipment Disconnects” section). It is the examiner’s interpretation that the
threshold of irregularity refers to the conventionally known "interrupt rating", the maximum
amount of current a protective device can cut off safely.

Regarding Claim 8, Dorn et al. and Wiles et al. teach that the communication is
dependant on the signal of a central controller, because the signal can be interpreted as any

electrical communication.
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Regarding Claim 9, Wiles teaches that a junction box is often used in photovoltaic power
systems because the junction box provides for weatherproofing of circuit components.

Regarding Claim 10, Dorn et al. teaches that the PV module is disconnected from the bus
when the automatic switching system (watchdog unit) receives a signal from the controller.

Regarding Claim 13, Dorn and Wiles teach disconnecting the photovoltaic device in
response to controller commands.

Regarding Claim 16, Dorn disconnects the solar module in response to controller signals.
It is the examiner's position that the shutdown of the solar module corresponds to disconnecting
the module.

6. Claims 12, 19 and 20 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Dorn et al. in view of Wiles ¢t al., and further in view of Takahara ct al., U.S. Patent No.
6,101,073.

Regarding Claim 12, modified Dorn et al. teaches a solar power generation system as
discussed above. Modified Dorn et al. does not teach that a challenge/response system is used.

Takahara et al. teaches a protection system for a solar power generation.

In one of the methods taught by Takahara, an output process (challenge) is sent to a
controller to detect a ground fault (see claim 21). The controller is then sent another signal
(response) based on the detection (see claim 21).

Therefore, it would be obvious to one of ordinary skill in the art to modify the control
connection and disconnection steps in the method taught by Dorn et al. with the steps of
Takahara because the Takahara system maintains safety in the system (see Dorn et al and

paragraph 17).
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Regarding Claim 19, modified Dorn et al. teaches a solar power system as discussed
above. Furthermore, Dorn et al. teaches that a computer may be used to reconfigure (i.e. connect
and disconnect) the photovoltaic cells based on information (signal) provided by a detection
circuit (see paragraph 21).

Modified Dorn et al. does not teach the specific method steps used to monitor the system.

Takahara teaches a protection system for a solar power generation.

Takahara teaches using a control unit (computing device) to monitor signal from a solar
cell. If a ground fault is detected in the system, which can occur when either no signal is sent of
to the control unit, the system is disconnected (see column, line). Furthermore, it can be
interpreted that the occurrence of a ground fault can constitute the loss of signal.

Therefore, it would be obvious to one of ordinary skill in the art to modify the control
connection and disconnection steps in the method taught by Dorn et al. with the steps of
Takahara because the Takahara system maintains safety in the system (see Dorn et al and
paragraph 17).

Regarding Claim 5, Dorn et al. teaches that the device may include a bypass circuit (see
paragraph 24).

7. Claim 11 is rejected under 35 U.S.C. 103(a) as being unpatentable over Dorn et al. in
view of Wiles et al., as applied to Claims 1-10 and 13-18 above, and further in view of Choe,
U.S. Publication No. 2005/0051209.

Regarding Claim 11, modified Dorn et al. teaches a photovoltaic power system as

discussed above.

Modified Dorn et al. does not teach a controller in wireless communication.
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Choe et al. teaches a power regulation system for a solar cell using a controller in
wireless communication (see abstract).

Therefore, it would be obvious to one of ordinary skill in the art to modify the controller
taught by Dorn et al. by including the wireless controller taught by Choe because the wireless
controller allows for remote data detection in the system (see abstract).

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MATTHEW T. MARTIN whose telephone number is (571)270-
7871. The examiner can normally be reached on 8:30 to 5:00 EST Monday through Friday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Jennifer Michener can be reached on (571)272-1424. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Jennifer K. Michener/
Supervisory Patent Examiner, Art Unit 1795
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/MATTHEW T MARTIN/
Examiner, Art Unit 1795
2 June 2010
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OM, PG, PH, PL., PT, RO, RU, SC, SD, SE, SG, SK, ST,
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.

Designated Stales (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
EBurvpean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR,IIU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: A DEVICE FOR DISTRIBUTED MAXIMUM POWER TRACKING FOR SOLLAR ARRAYS

(57) Abstract: The present invention is a system

F_ —— 2 for providing power from solar cells whereby
1 1 each cell or cell array is allowed to produce its
+ I n]:m I maximum available power and converted by an
| =1 ! Lz operatively connected DC/DC converter. Each
Solar Gaveratox | H | ® cell or cell array has itls own DC/DC converler.
20 k iaw 5 [ In one form the system for providing power from
[ 1 ] I [] LOALD solar cells includes one or more solar generators
LT T T T T T T 2 26 wherein each of said solar generators has one
to nine solar cells; a maximum power tracker
+ ;im operatively associated with each solar generator,
L k4 each of said maximum power tracker includes
Solar Geverater a buck type DC/DC converter without an output
jm inductor, each of said maximum power trackers
= B are operatively connected in series with each
" % other; an inductor operatively connected to the
o series connected maximum power trackers; and
|+ r means for providing electrical power from the
LI | ¥ inductor to load means, wherein cach of said
Falar Gunaratox maximum power trackers is controlled so that the
N5 B operatively associated solar generator operates
i 3 J H at its maximum power point to extract maximum
H ' available power.
" E X
l+ =
Lo ] ¥
Solar Gemerator
51 S
— )
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A DEVICE FOR DISTRIBUTED MAXIMUM POWER TRACKING FOR SOLAR

ARRAYS

FIELD OF INVENTION

The present invention relates to solar cell technology and in particular to
maximum power tracking converters. The present invention has particular but not
exclusive application for use in vehicles that are at least in part electrically powered
by solar cells. Reference lo solar powered vehicles is by means of example only

and the present invention has application in other areas.

BACKGROUND OF THE INVENTION

A solar cell is a device able to convert incident light to electrical power. Many
solar cells are typically grouped to form an array of solar cells. To coliect the
electrical power from the solar cells, groups of cells are either directly connected in
series or in parallel. Where the cells are connected in series, they must have
identical currents but if the cells are connected in parallel they must operate with
identical voltages. An individual cell will produce maximum power at a unique cell
voltage and current which will vary from cell to cell. The combination of voltage and
current that allows a cell to produce its maximum power is termed the maximum
power point. The maximum power point varies with cell illumination and
temperature. Connection of the cells in series forces cells to have identical current
while connection in parallel forces cells to have identical voltage. Direct connection
in series or parallel results in failure to collect all the available electrical power from
the solar cells in the array and at least some of the cells will operate at a condition

other than at their maximum power points.
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To obtain the maximum available power from a group of solar cells connected
in an array or sub-array, a maximum power tracking device is used. Maximum
power tracking devices are DC to DC power converters that allow an array or sub-
array to operate at their maximum power point. A DC to DC converter can transform
a power input at a certain voltage and current to be transformed to a DC power
output at a differing voltage and current. A key feature of all maximum power
trackers is a control device that determines the point of maximum power for the
connecied solar celis and acts to adjust the DC to DG converter performance to
adjust the cell voltage or current to extract the maximum available power.

However there are a number of problems or disadvantages associated with
the use of a single maximum power device to control the voltage or current of an
array or sub-array of solar cells.

Where solar cells are used to power vehicles, the vehicles are usually
aerodynamically designed with curved surfaces and also have limited surface area in
which to mount the solar cells. Consequently arrays of cells are mounted on the
curved surfaces but the variation of the angle of incidence of light on the different
cells within the array on the curved surface causes variation in the available optical
power. Furthermore, cells in an array may be subjected to variable light levels due
to shadowing by foreign objects such as trees and buildings between the cell and the
source of illumination.

Because of differences in optical illumination, cell temperatures may vary
within arrays causing some cells to be hotter than other cells. Arrays may be cooled
partially by air flow or by the use of a cooling fluid in an illumination concentrator

system. These mechanisms however may not provide uniform cooling to all cells.
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The available power from each cell within an array will vary due to the
variations in illumination and temperature. In these cases, the maximum power
conditions of different cells within the array will differ at any one point of time.
Furthermore the maximum power conditions of some cells within the array will vary
differently over time compared with others. As well these variations are not
predictable. In addition changes to the maximum power conditions of cells can vary
rapidly thereby requiring a relatively quick response time.

Currently maximum power tracking devices are directly electrically connected
to an array of solar cells. A single maximum power tracking device is currently used

to control the available power from an array of between ten to several hundred cells.

OBJECT OF THE INVENTION

It is an object of the present invention to provide an alternate maximum power
tracking device that overcomes at least in part one or more of the above mentioned

problems or disadvantages.

SUMMARY OF THE INVENTION

The present invention arises from the realization that each cell at any one
particular time point will have a unique maximum power point defined by a specific
cell voltage and specific current at which the cell will produce its maximum available
power. Furthermore the invention was developed from the realization that it is not
possible for every cell in an array to operate at its maximum power point if the array
is formed by the direct electrical interconnection of cells. With this in mind and taking

advantage of recent advances in low voltage electronics, maximum power tracking
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devices for very small groups of directly connected cells or for single solar cells were
developed to provide a solution to optimizing the electrical power from the array.

In one aspect the present invention broadly resides in a system for providing
power from solar cells including

one or more solar generators wherein each of said solar generators has one
to nine solar cells;

a maximum power tracker operatively associated with each solar generator,
each of said maximum power tracker includes a buck type DC/DC converter without
an output inductor, each of said maximum power trackers are operatively connected
in series with each other,

an inductor operatively cohnected to the series connected maximum power
trackers; and

means for providing electrical power from the inductor to load means, wherein
each of said maximum power trackers is controlled so that the operatively associated
solar generator operates at its maximum power point to extract maximum available
power.

The maximum power iracker preferably includes an energy storage capacitor:
and a control means for adjusting the buck type DC/DC converter duty cycle so that
a connecied solar generator operates at its maximum power point.

Preferably the control means makes observations of solar generator voltage,
and observations of the change in energy storage capacitor voltage during the buck
converter switch off ime and observations of the duration of the buck converter
switch off time to infer solar generator power to adjust the buck converter duty cycle

to extract maximum power from the connected solar generator.
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In one preferred embodiment, the switching operations of the DC/DC
converter are synchronized in frequency by the use of a synchronizing signal.
Preferably each solar generator includes one solar cell. Preferably each solar
generator includes one solar cell and each solar cell is connected to its own
dedicated maximum power tracker so that the tracker responds o its connected
solar cell.
Preferably the system uses a single inductor.

Load means includes devices that use or store the electrical power.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the present invention can be more readily understood and put
into practical effect, reference will how be made 10 the accompanying drawings
wherein:

Figure 1 is a diagrammatic view of a simplified Buck type DC/DC converter
with solar generator and load;

Figure 2 is a diagrammatic view of an alternative embodiment of a simplified
Buck type DC/DC converter with solar generator and load;

Figure 3 is a diagrammatic view of a solar generator with a Buck type DC/DC
converter without an inductor;

Figure 4 is a diagrammatic view of an alternative embodiment of a solar
generator with a Buck type DC/DC converter without an inductor;

Figure 5 is a diagrammatic view of the interconnection of a plurality of Buck
type DG/DC converters without inductors, corresponding plurality of solar generators,

one inductor and a load; and
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Figure 6 is a diagrammatic view of a preferred embodiment of the single cell
MPPT converier;

Figure 7 is a graphical representation of the contral signals and gate signals
for MOSFETS;

Figure 8 is a graphical representation of a no load 2kHz waveforms, top
MOSFET gate waveform; top MOSFET gate drive referred to ground, bottom
MOSFET gate waveform to ground, output terminal to ground (from top to bottom);

Figure 9 is a graphical representation of an unioaded 20kHz waveforms,
Traces top to bottom, output terminal, bottom MOSFET gate, top MOSFET gate, all
referred to ground;

Figure 10 is a graphical representation of a loaded 20kHz waveforms, traces
top to bottom, output terminal, bottom MOSFET gate, top MOSFET gate, all referred
to ground;

Figure 11 is a graphical representation of input voltage, current and power at
10kHz (from top to bottom);

Figure 12 is a graphical representation of output current, voltage and power at
10kHz (from top to bottom);

Figure 13 is a table of equipment for efficiency measurement; and

Figure 14 is a table of converter efficiency at different frequencies.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

With reference to Figure 1 there is shown a simplified buck type DC/DC
converter 10 connected to a solar generator 11 and load 12. The solar generator 11
can be a solar cell or several cells. The buck type DC/DC converter 10 includes a

capacitor 13 which serves as an energy storage element, a controlled switching
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device 14, a diode or a controlled device acting as a synchronous recifier 15 and an
output inductor 16. An alternative arrangement for the buck type DC/BC converter
10 is shown in Figure 2.

A buck type DC/DC converter can be controlled to operate the solar generator
at its maximum power point while producing an adjustable level of output current.
The solar generator and maximum power tracker will be referred to as a solar
generator /MPPT. Many solar generators/MPPT can be series connected. Each
DC/DC converter will then have an identical output current but they can be
individually controlied to allow each solar generator to operate at their maximum
power point.

A conventional buck converter uses an output inductor to provide energy
storage that is necessary for current filtering. An important feature of this invention is
that the many inductors would normally be required, one for each solar
generator/MPPT, and this can be replaced by a single inductor which will perform the
energy storage and filtering function for many series connected solar
generator/MPPT. The MPPT device can be produced as an inductor free device.

Figure 3 shows an inductorless DC/DC buck converter with a solar generator
while Figure 4 shows an alternate embodiment.

Many solar generators/MPPT devices that utilize inductor free DC/DC buck
converters can be series connecied with a single inductor to suppl‘y power to an
electrical load. The series connection of the solar generators/MPPT devices forces
each inductorless DG/DC buck converter to supply an identical output current. Each
converter operates with a constant current load.

The controlled switching device operates aliernates between an open and

closed state. The average portion of time that the switch is closed is the switch duty
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cycle. Closure of the conirolled swiiching device causes the load current o be
supplied from the solar generator and the energy storage capacitor. When the
controlled switch is open, the load current transfers to the diode or synchronous
reciifier device while the solar generator current replenishes the charge within
energy storage capacitor.

The duty cycle of the controlled switching device will determine the average
current withdrawn from the energy storage capacitor. The energy storage capacitor
will adjust its voltage in response to the difference in the current supplied by the solar
generator and the current withdrawn to by the controlled switch. The swiiching
device will be controlled by a device that adjusts the controlled switch duty cycle to
maintain the solar generator voltage at the maximum power point.

With respect to Figure 5 there is shown a solar generator 20 connected to a
capacitor 21, diode 22 and control switch 23. The capacitor 21, diode 22 and control
switch 23 forms the inductorless DC/DC converter 24. Several solar generaiors 20
are connected in series via their dedicated inductorless DC/DC converters 24. Each
solar generator 20 has its own inductorless DC/DC converters 24. After the last
inductorless DC/DC converters 24, there is an inductor 25 1o filter the current prior to
reaching the load 26. The inductor 25 can be smaller in terms of magnetic energy
shortage measured as 'z LI 2 where L is the inductance value in Henry and | is the
inductor current, in Amperes, than the total combined set of inductors that are
normally used with each buck DC/DC converter. The use of a smaller inductor and
only one inductor reduces cost and weight and increases the efficiency in providing
maximum power from the solar cells. In the preferred embodiment the solar

generator consists of a solar generator which is a single high performance solar cell.
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With reference to Figure 6, there is shown a DC to DC converter 30 in the
formed by MOSFETs Q1 and Q2 (31 and 32 respectively), and the energy storage
capacitor 33. No filter inductor is required. In this preferred embodiment MOSFET
Q1 (31) is a synchronous rectifier impiementation of the diode device and MOSFET
Q2 (32) is the buck converter controlled switch element. In the preferred
embodiment the output terminals of the solar generator/MPPT device are the the
drain terminal of Q1, point X and the junction of the source terminal of Q1 and the
drain terminal of Q2, point Y.

The control element of the maximum power device is a microprocessor. In
this preferred embodiment, an ultra-low power Texas Instruments MSP430
microprocessor 34 which is capable of operation at a supply voltage of 1.8V. This
allows direct operation from a dual junction cell which typically produces 2V. If other
cell types are used with lower cell voltages, a power conditioning device may be
required to develop a higher voltage supply to allow the control element to be
operated from a single cell. For example, silicon cells typically produce 0.4V and a
voltage boosting converter would be required to generate a voltage high enough to
operate a microprocessor control element.

An alternate embodiment is possible where the solar generator/MPPT device
output terminals are the junction of Q1 and Q2, point Y, and the source of Q2. In this
case Q1 is the controlled switch element and Q2 is the diode element implemented
as a synchronous rectifier.

The gate drive voltage for the MOSFETS Q1 and Q2 is derived by charge
pump circuit. In the preferred implementation a multiple stage charge pump circuit

formed by diodes D, to D4, devices 35-38, and their associated capacitors 39-42,
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The MOSFETS Q1 and Q2 are driven by a gate driver circuit. In the preferred
embodiment a comparator, 43, forms the driver circuit. As this circuit delivers a
higher gate to source voltage to device Q2 than Q1, Q2 achieves a lower turn on
resistance. In the preferred embodiment Q2 is the controlled switching device as
this arrangement minimises power losses.

Resistors 44 and 45 form a voltage divider network which is used to perform
voltage observations of solar generator voliage using a analogue to digital converter
within the microprocessor 34. An important feature of the maximum power tracking
method is the measurement of cell voliage magnitude, the and measurement of the
change in cell voltage during periods when the controlled switch, 32, is open and the
measurement of the time that the controlled switch is open to infer cell power. This
may be used as an input to a maximum power tracking method that will control the
DC-DC converter duty cycle to allow the solar generator to operate at maximum
power.

In order to secure high efficiency in the solar generator/MPPT, low switching
frequencies are preferred. In the preferred embodiment switching frequencies will be
below 20 kHz. At very low switching frequencies the ripple voltage on capacitor C1
will increase. The voltage ripple will cause the cell to deviate from its maximum
power point. An optimum switching frequency range will exist. In the preferred
embodiments the switching frequency will be adjusted to maximise the energy
delivered by the solar generator/MPPT.

A plurality of solar generator/MPPT may be configured within a large array to
switch at the same frequency and with a relative phase relationship that provides
improved cancellation of switching frequency voltage components in the output

voltage waveforms of the solar generator/MPPT combinations. This allows a smaller

Exhibit 1016 (Pt. 2 of 2)
Page 69 of 324



WO 2006/005125 PCT/AU2005/001017
-11-

inductor to provide filtering of the load current. Such synchronisation may be

provided by auxiliary timing signals that are distributed within an array or by other
means.

In some embodiments the solar generator/MPPT devices within an array may

5 not switch at the same frequency. The combined ouiput voltage of large number of

asynchronously switching series connected buck converters will follow a binomial

distribution. The average output voltage of the group of n solar generator/MPPT

devices, with an input voltage Vi, and a duty cycle d, increases linearly with n while

the switching ripple or the distortion voltage, Vst rises as Vn.

10
Vaist ~ Vin V n(d -d*) (1)
Likewise the average volt second area, A, for a shared filter inductor follows
an Vn relationship.
15

A=«/Hyf—i“—(d-d2) @

In a non synchronized embodiment, a larger inductor is required than in an
optimally synchronized embodiment. The required inductor is still significantly
o0  smaller than the combined plurality of inductors that would be required for
conventional buck converters.
A prototype converter was developed to first examine the conversion
efficiency of the DC to DC converter stage and its suitability for use with a dual

junction single solar cell, with an approximate maximum power point at 2V and
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300mA. For these tests the MSP340 was programmed to drive the charge pump
cireuitry and to operate the buck converter stage at a fixed 50% duty ratio. The
experimental circuit is as in Figure 6. A fixed 2V input source voltage was applied
and a load consisting of a 2 500pH inductor and a 1.6 Q resistor was applied. A
dead-time of 0.8uS is inserted in each turn-on and turn-off transient to prevent
MOSFETSs shoot through conduction events.

As gate charging loss was a significant loss contributor, a range of operating
frequencies was trialled. Figure 7 shows the control waveforms at 20kHz. The
waveforms show the dead times between the top and bottom signals at turn-on and
turn-off. All waveforms in this figure are ground referred. The measured no load
loss in this condition was 6mW which is approximately twice the expected figure.
The gate drive loss is fully developed at no load and we may have additional loss in
the charge pump circuitry. Figure 8 shows gate waveforms at 2kHz but a differential
measurement is made of Vg1 to show the lowering of the gate source voltage 1o
approximately 4V due to elevation of the source at the device turn-on.

The waveforms at 20 kHz without load are shown in Figure 9. Note that the
load connection is across terminals X and Y. The lower MOSFET has the higher
gate drive voltage and a lower Rason. Figure 10 shows the loaded waveforms. Note
the conduction of the MOSFET inverse diodes in the dead time as seen by the 2 uS
wide peaks on the leading and trailing pulse top edges on the top trace. The transfer
of current to these diodes generates an additional conduction loss of 24mW which
reduces efficiency at higher frequencies.

Given circuit losses are around a few percentage points of rating, precise
voltage and current measurements are needed if power measurements are used o

determine efficiency. A complication is that the output is inductorless and both the
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output voltage and current contain significant switching frequency components. ltis
likely that a significant amount of power is transferred to the combined R-L load at
frequencies other than DC.

in order to determine the efficiency of this converter, a new high end
oscilloscope was used to measure the input and output power. The intermal math
function was employed to obtain the instantaneous power from the current and
voltage, the mean value of which indicates the average power. The current probe
was carefully calibrated before each current measurement, to minimise
measurement errors. Figure 13 shows the details of the equipment used in a table
format. Figures 11 and 12 show the input and output voltages, current and power.
The mean value of measured power is displayed at the right column of the figures.

The efficiencies of the converter obtained are shown in a table in Figure 14.
It is seen that the measured efficiency is slightly lower than estimated especially at
higher frequencies. One reason is the loss during the dead-time. The on-state
voltage drop of the diode is much higher than the MOSFET, and therefore reduces
the efficiency of the converter. At 10kHz the dead time loss accounts for 12mW of
the observed 30mW. The results do confirm that the circuit is capable of achieving

high efficiencies especially if the switching frequency is low.

VARIATIONS
It will of course be realised that while the foregoing has been given by way of
illustrative example of this invention, all such and other modifications and variations
thereto as would be apparent to persons skilled in the art are deemed to fall within

the broad scope and ambit of this invention as is herein set forth.
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Throughout the description and claims this specification the word “comprise”
and variations of that word such as “comprises” and “comprising”, are not intended to

exclude other additives, components, integers or steps.
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CLAIMS
1. A system for providing power from solar cells including

one or more solar generators wherein each of said solar generators has one
to nine solar cells;

a maximum power tracker operatively associated with each solar generator,
each of said maximum power tracker includes a buck type DC/DC converter without
an output inductor, each of said maximum power trackers are operatively connected
in series with each other;

an inductor operatively connected to the series connected maximum power
trackers; and

means for providing electrical power from the inductor to load means, wherein
each of said maximum power trackers is controlled so that the operatively associated
solar generator operates at its maximum power point to extract maximum available

power.

2. A system as claimed in claim 1 wherein the maximum power tracker includes
an energy storage capacitor and a control means for adjusting the buck type DC/DC
converter duty cycle so that a connected solar generator operates at its maximum

power point.

3. A system as claimed in claim 1 wherein the maximum power tracker includes
an energy storage capacitor and a control means for adjusting the buck type DCG/DC
converter duty cycle so that a connected solar generator operates at its maximum

power point; said control means makes observations of solar generator voltage, and

observations of the change in energy storage capacitor voltage during the buck
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converter switch off time and observations of the duration of the buck converter
switch off time to infer solar generator power to adjust the buck converter duty cycle

to extract maximum power from the connected solar generator.

4. A system as claimed in any one of the above mentioned claims wherein the
switching operations of the DC/DC converter are synchronized in frequency by the

use of a synchronizing signal.

b. A system as claimed in any one of the above mentioned claims wherein each

solar generator includes one solar cell.

6. A system as claimed in any one of the above mentioned claims wherein each
solar generator includes one solar cell and each solar cell is connected to its own
dedicated maximum power tracker so that the tracker responds to its connected

solar cell.

7. A system as claimed in any one of the above mentioned claims wherein the

system uses a single inductor.

8. A system as claimed in any one of the above mentioned claims wherein load

means includes devices that use or store the electrical power.

9. A system as substaniially described herein with reference to and as illustrated

by the accompanying drawings.
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.Name of equipment - Mogel " Quantity_
Current probe Tektronix AM503B+TM502A 1
Voltage probe Tekironix P5050 1
Oscilloscope Tektronics DPO5034 1
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Frequency | Input Power: | : Output Power (mW) | ~ Efficiency
2 520 510 98%
10 577 547 95%
20 506 471 93%
FIGURE 14
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Power supply system with at least two rectifier-inverter pairs - has
voltage from one pair phase-shifted with respect to other pair thus
eliminating unwanted harmonics
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F03D9/00; H02J3/01; H02J3/38; H02J5/00; HO2P9/00; (IPC1- DE2317068 :2;)

(A2

Abstract of DE 4232356 (A1)

The power source with at least two rectifier-inverter
pairs (used as a controllable DC link), typically a
wind power plant or photovoltaic plant, has the
voltage from one pair phase-shifted with respect to
the other pair so as to eliminate totally or partially
the harmonics generated. There is a step-up
transformer between the output voltage and the
Grid. To eliminate or reduce harmonics, the half
period of the critical harmonic number is chosen as
the displacement in the firing angles. The critical
harmonic number lies near the grid frequency.
ADVANTAGE - Reduces unwanted harmonics being
fed into Grid.
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@ Stromversorgungseinrichtung mit mindestens zwei Stromquslien

Stromversorgungseinrichtung mit mindestens zwei
Stromquellen, wobei jede Stromquelle Gber einen zugeord-
neten Stromrichter in ein Wachselstromnetz sinspeist, da-
durch gekennzeichnet, daB zur Herabsetzung der Amplitude
einer bastimmten vorhandenen Oberschwingung die Span-
nung von mindestens sinem der Stromrichter mit Hilfe eines
Steuerwinkels phasenverschoben zu mindestens sinem an-
deren Stromrichter in das Netz einspeisbar ist.
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Beschreibung

Die Erfindung betrifft eine Stromversorgungseinrich-
tung mit mindestens zwei Stromquellen gemidB dem
Oberbegriff des Anspruchs 1.

Stromversorgungseinrichtungen der eingangs ge-
nannten Art sind bekannt. Hiufig werden Windkraftan-
lagen in Form von sogenannten Windparks eingesetzt,
wobei der Aufbau derartiger Windparks von den herr-
schenden Windverhiiltnissen und der Art der Einzelan-
lagen abhingt. Bei Windkraftanlagen mit Asynchron-
Generatoren wird eine direkte Netzkopplung bevor-
zugt, wihrend bei Synchron-Generatoren meist eine
Netzkopplung liber einen Frequenzumrichter, beste-
hend aus einem Gleichrichter mit Gleichstrom-Zwi-
schenkreis und netzgefilhrtem Wechselrichter, erfolgt.
Es werden auch Windkraftanlagen mit Generatoren
eingesetzt, die mehrere parallel zueinander angeordne-
te Statorwicklungen mit entsprechenden Stromrichtern
aufweisen. Ein derartiger Generator kann im vorliegen-
den Fall auch als ein System bestehend aus zwei Maschi-
nen bzw. zwei Einheiten betrachtet werden.

Eine Umrichterspeisung ist dann von Vorteil, wenn
das Energieangebot vergleichmiBigt werden soll. So
kann z B. bei bdigem Wind iiber variable Drehzahl mit
Hilfe der Schwungmassen als Speicher ein Ausgleich
geschaffen werden. Bei einem Windrad mit Umrichter
wird die Drehzahl bei schwankender Windgeschwindig-
keit derart verindert, daB die vom Wind angebotene
Energie besser genutzt, mechanische Anlagenteile ent-
lastet und eine gleichmiBigere Ausgangsleistung abge-
geben wird. Das heiBt, die Schwungmasse des Windrad-
es wird zur VergleichmiiBigung der Abgabeleistung her-
angezogen.

Bei Netzeinspeisung tiber Umrichtersysteme besteht
die Gefahr von Netzeinwirkungen. U.a. kénnen Ober-
schwingungen in das Netz eingebracht werden und
Netzresonanzen entstehen. Die Folge ist, daB sich
Strom- oder Spannungsiiberhdhungen im Netz erge-
ben, die sich bis zu einzelnen Verbrauchern fortpflanzen
und dort zu Beeintrichtigungen fiihren.

Photovoltaikanlagen oder Batteriespeicher, die
Gleichstrom liefern, sind ebenfalls hiufig iiber netzge-
fithrte Wechselrichter mit dem Wechsel- oder Dreh-
stromnetz verbunden und verursachen entsprechende
Oberschwingungsprobleme.

Wird ein Netz am AnschiuBpunkt eines oder mehre-
rer Einspeise- oder Verbrauchersysteme betrachtet, so
ist fiir das Verhalten die Gesamtimpedanz der Konfigu-
ration maBgebend, die sich anhand der gegebenen
Kombination von chmschen Widerstinden, Induktiviti-
ten und Kapazititen im Einspeise-, Verteiler- und Ver-
brauchersystem ermitteln 1aBt. Entsprechend der An-
zahl dieser Einzelelemente, ihrer Anbindung und Gréie
der Impedanzen ergeben sich u. a. Eigenresonanzwerte
im betrachteten Netzteil, die — wie bereits ausgefiihrt
— bei Anregung Strom- oder Spannungsiiberhtthungen
in den angeschlossenen Bauelementen und Geriten ver-
ursachen kdnnen. Diese Anregungen treten insbesonde-
re durch Stromrichtercinheiten auf, wie sie in Wind-
kraft- und Photovoltaikanlagen oder Batteriesystemen
eingesetzt werden. Derartige Stromumformer erzeugen
nichtsinusférmige Strom- und Spannungsverldufe, die
neben der Grundschwingungsfrequenz auch hoherfre-
quente Anteile (Oberschwingungen) beinhalten. Es ist
auch nicht zu verkennen, daBl Oberschwingungen in Er-
zeuger- und Verbrauchersystemen zusitzliche Verluste
und auch Alterungseffekte (z. B. bei Kondensatoren) zur
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Folge haben.

Nach der DE-OS 23 17 068 werden in einem Ver-
bundnetz bzw. in Teil- oder Inselnetzen stérende Ober-
schwingungen vorwiegend durch Filtereinrichtungen
auf ein fiir Verbraucher- und Erzeugersysteme ertrigli-
ches MaB abgebaut.

So ist insbesondere die Anordnung von Filtern zum
Abbau der storenden Oberschwingungen zwar die
MaBnahme, die nach dem Stand der Technik zu den
besten Ergebnissen fiihrt, der Einsatz von Filtern verur-
sacht jedoch zusitzliche Kosten und verliert beim Auf-
treten von héherfrequenten Resonanzen an Wirksam-
keit.

Aus der EP 473 257 A2 ist bekannt, daB zur elektri-
schen Energieumsetzung z. B. durch Parallelschaltung
von mehreren Stromrichterbriicken Netzschwingungen
reduziert und Gleichstromversorgungen insgesamt giin-
stiger gestaltet werden kénnen. Die EP 353 715 A2 hat
die Unterdriickung von Schwingungen durch Pulsation
der Gleichspannung bei Frequenzwandiern zum Inhalt.

Eine Stromversorgungseinrichtung der eingangs ge-
nannten Art ist aus der DE 30 23 195 Al bekannt. Das
Ziel dieser Stromversorgungseinrichtung fiir ein Wech-
sel- oder Drehstromnetz besteht darin, das Wechsel-
oder Drehstromnetz nur gering mit Blindleistung zu be-
lasten. Dies wird mit Hilfe von DC/DC-Wandlern durch
groBe Steuerwinkel erreicht.

Der Erfindung liegt die Aufgabe zugrunde, bei einer
Stromversorgungseinrichtung der eingangs genannten
Art das Auftreten von unerwiinschten Oberschwingun-
gen derart zu vermindern, daB sie keine Gefahr fiir Ver-
braucher- und Erzeugersysteme darstellen.

Die Aufgabe wird erfindungsgemiB durch die Merk-
male des Anspruchs 1 gelost. Hierdurch wird erreicht,
daB im Gegensatz zu den bekannten Mdglichkeiten in
vorhandenen oder zu installierenden Systemen eine ge-
zielte Reduzierung von Oberschwingungen und Klirrf-
aktorwerten erfolgt.

Weitere vorteilhafte Ausfiihrungsformen ergeben
sich aus den Unteranspriichen.

Eine besondere Ausfithrungsform einer Stromversor-
gungseinrichtung mit mindestens zwei Stromquellen ist
z. B. eine Anordnung von Windkraftanlagen mit Wech-
selrichtern, die derart ausgeriistet sind, da3 sie sich mit
unterschiedlichen Steuerwinkeln betreiben lassen. Dies
kann z. B. dadurch erreicht werden, daB8 die stromrich-
terseitige Trafowicklung der einen Stromquelle eine an-
dere Spannungsebene aufweist als die Trafoseite der
anderen Stromquelle. Dadurch, daB die Trafos bzw. Tra-
fowicklungen von beispielsweise zwei Windkraftanla-
gen jeweils eine unterschiedliche Spannungsebene ha-
ben, wird erreicht, daB der Stromrichter beispielsweise
als Wechselrichter der jeweiligen Windkraftanlage mit
einem anderen Steuerwinkel betrieben wird. Die Span-
nungsebenen der beiden Trafos sind daher so zu wihlen,
daB eine Ausléschung oder zumindest partielle Uber-
deckung der durch den jeweiligen Wechselrichter er-
zeugten Phasen erzielt wird. Zur Ausldschung oder
Uberdeckung von Phasen bestimmter Oberschwingun-
gen ist die halbe Periodendauer der kritischen Ober-
schwingungszahl als Phasenverschiebungswinkel geeig-
net. Bei der Auswahl der Oberschwingungszahl, die aus-
geloscht werden soll, ist die kritische Netzfrequenz zu
wihlen, die besondere Beeintrachtigungen hervorruft,
z. B. die Frequenz, dic nahe der Netzeigenresonanz-
oder Rundsteuerfrequenz liegt.

Nach einer anderen Ausfithrungsform wird zur Aus-
16schung oder zumindest partiellen Uberdeckung der
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Phasen von Oberschwingungen bei elektrisch erregten
Generatoren die Zwischenkreisspannung entsprechend
geindert.

Das heiBit, durch die Erregung des Generators wird
die Zwischenkreisspannung so gedndert, dal sich ent-
sprechende Steuerwinkel ergeben und sich die Phasen
der Oberschwingungen des einen Generators mit denen
eines weiteren Generators ausléschen bzw. iiberdecken.

Sowohl bei elektrisch erregten als auch bei perma-
nenterregten Generatoren besteht dariiber hinaus die
Mbglichkeit, daB der Gleichrichter durch die Wahl des
Steuerwinkels derart betrieben wird, daBl durch eine
Finstellung der Zwischenkreisspannung eine Auslo-
schung oder Uberdeckung von Phasen von Ober-
schwingungen am Wechselrichterausgang erfolgt. Das
heiBt, soll eine bestimmte Oberschwingung abgebaut
werden, muB die Zwischenkreisspannung entsprechend
eingestellt bzw. geregelt werden.

Eine weitere Moglichkeit ist dadurch gegeben, die
Statorwicklung jeweils zweier Maschinen derart zu
wihlen, daf durch die unterschiedliche Zwischenkreis-
spannung einer jeden Maschine eine derartige Steuer-
winkeldifferenz erzeugt wird, daB sich die entsprechen-
den Phasen von Oberschwingungen fberdecken oder
ausldschen. Das heiBt, die Statorwicklung bei zwei Ma-
schinen wird derart gewiihlt, daB sich die jeweils erge-
benden Zwischenkreisspannungen in geeigneter Weise
einstellen und hierdurch eine Steuerwinkeldifferenz ent-
steht, wobei die Differenz so zu wihlen ist, daB sich hier
die Phasen der Oberschwingungen ausischen oder zu-
mindest partiell iiberdecken bzw. in der Summe vermin-
dern, um insbesondere hierdurch den Klirrfaktor zu re-
duzieren.

Durch die Wahl der Auslegungs-, Steuer- oder Rege-
lungsgrdBen ist es moéglich, bestimmte Oberschwingun-
gen, Gruppen von Oberschwingungen, sowie den ge-
samten Oberschwingungsgehalt zu vermindern. Dabei
lassen sich durch die Erhéhung der Anzahl von Syste-
men die Freiheitsgrade erhdhen. Das heifit, durch den
Einsatz von z. B. 3 Einheiten ist es méglich, eine Abstim-
mung auf 2 Oberschwingungen zu erreichen.

In den Fig. 1 bis Fig. 4 sind Beispiele fiir Systeme mit
Gleich- und Wechselrichter dargestellt.

Zwei oder mehr elektrische Versorgungssysteme
koénnen nach Fig. 1 von einer gemeinsamen Spannungs-
ebene ausgehend direkt oder iiber einen Transformator
in das Netz einspeisen, bzw. nach Fig. 2, 3 und 4 tiber
parallele Zweige getrennt oder magnetisch gekoppelt
mit dem Netz verbunden werden. Dabei kann die Ver-
bindung nieder-, mittel- oder hochspannungsseitig ge-
schaffen werden.

Die Konfiguration nach Fig. 2 soll im folgenden bei-
spielhaft betrachtet werden. Dabei wird die 25. Ober-
schwingung ausgewihlt, die stark vermindert werden
soll, weil im Bereich der 25. Oberschwingung die Netzei-
genresonanzfrequenz besteht. Somit ergibt sich ein Dif-
ferenzwinkel von 360°/2x25=7,2° fiir die Ansteue-
rung. Wechselrichter, die auch bei ca. 10% Spannungs-
schwankung vor sogenanntem “Kippen” geschiitzt wer-
den, lassen sich bei einem Ansteuerwinkel von etwa
140° sicher betreiben. Somit wird der Wechselrichter
der ersten Stromquelle mit 140° und die zweite Strom-
quelle mit 132,8° betrieben. Um diesen Zustand z. B. im
Nennbetrieb zu erhalten, sind die Ubersetzungsverhilt-
nisse der Transformatoren mit ca. 12% Unterschied zu
wihlen. Die Gesamiblindleistung erhéht sich dadurch
um ca. 12%. Dabei wird die 25. Oberschwingung um
95%, die 23. um etwa 87% bis hin zur 11. um ungefihr
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4

20% vermindert. Ohne wesentiliche Zusatzkosten wird
dadurch der Filteraufwand erheblich verringert.

Patentanspriiche

1. Stromversorgungseinrichtung mit mindestens
. zwei Stromquellen, wobei jede Stromquelle iiber
einen zugeordneten Stromrichter in ein Wechsel-
stromnetz einspeist, dadurch gekennzeichnet, da
zur Herabsetzung der Amplitude einer bestimmten
vorhandenen Oberschwingung die Spannung von
mindestens einem der Stromrichter mit Hilfe eines
Steuerwinkels phasenverschoben zu mindestens ei-
nem anderen Stromrichter in das Netz einspeisbar
ist.
2. Stromversorgungseinrichtung nach Anspruch 1,
dadurch gekennzeichnet, daB jedem Stromrichter
ein Transformator nachgeschaitet ist, dessen
stromrichterseitige Wicklungen unterschiedliche
Spannungsebenen aufweisen.
3. Stromversorgungseinrichtung nach Anspruch 1,
dadurch gekennzeichnet, daf jeder Stromrichter
aus einem Gleichrichter und einem diesem nachge-
schalteten Wechselrichter bestehi, wobei der
Gleichrichter zur Verinderung der Gleichstrom-
Zwischenkreisspannung mit Hilfe seines Steuer-
winkels steuer- oder regelbar ist.
4. Stromversorgungseinrichtung nach Anspruch 1,
dadurch gekennzeichnet, dal die Ausgangsspan-
nung der mindestens zwei Stromquellen dnderbar
bzw. regelbar ist.

Hierzu 1 Seite(n) Zeichnungen
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Arrangement for decentralized supply of regenerative energy performs
voltage regulation at combination point for controlled improvement of
quality of electrical supply
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Abstract of DE 19961705 (A1)

The arrangement regulates the voltage at a
combination point for controlled electrical supply
quality improvement. The arrangement for supplying
power and the voltage regulator are in one unit. The
regulator has arrangements for specifying a desired
voltage spectrum at the combination point,
diagnosing the state of the supply network and
determining demand values of harmonics and/or a
fundamental frequency reactive power to be
compensated. The arrangement performs voltage
regulation at a combination point for controlled
improvement of the quality of the electrical supply.
The arrangement for supplying power and the
voltage regulator are contained in one unit.; The
regulator (17,20) has arrangements for specifying a
desired voltage spectrum at the combination point,
for diagnosing the state of the supply network and
for determining demand values of harmonics to be
compensated and/or a fundamental frequency
reactive power to be compensated. Independent
claims are also included for the following: a current
converter.
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Einspruchsgebiihrin Héhe von 200 Euro zu entrichten(§ 6 Patentkostengesetz in Verbindung mit der Anlage zu § 2 Abs. 2
Patentkostengesetz).

(73) Patentinhaber:
SMA Technologie AG, 34266 Niestetal, DE

(56) Fur die Beurteilung der Patentfahigkeit in Betracht
gezogene Druckschriften:
DE 198 19 869 A1

(74) Vertreter: DE 19756777 A1
Walther, Walther & Hinz GbR, 34130 Kassel EN 6100;

(72) Erfinder:
Cramer, Giinther, 34128 Kassel, DE; Kleinkauf,
Werner, Prof. Dr.-Ing., 34125 Kassel, DE;
Meinhardt, Mike, Dr.-Ing., 34266 Niestetal, DE;
Zacharias, Peter, Dr.-Ing., 34414 Warburg, DE

(54) Bezeichnung: Vorrichtung zur dezentralen Einspeisung regenerativer Energie

(57) Hauptanspruch: Vorrichtung zur dezentralen Energie- 1 13 0 15 12
versorgung eines elektrischen Energienetzes (12) mit ins- - v / /
besondere regenerativer Energie, aufweisend Mittel (13) %
zur Einspeisung von elektrischer Energie in das Energie- -
netz (12) mit einer an einem Verknupfungspunkt mit dem
Energienetz (12) angeordneten Spannungsregelung (17,
20), dadurch gekennzeichnet, dass die am Verknipfungs-
punkt angeordnete Spannungsregelung (17, 20) Mittel (20)

Wechselrichter- | |

Regeluing  [————

lwr'tt)
IWR,WVK%(t IWR Kompx(t)

zur Erfassung einer am Verkniipfungspunkt anliegenden oL, Mezimum Pover | | veradptungs. )l
Energienetzspannung, Mittel (33) zur Vorgabe eines am | Regelung Regelung 1] 1e
Verknupfungspunkt gewiinschten Spannungsspektrums, 14 : | Beirebetuung Ubervacing ]/"l/
Mittel (31) zur Diagnose der erfassten Energienetzspan- R s et

nung in Bezug auf das gewinschte Spannungsspektrum,
Mittel (32) zur Bestimmung von Sollwerten von zu kompen-
sierenden Oberschwingungen und/oder einer zu kompen-
sierenden Grundschwingungsblindleistung aus dem ge-
wiinschten Spannungsspekirum sowie Mittel zur Regelung
der am Verknupfungspunkt anliegenden Spannung mittels
der Sollwerte der zu kompensierenden Oberschwingungen
und/oder der zu kompensierenden Grundschwingungs-
blindleistung aufweist.
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Beschreibung

[0001] Die Erfindung betrifft eine Vorrichtung zur de-
zentralen Energieversorgung eines elektrischen En-
ergienetzes gemaf dem Oberbegriff des Anspruchs
1. Ferner bezieht sich die Erfindung auf einen ent-
sprechenden Stromrichter gemaR dem Oberbegriff
des Anspruches 12.

Stand der Technik

[0002] Die Merkmale der Oberbegriffe sind aus DE
197 56 777 A1 bekannt.

[0003] In der Druckschrift DE 197 57 777 A1 ist ein
Verfahren zur Regelung der Spannung am Verknip-
fungspunkt beschrieben. Hierbei wird die effektive
Spannung, d. h. der geometrische Mittelwert aller
Oberschwingungsspannungsteile, in einem vorgege-
benen Zeitbereich erfasst. Sinkt die Spannung, wird
entsprechend Wirk- oder Blindleistung in das Netz
eingespeist. Insbesondere werden dort ausschliel3-
lich die netzfrequenten Anteile auf einen Sollwert ge-
regelt, und zwar die jeweilige Amplitude eines von
mehreren Frequenzanteilen.

[0004] Auf dem Gebiet der Photovoltaik (PV) sind
PV-Wechselrichter bekannt, die Stromrichter darstel-
len, deren Aufgabe die Umwandlung von Gleich-
spannungsleistung in  Wechselspannungsleistung
darstellt, mit dem Ziel, photovoltaisch erzeugte Leis-
tung in ein elektrisches Inselnetz oder in ein grofirau-
miges elektrisches Energieversorgungsnetz einzu-
speisen. Die Qualitat der elektrischen Energieversor-
gung ist neben der Verfligbarkeit des Netzes im we-
sentlichen bestimmt durch Netzspannungseffektiv-
wert, Netzfrequenz und Kurvenform der Netzspan-
nung. Die Liberalisierung des europaischen Strom-
marktes birgt die Gefahr einer Verschlechterung der
Stromversorgungsqualitadt. Durch die zunehmende
Zahl der Anschlisse elektronischer Gerate mit
nicht-linearer Verbraucherkennlinie wird die Notwen-
digkeit fur aktive Manahmen zur Verbesserung der
Stromqualitat noch weiter erhéht.

[0005] Eine Verbesserung der Stromversorgungs-

qualitat (Spannungsqualitdt) kann prinzipiell gesche-

hen durch
a) gezieltes Einspeisen bzw. Verbrauchen von
Grundschwingungsblindleistung zur Anhebung
bzw. Absenkung des Netzspannungseffektivwer-
tes mittels (geschalteter) Kondensatoren oder ge-
eigneter Stromrichter;
b) gezieltes Einspeisen bzw. Herausfiltern von
Oberschwingungsstromen zur 'Entzerrung' der
Netzspannungskurven (Verringerung des Klirrfak-
tors) mittels passiver Filter (Bandpassen bzw.
Bandsperren) oder geeigneter Stromrichter (akti-
ve Filter).

[0006] Um der Verschlechterung der Netzqualitat
entgegenzuwirken, werden bei PV-Anlagen soge-
nannte selbstgefihrte Wechselrichter eingesetzt, die
meist nur reine Wirkleistung ins Netz einspeisen.
Nachts werden diese Wechselrichter in der Regel
vom Netz getrennt, da dann kein solares Energiean-
gebot vorliegt und Stand by-Verluste vermieden wer-
den sollen. Abhdngig von der Schaltfrequenz der
Wechselrichter ist der Oberschwingungsgehalt des
Klemmenstroms relativ gering, so dass man haufig
auch von "ideal sinusférmiger" Einspeisung redet.
Die heutigen PV-Wechselrichter kénnen allerdings
nicht zur aktiven Verbesserung der Netzspannungs-
qualitat eingesetzt werden.

[0007] MaRnahmen zur Spannungsqualitatsverbes-
serung kommen in den meisten Fallen an zentralen
Netzpunkten (Sammelschienen oder Unterverteilun-
gen) zum Einsatz. Um eine optimale Wirkung zu er-
zielen, muss die Kompensation von Oberschwin-
gungsstrémen und Blindleistung jedoch dezentral
stattfinden, da auch deren Generierung in den Ver-
brauchern dezentral geschieht. Derzeit hierfir einge-
setzte Filter werden allerdings ausschlieRlich 'ge-
steuert' betrieben, d.h. die Sollwerte flur die zu kom-
pensierende Blindleistung und/oder Oberschwin-
gungsstréme werden stationar von auflen vorgege-
ben. Eine 'Regelung’ der Spannungsqualitat findet
nicht statt. Desweiteren erlauben diese aktiven Filter
im Allgemeinen nicht die Einspeisung von Wirkleis-
tung in das Netz Uber einen langeren Zeitraum.

Aufgabenstellung

[0008] Der vorliegeden Erfindung liegt somit die
Aufgabe zugrunde, eine Vorrichtung bzw. einen ent-
sprechenden Stromrichter anzugeben, welche die
Stromqualitat der in ein Netz eingespeisten elektri-
schen Energie verbessern.

[0009] Diese Aufgabe wird durch die Merkmale der
Anspriche 1 bzw. 12 geldst. Vorteilhafte Ausgestal-
tungen sind in den Unteranspriichen angefihrt.

[0010] Der Erfindung liegt das Konzept zugrunde,
die Kompensation von Oberschwingungsstromen
und Blindleistung geregelt und dezentral stattfinden
zu lassen. Da auch deren Generierung in den Ver-
brauchern dezentral geschieht, bietet ein ebenfalls
dezentrales Entgegenwirken den héchsten Grad an
erzielbarer Wirkung, da es direkt an der Quelle an-
setzt. Durch diese dezentrale und geregelte Art der
Blindleistungs- und Oberschwingungskompensation
werden insbesondere Verluste und Storungen ver-
mieden, die durch eventuelle Uber- bzw. Unterkom-
pensation und/oder grofie raumliche Distanz zwi-
schen stdraussendender Quelle und Gerate zur
Stromversorgungs-Qualitatsverbesserung in unnoti-
ger Weise entstehen.
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[0011] Die Besonderheit der Erfindung liegt nun da-
rin, die Einspeisung regenerativer Energie in ein Netz
und eine kontrollierte Einflussnahme auf die Netz-
qualitat in einer einzigen Vorrichtung gleichzeitig
durchzuflihren. Zu diesem Zweck wird eine Betriebs-
flhrungseinheit des Stromrichters erfindungsgeman
um einen Funktionsblock "Regelung der Spannung
am Verknupfungspunkt (VP)" erweitert, der den Zu-
stand des angeschlossenen Netzes diagnostiziert
und entsprechende Sollwerte flir die zu kompensie-
renden Oberschwingungsstrome und Blindleistung
ermittelt. Dadurch wird eine geregelte Einflussnahme
auf das Spannungsspektrum der Versorgungsspan-
nung (Spannung am Verknupfungspunkt) ermoglicht.
Zudem ermdglicht der vorgeschlagene PV-Wechsel-
richter eine Regelung der Grundschwingungsampli-
tude der Verknipfungspunktspannung an entfernt lie-
genden Verknipfungs-Einspeisepunkten durch eine
gezielte Einspeisung von Wirkleistung und/oder ka-
pazitiver bzw. induktiver Blindleistung.

[0012] Natirlich kann die Einspeisung von Ober-
schwingungsstréomen und kapazitiver bzw. induktiver
Blindleistung auch weiterhin gesteuert erfolgen.

[0013] Der Einsatz eines PV-Wechselrichters mit in-
tegrierter, geregelter Filterfunktion ist zudem wirt-
schaftlich glinstiger als der Einsatz von zwei getrenn-
ten Einheiten zur Einspeisung von PV-Energie und
der Kompensation der StérgrofRen, und zwar ein
PV-Wechselrichter und daneben ein aktives Filter.
Der vorgeschlagene Wechselrichter ist daher billiger
und kleiner herstellbar als bekannte Gerate.

[0014] Bei der technischen Realisierung eines erfin-
dungsgemalfien Stromrichters, insbesondere im Zu-
sammenhang mit der erforderlichen Signal- bzw. Da-
tenverarbeitung bei der Erfassung und Auswertung
der genannten Netzgréfien, kénnen vorteilhaft kos-
tengiinstige Digitale Signalprozessoren (DSP) einge-
setzt werden.

Ausflihrungsbeispiel

[0015] Weitere Eigenschaften, Merkmale und Vor-
teile der Erfindung ergeben sich aus der nachfolgen-
den detaillierten Beschreibung eines Ausfihrungs-
beispieles.

[0016] Im Einzelnen zeigen:

[0017] Eig. 1 Prinzipieller Aufbau eines erfindungs-

gemalRen PV-Wechselrichters in schematischer
Blockdarstellung;

[0018] Eig. 2 die Struktur des Wechselrichteraus-
gangsstrom-Regelkreises;

[0019] Fig. 3 die Funktionsgruppen der Verknlp-
fungspunktspannungs (U,;)-Regelung;

[0020] Eig. 4 die Struktur des U, .-Regelkreises;

[0021] Fig. 1 zeigt den Prinzipaufbau eines erfin-
dungsgemalen Photovoltaik (PV)-Wechselrichters
10, der am Verknipfungspunkt (VP) 15 gemeinsam
mit anderen Verbrauchern 16 an das Energieversor-
gungsnetz 12 angeschlossen ist. Der PV-Wechsel-
richter 10 verbindet einen Solargenerator 11 mit ei-
nem elektrischen Energieversorgungsnetz 12, wobei
eine vom Solargenerator 11 gelieferte Gleichspan-
nung Uber ein Wechselrichterleistungsteil 13 in eine
Wechselspannung umgewandelt wird.

[0022] Der PV-Wechselrichter 10 ist erfindungsge-
mafk als aktives Filter zur Regelung der Spannung
bzw. Verbesserung der Spannungsqualitdt am Ver-
knupfungspunkt ausgebildet. Der PV-Wechselrichter
besteht im Einzelnen aus einem leistungselektroni-
schen Stellglied mit hoher Dynamik 13 und einer Be-
triebsfihrungs- und Systemsteuerungseinheit (BFS)
14. Die BFS umfasst eine Funktionseinheit 18, die die
Uberwachung sowie den Schutz des Wechselrichter-
leistungsteils Gbernimmt, so dass ein sicherer Betrieb
der gesamten Anlage 1012 gewadhrleistet ist. Des-
weiteren Ubernimmt diese Funktionseinheit die Kom-
munikation mit dem Benutzer.

[0023] Es existieren mehrere, kaskadierte Regel-
kreise, die ebenso Teil der BFS-Einheit sind. Der in-
nerste Regelkreis ist die Wechselrichterausgangs-
strom (l,,)-Regelung. Die Uberlagerten Regelkreise
sind die Maximum Power Point (MPP)-Regelung 19
und die VerknUpfungspunktspannungs (U,,)-Rege-
lung 20. Dabei ist lygwn die Stellgréle des
MPP-Reglers und lypkom, die StellgroBe des
U,--Reglers.

[0024] Wie in Fig. 1 zu erkennen ist, setzt sich der
Sollwert des |,,-Regelkreises aus der Summe des
Wirkstromsollwertes gy, der vom MPP-Regler
vorgegeben wird, und dem Kompensationsstromsoll-
wert lyrone VOrgegeben vom U,.-Regler, zusam-
men.

[0025] Die Struktur der l,s-Regelung ist in Eig. 2
dargestellt. Als Uberlastungsschutz (z.B. Schutz der
Leistungshalbleiter des PV-Wechselrichters vor zu
hohen Strémen) enthalt der |,,,-Regelkreis eine Soll-
wertbegrenzung. Bei Uberschreiten des maximal zu-
l&ssigen Wertes wird eine Rickmeldung an den U, -
und/oder MPP-Regler gegeben, damit die Sollwerte
(wrwik PZW. lyrkomp ) €Ntsprechend verzerrungsfrei
reduziert werden kénnen.

[0026] Der PV-Wechselrichter dient als leistungse-
lektronisches Stellglied. Die VerknuUpfungspunkt-
spannung U, kann als StérgréRe flr den |,,;-Regel-
kreis aufgefasst werden.

[0027] Die Anforderungen an die |, x-Regelung sind
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hohe Dynamik sowohl im Fihrungsverhalten als
auch im Stdrverhalten. Die Grenzfrequenz der Rege-
lung muss in jedem Fall groler sein als die hochste
Frequenz des zu kompensierenden Oberschwin-
gungsspektrums.

[0028] Die Implementierung dieser Regelung kann
sowohl digital in einem Mikrorechner als auch analog
geschehen.

[0029] Der 'Maximum Power Point Regler' sorgt
durch die Vorgabe eines geeigneten Wirkanteils des
Wechselrichterausgangsstrom-Sollwertes  (lyrwir )
far eine optimale Ausnutzung der vom Solargenera-
tor 11 gelieferten Leistung.

[0030] Die vorliegende Erfindung benétigt keine be-
sondere MPP-Regelstrategie. Es kann ein beliebiges
aus der Vielzahl der in der Literatur beschriebenen
Verfahren gewahlt werden. Normalerweise wird die
MPP-Regelung in einem Mikrorechner implementiert.

[0031] Wie in Eig. 3 zu sehen, umfasst die U, Re-
gelung 20 folgende Funktionsbldcke: "Diagnose des
Netzzustandes" 31, "Sollwertvorgabe eines ge-
wunschten Spektrums der VerknUpfungspunktspan-
nung" 32 und "Bestimmung des Kompensations-
stromsollwertes" 33.

[0032] Alle Blécke werden zyklisch abgearbeitet;
somit erreicht man eine dynamische Anpassung des
Kompensationsstromsollwertes an den aktuellen
Netzzustand und man vermeidet Uber- oder Unter-
kompensation. Die Realisierung der U,,.-Regelung
kann beispielsweise in einem Mikrorechner bzw. digi-
talen Signalprozessor geschehen.

[0033] Der Funktionsblock "Diaghose des Netzzu-
standes"” stellt das Messglied des U, Regelkreises
dar. Dieser Funktionsblock ist notwendig, um ein Bild
von den Netzverhaltnissen am VerknUpfungspunkt
zu bekommen. Mogliche Realisierungen sind Mes-
sung und spektrale Analyse der Verknipfungspunkt-
spannung U, . und/oder Netzimpedanz Z,,.(Z,.-Erfas-
sung ist fur die Funktionsweise nicht notwendig).

[0034] Fir den Fall, dass die Verknupfungspunkt-
spannungs-Regelung n Frequenzanteile f, bis f, (z.B.
n=3,f, =50Hz f,=150 Hz, f, = 250 Hz) berlcksich-
tigt, erhalt man als Ausgabe der "Diagnose des Netz-
zustandes" m = 2 n Signale. Dies kann beispielswei-
se Betrag und Phase oder auch Real- und Imaginar-
teil des entsprechenden Frequenzanteils der Span-
nung bzw. Impedanz sein.

[0035] Der Funktionsblock "Sollwertvorgabe....." 33
liefert die gewlinschten spektralen Anteile (Frequen-
zanteil) der Verknupfungspunkispannung (ein-
schliefdlich der gewlnschten Amplitude der Grund-
schwingung). ldealerweise wird man ein Spektrum

ohne Oberschwingungsgehalt vorgeben. Da es sich
beim Sollwert der Verknlpfungspunktspannung wie
auch bei deren Istwert um eine komplexe Grélie han-
delt, sind auch hier zwei Signale fur jeden Frequenz-
anteil, alsoc insgesamt m = 2 x n Signale zur Beschrei-
bung des gewlnschten Spektrums der Verknup-
fungspunktspannung U,  notwendig. Dies ist jedoch
in vielen Fallen unwirtschaftlich, denn es kann zu ei-
nem sehr groRen Kompensationsstromsollwert fuh-
ren. Ein weiterer maglicher Betriebsmodus besteht
darin, dass Frequenzanteile der Oberschwingungs-
spannung unkompensiert bleiben. Dies ist denkbar
fir den Fall, dass die gemessenen Oberschwin-
gungsspannungen innerhalb eines gewissen, vom
Anlagenbetreiber vorgebbaren Toleranzbereiches
liegen.

[0036] Fur den Fall, dass der Wechselrichteraus-
gangsstrom-Regler eine Sollwertbegrenzung an-
zeigt, muss der Kompensationsstromsollwert verrin-
gert werden. Dies kann durch eine Anderung des ge-
wilnschten Spektrums der VerknUpfungspunktspan-
nung geschehen.

[0037] Im Funktionsblock "Bestimmung des Kom-
pensationsstromsollwertes" 32 wird der Kompensati-
onsanteil des Wechselrichterausgangsstromsollwer-
tes (lyrwomp ) Dasierend auf der Kenntnis des Netzzu-
standes, so berechnet, dass die vorgegebenen Soll-
werte der Oberschwingungsspannungen und der
Grundschwingungsspannung eingeregelt werden
kénnen. Der Kompensationsstromsollwert wird dann
an den unterlagerten Wechselrichterausgangs-
strom-Regelkreis Ubergeben.

[0038] Die Funktionsweise der U,, Regelung wird
anhand von Fig. 4 erlautert. Flr jeden zu kompensie-
renden Frequenzanteil f, ... T, ist ein gesonderter Reg-
ler vorzusehen. Jede dieser n Reglerbaugruppen
41-43 kann, wie beispielsweise bei der feldorientier-
ten Regelung von Drehfeldmaschinen weit verbreitet,
in einem mit der entsprechenden Frequenz (f, ... 1))
rotierenden Koordinatensystem realisiert werden.
FiGr den Fall, dass die Netzimpedanz am Verknip-
fungspunkt zur Diagnose des Netzzustandes gemes-
sen wird, kann ein dem Quotienten aus gemessener
Verknupfungspunktspannung und Impedanz am Ver-
knapfungspunkt proportionaler Wert (z.B.
Larkomp (F1)"= Yueilf ) K(f)/Zp(f)) auf den Regler-
ausgang (z.B. Lyromp (f1)') IN Form einer Vorsteue-
rung 45 aufgeschaltet werden. Eine eventuelle not-
wendige Begrenzung der H6he des Stromsollwertan-
teils | “(t) kann durch Anpassung des Proportio-

AWR.Komp
nalitatsfaktors (z.B. K(f,)) realisiert werden.

[0039] Zur Ricktransformation der Sollwerte
(lyromp (f)) in den Zeitbereich (Lygyome (1) kann bei-
spielsweise die Fouriertransformation verwendet
werden.
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[0040] Das Einsatzspektrum des vorgeschlagenen
Stromrichters umfasst allgemein Netzanschllisse von
vorbeschriebenen PV-Anlagen, insbesondere An-
schlisse von PV-Anlagen an Verknlpfungspunkten
mit hoher Netzimpedanz, d.h. 'schwachen Netzen'.
Es versteht sich, dass der Stromrichter auch — tber
die beschriebene Anwendung im Bereich der Photo-
voltaik hinaus — bei Industrieanlagen, in denen so-
wohl Blind- und/oder Wirkleistungsschwankungen
als auch Verzerrungen der Netzspannung in unter-
schiedlichem Male auftreten, vorteilhaft eingesetzt
werden kann. Letztere Stérgroéfden kénnen beispiels-
weise durch einen diskontinuierlichen Produktions-
prozess oder stark schwankende Tageslastkurven
hervorgerufen sein.

Patentanspriiche

1. Vorrichtung zur dezentralen Energieversor-
gung eines elektrischen Energienetzes (12) mit ins-
besondere regenerativer Energie, aufweisend Mittel
(13) zur Einspeisung von elektrischer Energie in das
Energienetz (12) mit einer an einem Verknupfungs-
punkt mit dem Energienetz (12) angeordneten Span-
nungsregelung (17, 20), dadurch gekennzeichnet,
dass die am VerknUpfungspunkt angeordnete Span-
nungsregelung (17, 20) Mittel (20) zur Erfassung ei-
ner am Verknlpfungspunkt anliegenden Energie-
netzspannung, Mittel (33) zur Vorgabe eines am Ver-
knipfungspunkt gewiinschten Spannungsspekt-
rums, Mittel (31) zur Diagnose der erfassten Energie-
netzspannung in Bezug auf das gewiinschte Span-
nungsspektrum, Mittel (32) zur Bestimmung von Soll-
werten von zu kompensierenden Oberschwingungen
und/oder einer zu kompensierenden Grundschwin-
gungsblindleistung aus dem gewiinschten Span-
nungsspektrum sowie Mittel zur Regelung der am
Verknupfungspunkt anliegenden Spannung mittels
der Sollwerte der zu kompensierenden Oberschwin-
gungen und/oder der zu kompensierenden Grund-
schwingungsblindleistung aufweist.

2. Vorrichtung nach Anspruch 1, dadurch ge-
kennzeichnet, dass die Mittel (13) zur Einspeisung
von elektrischer Energie und die Spannungsregelung
(17, 20) in einer Baueinheit angeordnet sind.

3. Vorrichtung nach Anspruch 1, gekennzeichnet
durch Mittel (31) zur Bestimmung eines Netzspan-
nungs-Istwertes sowie Mittel (32) zur insbesondere
dynamischen Bestimmung eines Kompensations-
strom-Sollwertes aus dem ermittelten Netzspan-
nungs-Istwert.

4. Vorrichtung nach Anspruch 3, gekennzeichnet
durch Mittel zur insbesondere dynamischen Bestim-
mung eines Soll-Ausgangsstromes unter BerlUcksich-
tigung des Kompensationsstrom-Sollwertes und ei-
nes Wirkstromes.

5. Vorrichtung nach einem oder mehreren der vo-
rangehenden Ansprliche, gekennzeichnet durch ein
geregeltes, aktives Leistungsfilter.

6. Vorrichtung nach Anspruch 5, dadurch ge-
kennzeichnet, dass das geregelte Filter Mittel zur Re-
gelung der Blindleistungsaufhahme aus bzw. Blind-
leistungslieferung an das Energienetz und/oder Mittel
zur Regelung des Spektrums der Spannung am Ver-
knipfungspunkt mit dem Netz aufweist.

7. Vorrichtung nach einem der voranstehenden
Anspriche, dadurch gekennzeichnet, dass bei der
Ermittlung von Sollwerten eine Begrenzung der Héhe
des Sollwertes stattfindet, um den Wechselrichter vor
Uberlast zu schiitzen.

8. Vorrichtung nach Anspruch 7, dadurch ge-
kennzeichnet, dass durch das Mittel (33) zur Soll-
wertvorgabe der Verknlpfungsspannung (U,.) die
Begrenzung der Héhe des Wechselrichterausgangs-
strom-Sollwertes (l,,z) auf der Basis des Frequenzbe-
reiches erfolgt.

9. Vorrichtung nach Anspruch 1, dadurch ge-
kennzeichnet, dass fUr jeden Frequenzanteil (f) des
Spektrums der Verknipfungspunktspannung eine
Regelbaugruppe (41-43) vorgesehen ist, wobei
durch diesen Regler ein Wechselrichterstrom-Soll-
wert Lz komp () VOrgegeben wird, wobei aus der Ge-
samtheit der Wechselrichterstrom-Sollwerte
Iwrkomo (f1) - Jwrkomp (fa) durch Ricktransformation
vom Frequenzbereich zum Zeitbereich der Sollwert
des Kompensationsstroms im Zeitbereich Ly komp (t)
erzeugt wird.

10. Vorrichtung nach Anspruch 1 oder 9, dadurch
gekennzeichnet, dass in Abhangigkeit von der Netz-
impedanz am VerknUpfungspunkt und/oder Span-
nung am Verknipfungspunkt fur jeden Frequenzan-
teil (f) ein Stromsollwert lz «om (f)", berechnet aus

Impedanz und einem der Spannung proportionalen
Wert, auf den 1WR’Komp'(fi)' aufgeschaltet wird.

11. Vorrichtung nach Anspruch 10, dadurch ge-
kennzeichnet, dass durch Auswahl des Proportiona-
litatsfaktors der Spannung die Héhe des Stromsoll-
wertes lyg komp ()" begrenzt ist

12. Stromrichter, insbesondere Photovolta-
ik-Wechselrichter, mit einer ersten Funktionseinheit
(14) zur Einspeisung von insbesondere regenerativer
Energie in ein Energienetz (12) an einem VerknUp-
fungspunkt des Stromrichters mit dem Energienetz
(12), gekennzeichnet durch eine wenigstens zweite
Funktionseinheit (20) aufweisend Mittel zur Erfas-
sung einer am Verknlpfungspunkt vorliegenden En-
ergienetzspannung, Mittel (31) zur Diagnose der er-
fassten Energienetzspannung in Bezug auf ein ge-
wlnschtes Spannungsspektrum, Mittel (32) zur Er-
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mittlung von Sollwerten von zu kompensierenden
Oberschwingungen und/oder einer zu kompensie-
renden Grundschwingungsblindleistung aus dem ge-
wulnschten Spannungsspektrum sowie Mittel zur Re-
gelung der Blindleistungsaufnahme aus bzw. der
Blindleistungsabgabe an das Energienetz (12) mit-
tels der Sollwerte der zu kompensierenden Ober-
schwingungen und/oder der zu kompensierenden
Grundschwingungsblindleistung.

13. Stromrichter nach Anspruch 12, gekenn-
zeichnet durch Mittel (31) zur Erfassung eines Netz-
spannungs-Istwertes sowie Mittel (32) zur dynami-
schen Bestimmung eines Kompensationsstrom-Soll-
wertes aus dem ermittelten Netzspannungs-Istwert.

14. Stromrichter nach einem oder mehreren der
Anspriche 12 und 13, gekennzeichnet durch einen
oder mehrere Mikroprozessoren und/oder digitale Si-
gnalprozessoren (DSP) zur Ausflihrung der Diagno-
se und/oder Ermittlung der Kompensations-
strom-Sollwerte und/oder Vorgabe einer gewlnsch-
ten spektralen Zusammensetzung der Spannung am
Verknupfungspunkt und/oder Realisierung der Reg-
lerbaugruppen und/oder Ruicktransformation in den
Zeitbereich.

15. Stromrichter nach einem der voranstehenden
Anspriche 12 bis 14, dadurch gekennzeichnet, dass
bei der Ermittlung von Sollwerten eine Begrenzung
der H6he des Sollwertes stattfindet, um den Wech-
selrichter vor Uberlast zu schitzen.

16. Stromrichter nach Anspruch 15, dadurch ge-
kennzeichnet, dass durch das Mittel (33) zur Soll-
wertvorgabe der Verkniipfungsspannung (U,.) die
Begrenzung der H6he des Wechselrichterausgangs-
strom-Sollwertes (l,,z) auf der Basis des Frequenzbe-
reiches erfolgt.

17. Stromrichter nach Anspruch 12, dadurch ge-
kennzeichnet, dass fur jeden Frequenzanteil (f;) des
Spektrums der Verknipfungspunktspannung eine
Regelbaugruppe (41-43) vorgesehen ist, wobei
durch diesen Regler ein Wechselrichterstrom-Soll-
wert Lyq kome () VOrgegeben wird, wobei aus der Ge-
samtheit der Wechselrichterstrom-Sollwerte
Lyriomp (F)" Lyvriomp (f) durch  Ricktransformation
vom Frequenzbereich zum Zeitbereich der Sollwert
des Kompensationsstroms im Zeitbereich 1WR,KDmp*(t)
erzeugt wird.

18. Stromrichter nach einem der Anspriiche 12
bis 17, dadurch gekennzeichnet, dass in Abhangig-
keit von der Netzimpedanz am Verknipfungspunkt
und/oder Spannung am Verknipfungspunkt fir jeden
Frequenzanteil (f) ein Stromsollwert lq xom, ()", be-
rechnet aus Impedanz und einem der Spannung pro-
portionalen Wert, auf den 1WR’KDmp'(fi)' aufgeschaltet
wird.

19. Stromrichter nach Anspruch 18, dadurch ge-
kennzeichnet, dass durch Auswahl| des Proportiona-
litatsfaktors der Spannung die Hohe des Stromsoll-
wertes 1WR,KDmp*(fi)" begrenzbar ist.

Es folgen 4 Blatt Zeichnungen
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Anhdngende Zeichnungen
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Fig. 1. Prinzipieller Aufbau des erfindungsgemafien PV-Wechselrichters in schematischer
Blockdarstellung e
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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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5.

10.

11.

12.

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.

13 EP 1388 774 A1

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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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.

Exhibit 1016 (Pt. 2 of 2)
Page 132 of 324



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.*** 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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SOLAR DISCONNECTING SWITCH

Publication number: JP8116628 (A)
Publication date: 1996-05-07

Page 1 of 1

Inventor(s): ANDO KENJI

Applicant(s): NITTO KOGYO KK

Classification:

- international: HO01L31/04; H02J7/35; H01L31/04; H02J7/35; (IPC1-7): H02J7/35; HO1L31/04
- European:

Application number: JP19940248996 19941014
Priority number(s): JP19940248996 19941014

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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SOLAR BATTERY DEVICE

Publication number: JP8316517 (A) Also published as:
Publication date:  1996-11-29 #1UP3316336 (B2)
Inventor(s): YAGI HIROSATO; FURUKAWA KIMIHIKO; SAKATA HITOSHI;

YANAGIURA SATOO
Applicant(s): SANYO ELECTRIC CO
Classification:
- international: HO01L31/042; H0O2N6/00; HO1L31/042; HO2N6/00; (IPC1-

7): HO1L31/042; HO2N6/00
- European:

Application number: JP19950118112 19950517
Priority number(s): JP19950118112 19950517

Abstract of JP 8316517 (A)

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

A A A AR
i
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SOLAR BATTERY DEVICE

Publication number: JP9148611 (A)
Publication date: 1997-06-06

Inventor(s): KATSUBE KOJI

Applicant(s): SANYO ELECTRIC CO

Classification:

- international: HO01L31/042; HO1L31/042; (IPC1-7): HO1L31/042
- European:

Application number: JP19950306000 19951124
Priority number(s): JP19950306000 19951124

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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PHOTOVOLTAIC POWER GENERATING APPARATUS

Publication number: JP2000358330 (A)
Publication date: 2000-12-26

Inventor(s): MATSUKAWA MITSURU; SHIMOMURA YUKIO; SAKAE NORIO
Applicant(s): NISSIN ELECTRIC COLTD
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- European:
Application number: JP19990166499 19990614
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Abstract of JP 2000358330 (A)

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 devices. The inverters 17 are small-
capacitance 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 Basseamnensiaaas
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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PATENT ABSTRACTS OF JAPAN

[UINFORMAL TRANSLATION)]

(11) Publication number : 2000-358330

(43) Date of publication of application : 26.12.2000

CLAIMS

[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
cach 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.
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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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international search report.

Authority have been established and are transmitted herewith.

Filing of amendments and statement under Article 19:

The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):
When? The time limit for filing such amendments is normally two months from the date of transmittal of the

Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.:
For more detailed instructions, see the notes on the accompanying sheet.

2. D The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

3. |____] With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:
the protest together with the decision thereon has been transmitted to the International Bureau together with the
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices.

+4122 338 8270

l:‘ no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.
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Shortly after the expiration of 18 months from the priority date, the international application will be published by the International
Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the
priority claim, must reach the International Bureau as provided in Rules 90bis.1 and 90bis.3, respectively, before the completion of
the technical preparations for international publication.

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an international
preliminary examination report has been or is to be established. These comments would also be made available to the public but not
before the expiration of 30 months from the priority date.

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices.

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19 months.

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant’s
Guide, Volume 11, National Chapters and the WIPO Internet site.

Name and mailing address of the ISA/KR Authorized officer
’ Korean Intellectual Property Office
Government Complex-Dagjeon, 139 Seonsa-ro, COMMISSIONER
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NOTES TO FORM PCT/ISA/220

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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NOTES TO FORM PCT/ISA/220 (continued)

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.
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ID :PCT international application number
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Homepage: http://www.ipkcenter.com
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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
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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 RGTHISAVRB(Best Mo. D(April 2007)
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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%}zfgﬁhrzs{’ fRer) (July 2008)




¢ c

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 HO1L31/042

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 clalm(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
gu, Dacjeon 302-701, Republic of Korea
Fac51m11e No. 82-42-472-7140 Telephone No.  82-42-481-8479

EXNIDIT IV10 (Ft. 2

Form Pﬁ;’g@ﬁ;ﬁ/gflﬁﬁsecogld sheet) (July 2008)




INTERNATIONAL SEARCH REPORT

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

Form F(’flf'/‘mm%];bz&@ﬁlz}amﬂy annex) (July 2008)
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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

APPLICATIONNUMBER | FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY. DOCKET NO/TITLE |
12/628,977 12/01/2009 Ron HADAR 108144-202701/US (TGY027)
CONFIRMATION NO. 6958
64494 EARLY PUBLICATION REQUEST
GREENBERG TRAURIG, LLP (SV) LETTER
IP DOCKETING
2450 COLORADO AVENUE IR MO RRE
SUITE 400E 000000040363227

SANTA MONICA, CA 90404
Date Mailed: 03/02/2010

NOTICE REGARDING EARLY PUBLICATION REQUEST

The request for voluntary publication, amended publication, early publication, redacted publication, republication,
corrected publication or revised publication has been received for this application. The request, including payment
of any necessary fee(s), is in compliance with 37 CFR 1.215, 1.217, 1.219 or 1.221.

The projected publication date is 06/10/2010.

/tjkoontz/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLO. OV

APPLICATION NO. I FILING DATE | FIRST NAMED INVENTOR l ATTORNEY DOCKET NO. | CONFIRMATION NO. l

12/628,977 12/01/2009 Ron HADAR 108144-202701/US 6958
' (TGY027)

64494 7590 02/16/2010
GREENBERG TRAURIG, LLP (SV) | EXAMINER |
IP DOCKETING _
2450 COLORADO AVENUE . | ART UNIT I PAPER NUMBER |
SUITE 400E

1795
SANTA MONICA, CA 90404

I NOTIFICATION DATE i DELIVERY MODE |

02/16/2010 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):
LAIPMAIL@GTLAW.COM

allenr@gtlaw.com
santosv@gtlaw.com
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

www. uspto.gov

GREENBERG TRAURIG, LLP (SV)
IP DOCKETING

2450 COLORADO AVENUE
SUITE 400E

SANTA MONICA CA 90404 ¢ 100

ges d

In re Application of

Hadar et al. A ) DECISION ON PETITION
Application No. 12/628,977 : TO MAKE SPECIAL UNDER
Filed: 12/1/2009 : THE GREEN TECHNOLOGY
Attorney Docket No. 108144-202701/US ; PILOT PROGRAM
(TGY027) |

This is a decision on the petition under 37 CFR 1.102, filed 1/19/2010, to make the above-
identified application special under the pilot program for applications pertaining to Green
Technologies as set forth 74 Federal Register Notice 64666 (December 8, 2009).

The petition is GRANTED.

A grantable petition to make an application special under 37 CFR 1.102 and the pilot program as
set forth in 74 FR 64666 must be directed to a nonprovisional application filed under 35 USC
111(a) or be a national stage entry under 35 USC 371, exclusive of any reissue applications and
be filed prior to the date of the notice, December 8, 2009.

In order to qualify for special status, the following requirements must be met. 1) The application
must be classified in one of the eligible US classifications listed in section VI of the notice. 2)
The application must have no more than 3 independent claims and no more than 20 total claims.
3) The application must not contain any multiple dependent claims. 4) The petition must state the
basis for seeking special status, i.e., the claimed invention either: A) materially enhances the
quality of the environment or B) materially contributes to: i) the discovery or development of
renewable energy resources, i1) the more efficient utilization and conservation of energy
resources, or iil) greenhouse gas emission reduction. 5) If the disclosure is not clear on its face
that the claimed invention materially contributes under category (A) or (B), the petition must be
accompanied by a statement by the applicant, assignee, or an attorney/agent registered to practice
before the Office explaining how the materiality standard is met. 6) A statement that applicant
will agree to make an election without traverse in a telephonic interview if a restriction
requirement 1S made by the examiner. 7) The petition to make special must be filed
electronically. 8) The petition must be filed at least one day prior to the date that a first Office
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Application No. 12/628,977 - Page 2.

Action appears in the Patent Applicaﬁon Information Retrieval (PAIR) system. 9) The petition
must be accompanied by a request for early publication in compliance with 37 CFR 1.219 and
include the publication fee as set forth in 37 CFR 1.18(d).

The requirement for a fee for consideration of the petition to make special for applications
pertaining to Green Technologies has been waived.

The instant petition complies with items 1 - 9 above. Accordingly, the above-identified
application has been accorded “special” status.

Telephone inquires concerning this decision should be directed to Tom Dunn at 571-272-1171.

The application is being forwarded to the Technology Center Art Unit 1795 foraction
on the merits commensurate with this decision.

fTom Dunn/

Tom Dunn
Quality Assurance Specialist
Technology Center 1700
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Doc Code: PET.GREEN

Document Description: Petition for Green Tech Pilot PTO/SB/420 (12-09)
Approved for use through 05/31/2010. OMB 0651-0062

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 displays a valid OMB control number.

PETITION TO MAKE SPECIAL UNDER THE GREEN TECHNOLOGY PILOT PROGRAM

Attorney Docket Application Number Filing date:
Number:  108144-202701/US (TGY027) | (if known): 12/628,977 9 %% December 1, 2009
First Named

Inventor: Ron Hadar

Title: Systems and Methods for an Enhanced Watchdog in Solar Module Installations

APPLICANT HEREBY REQUESTS TO PARTICIPATE IN THE GREEN TECHNOLOGY PILOT PROGRAM FOR
THE ABOVE-IDENTIFIED APPLICATION. See Instruction Sheet on page 2.

This petition must be timely filed electronically using the USPTO electronic filing system, EFS-Web.
1. By filing this petition:

Applicant is requesting early publication: Applicant hereby requests early publication under 37 CFR
1.219 and the publication fee set forth in 37 CFR 1.18(d) accompanies this request. Applicant hereby
rescinds under 37 CFR 1.213(b) any previous filed request that the above-identified application not
be published under 35 U.S.C. 122(b).

If the application has been published, the petition must still be accompanied by the publication fee
set forth in 37 CFR 1.18(d) and a statement that the application has been published.

2. By filing this petition: applicant is agreeing to make an election without traverse in a telephonic interview and
elect an invention that meets the eligibility requirement and classification requirement set forth in the notice

entitled “Pilot Program for Green Technologies Including Greenhouse Gas Reduction” that was published in
the Federal Register if the Office determines that the claims are not obviously directed to a single invention.

3. This request is accompanied by statements of special status for the eligibility requirement.
4.  The application contains no more than three (3) independent claims and twenty (20) total claims.
5. The application does not contain any multiple dependent claims.

6. Other attachments:

signature JONN P. Ward/ Date January 19, 2010
Name
(Print/Typed) John P. Ward Registration Number 40,216

Note: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required in accordance with 37
CFR 1.33 and 11.18. Please see 37 CFR 1.4(d) for the form of the signature. If necessary, submit multiple forms for more than one signature,
see below™.

|:| *Totalof ______ forms are submitted.

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
35U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 hours 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.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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PATENT
Docket No. 108144-202701/US (TGY027)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant:  Ron Hadar et al. Examiner: ok

Serial No.:  12/628,977 Art Unit: 1795

Filed: December 1, 2009 Confirmation: 6958

Title: SYSTEMS AND METHODS FOR AN ENHANCED WATCHDOG IN SOLAR
MODULE INSTALLATIONS

Mail Stop Petition

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

STATEMENT OF THE BASIS FOR SPECIAL STATUS

Sir/Madam:;

The invention of the subject application, which is related to automatically or remotely
rendering a solar energy array safe during an emergency or during maintenance, materially
contributes to the development of renewable energy resources or energy conservation, and thus is

eligible for special status under the Green Technology Pilot Program.

Respectfully submitted,

Date: January 19, 2010 /John P. Ward/
John P. Ward
Reg. No. 40,216

Customer Number 64494
GREENBERG TRAURIG, LLP
(650) 328-8500 Telephone
(650) 328-8508 Facsimile
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PATENT
Docket No. 108144-202701/US (TGY027)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant:  Ron Hadar et al. Examiner: ok

Serial No.:  12/628,977 Art Unit: 1795

Filed: December 1, 2009 Confirmation: 6958

Title: SYSTEMS AND METHODS FOR AN ENHANCED WATCHDOG IN SOLAR
MODULE INSTALLATIONS

Mail Stop Petition

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

REQUEST FOR EARLY PUBLICATION UNDER 37 CFR §1.219

Sir/Madam:;

Applicant respectfully requests early publication of the above-referenced patent
application in accordance with 37 CFR §1.219. The publication fee set forth in 37 CFR §1.18(d)

1s submitted herewith.

Respectfully submitted,

Date: January 19, 2010 /John P. Ward/
John P. Ward
Reg. No. 40,216

Customer Number 64494
GREENBERG TRAURIG, LLP
(650) 328-8500 Telephone
(650) 328-8508 Facsimile
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Electronic Patent Application Fee Transmittal

Application Number: 12628977

Filing Date: 01-Dec-2009

Title of Invention: Systems and Methods for an Enhanced Watchdog in Solar Module

Installations
First Named Inventor/Applicant Name: Ron HADAR
Filer: John Patrick Ward/Anne Collette
Attorney Docket Number: 108144-202701/US (TGY027)
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:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Publ. Fee- early, voluntary, or normal 1504 1 300 300

Extensjop:ofifimg:. 2 or2)
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o ) Sub-Total in
Description Fee Code Quantity Amount USD($)
Miscellaneous:
Total in USD ($) 300
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Electronic Acknowledgement Receipt

EFSID: 6841342
Application Number: 12628977
International Application Number:
Confirmation Number: 6958

Title of Invention:

Systems and Methods for an Enhanced Watchdog in Solar Module
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:

108144-202701/US (TGY027)

Receipt Date: 19-JAN-2010
Filing Date: 01-DEC-2009
Time Stamp: 21:23:37

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $300

RAM confirmation Number 7428

Deposit Account 502638

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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@ Solar array regulator.

@ Apparatus for regulating the voltage output of a solar
cell array by selectively actuating individual cells that have
bean constructed to include a light control valve capable of
being rendered opaque or transparent under electrical
control. By automatically controlling selected cells in the
array in this manner, the output characteristics of the array
can be regulated to compensate for variations caused by
temperature or other changes.
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SOLAR ARRAY REGULATOR

BACKGROUND OF THE INVENTION

!

This invention relates generally to solar
cell arrays, and more particularly, to techniques for
regulating the electrical output of an array in vary-
ing conditions. Arrays of semiconductor solar cells
are frequently used as the principal power source in
spacecraft and terrestrial application, to power bat-
tery charging circuits, or to power other electical
equipment directly.

Although solar cell arrays are an efficient
and reliable power source, there are some commonly
encountered conditions that vary the operating char-
acteristics of such arrays. variations in tempera-
ture can produce wide variations in the output volt-
age of a solar cell array, and some form of voltage
regulation is therefore necessary. More specific-
ally, the maximum or open-circuit voltage available
from an array is significantly increased when the
temperature of the cells making up the array is rela-
tively 1low. When a spacecraft emerges from a shadow
condition, as when eclipsed by the earth or some
other body, the temperature of the array may be as
low as approximately -176 degrees C. After exposure
to direct sunlight for some minutes, the temperature
may rise by as much as 200 degrees C.. The voltage
output from an array that has just emerged from
shadow may be almost double the value obtained after
the array reaches its equlibrium temperature in sun-
light.

Unless the electrical load on the array can
be increased during periods when the temperature is
low, the output voltage must be regulated down to a
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lower value. The technique normally used is to by-
pass or short-circuit gtrings of cells by means of
high-power switching transistors. 1If each string of
cells in the array is shortened by appropriate
5 gwitching, the output of the array is reduced, but
only at the expense of power dissipation in the
switching transistors. Consequently, the power
dissipation of the transistors is greatly increased
during periods that the voltage is being regulated in
10 this manner.

It will be appreciated from the foregoing
that there is a need for an alternative technique for
regulating the electrical output of a solar cell ar-
ray during conditions of increased voltage. This

15 need is especially accute in spacecraft power supply
applications, but is also present in terrestrial
applications in which arrays are subject to wide
temperature fluctuations.

SUMMARY OF THE INVENTION

20 The present invention resides in the use of
an electrically controlled optical device to regulate
the output from a solar cell array having multiple
solar cells. Basically, and in general terms, the ap-
paratus of the invention comprises means for provid-

25 ing control signals indicative of a desired change in
electrical output of the array, and electrically
operated 1light wvalve means installed on selected
cells of the array and operable by the control sig-
nals to control the amount of radiation reaching the

30 selected cells, and therefore the total electrical
output of the array. The means for providing control
signals includes means for monitoring the output
voltage of the solar cell array, means for comparing

Exhibit 1016 (Pt. 2 of 2)
Page 225 of 324



0178757
-3-

the monitored output voltage with a desired reference

value and generating a difference signal, and control

means responsive to the difference signal, to gener-

ate control signals to regulate the output of the
5 array.

More specifically, the light valve means may
take the form of cover panels that include a liquid
crystal element. The control signals are then effec-
tive to 1render the cover panels relatively opaque to

10 at 1least some portion of the solar radiation spec-
trum.

The control means of the invention may be
constructed to provide a plurality of control sig-
nals, the number of which is dependent on the magni-

15 tude of the difference signal. For larger differ-
ences between the actual voltage and the desired
reference voltage, a larger number of control signals
will be generated, each being coupled to separate
cells or groups of cells in the array. Alternative-

20 ly, the 1light valve means is responsive to an analog
signal to provide varying degrees of opagueness, and
the control means then produces a single analog con-
trol signal, the magnitude of which determines the
degree to which all of the 1light valve means are

25 rendered opaque.

Although 1liquid crystal displays provide the
necessary characteristics to function as a 1light
valve, other materials under development may prove to
have superior characteristics. For exaﬁple, a ceram-

30 ic material referred to as PLZT (lead lanthanate zir-
conate titanate) has electrically controllable light
transmission properties.

It will be appreciated from the foregoing
that the present invention represents a significant

35 advance in the field of solar cell arrays. In par-
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ticular, the invention provides an efficient tech-
nigue for modulating the voltage output from a solar
array without bypassing cells in the array. Other
aspects and advantages of the invention will become

5 apparent from the following nore detailed
description, taken in conjunction with the accom-
panying drawings.

BRIErI DESCRIPTION OF THE DRAWINGS

FIGURE 1 1is a simplified schematic diagram
10 of a solar cell array, the voltage output of which is
regulated in accordance with the invention;

FIG. 2 is a graph showing the current-ver-
sus-voltage characteristics of a solar cell array;
and

15 FIG. 3 shows the comparative current-versus-—
voltage characteristics of a typical solar cell hav-
ing a 1liquid crystal display (LCD) light valve in-
stalled and either activated or inactivated.

DESCRIPTION OF THE PREFERRED EMBODIMENT

20 As shown in the drawings for purposes of il-
lustration, the present invention is concerned with a
novel technique for regulating the output voltage of
an array of solar cells. A single solar cell is a
diode of silicon or other semiconductor material,

25 having the property that an electrical current is
generated as a result of the incidence of light on
the cell. A single cell can generate an open-circuit
voltage of about 0.5 volt, i.e. when no load is con-
nected to the cell, and has a short-circuit current

30 of about 50 milliamperes (mA) or less, i.e. the cur-
rent that flows when the output terminals of the cell
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are connected together in a short-circuit condition,
Because the electrical output of a single cell is of
little practical application, cells are typically
connected together in an array having multiple
strings of series-connected cells. Each string has a
combined voltage output of many times that of a
single cell. 1Increased current output is provided by
connecting multiple strings in parallel to form the
array.

Such an array is shown in fragmentary and
diagrammatic form in FIG. 1. Multiple cells, indi~
cated by reference numeral 10, are connected in
series strings 12, which are connected together in
parallel between two output buses 14 and 16. A typ-
ical current-versus-voltage characteristic for an
array is shown in FiG. 2. If the output buses are
open-circuited, the output current is zero and the
output voltage is the open-circuit voltage, which is
indicated as approximately 38 volts. 1If the output
buses are connected together, the output voltage is
zero and the current generated is the short-circuit
current, indicated as Ige. At the short-circuit
current condition, the 1load impedance is zero. If
the 1load impedance is gradually increased, the output
voltage also increases, but the current initially
remains relatively constant, as indicated by the
curve 20. As the voltage approaches its open-circuit
value, the current begins to drop off rapidly.

The characteristic has a limifing operating
point, indicated at 22, at which the output power,
the product of current and voltage, will be at a
maximum., When the array is not electrically loaded,
the open-circuit output voltage will be generated.
As electrical load is added to the array, the voltage
will fall off slightly, and the current will in-
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crease, providing increasing power output from the
array. However, when the maximum power output point
22 is reached, further attempts tc increase the load
will result in significant reduction in the voltage
and the output power. A typical, partly loaded
condition is indicated by the load line 24.

The problem with which the invention is con-
cerned arises because the current-voltage character-
istic 20 changes significantly when the array is at a
lower operating temperature, as when a spacecraft on
which the array is installed has just emerged from a
shadow. The characteristic for such a reduced tem-
perature condition is shown at 20°'. The curve 20'
has the same general shape as curve 20, but the
short-circuit current is reduced and the open-circuit
voltage is increased. Typically, a single solar cell
has a temperature coefficient of 2 millivolts (mv)
per degree C, i.e., the voltage output of the cell
changes by omv for each degree of temperature
change. For a string of a hundred cells exposed to
temperature differences of 200 degrees, the overall
voltage variation can be as high as 40 volts, or a
100-percent variation. Unless the electrical load
can be increased, some means mnust be provided to
regulate this increased voltage down to the normal
level. In the past, this has been done by selec-
tively short-circuiting sub-strings of cells by means
of high-power switching transistors, in which power
must be dissipated. .

In accordance with the invention, selected
cells, indicated at 10', are provided with a light
control valve, to “shadow" these cells from radiation
and thereby reduce the total voltage generated by
each series string 12. Electrically actuated light
valves have been known for some time, but not applied
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to the problem of solar array voltage regulation.
United States ©Pat. No. 2,185,379 to Meyers et al.
discloses an electrically controlled 1light wvalve
proposed for wuse in a projection television system,
5 The use of electric fields to control a diffraction
grating is disclosed in United States Pat, No.
3,813,142 to Buhrer, Moreover, the properties of
liquid crystal cells for use as optical switches in a
general sense is well known. There are many patents
10 and publications concerning liquid crystals and
liquid crystal displays (LCDs). For example, United
States Pat. No. 4,385,799 to Soref and United States
Pat. No. 3,791,716 to Borel et al.
Each of the selected cells 10' includes a
15 cover panel having an electrically controllable ele-
ment, by means of which the transmission of light to
the cell is controlled. Basically, the controllable
element must be able to render the cover panel rela-
tively opaque to radiation over some portion of the
20 spectrum to which the cell is responsive.

One controllable element that satisfies this
requirement is the liquid crystal display (LCD) ele-
ment. As 1is well known, the application of an elec-
tric field to the liquid crystal element results in

25 an arrangement of the crystalline structure that
renders the element relatively opaque and black in
appearance., A suitable LCD element is liquid crystal
Model No. CIN-6-ITC manufactured by UCE 1Inc., of
Norwalk, Connecticut 06855. .

30 FIG. 3 shows how the output characteristic
of a solar cell is effected by activation of the
electrically controllable element. Curve 30 shows

the 1~V characteristic when the LCD element is in-
active and relatively transparent, and curve 32 shows
35 the same characteristic after activation of the ele-
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ment to render it relatively opagque. The output cur-
rent is reduced by about half and the voltage reduced
by a lesser amount. A more ideal light valve element
would effectively collapse the output characteristic
and produce zero output contribution to a string of
cells.

Another possible material for use as a light
valve is an optical ceramic material referred to as
PLZT (lead 1lanthanate zirconate titanate). This and
related materials have been investigated for various
applications, such as in aircraft cockpit windows and
protective eye shields, These ceramic materials can
be controlled to provide good reflectivity proper-
ties, suitable for reflecting incident radiation from
selected solar cells in an array.

In a practical application of the principles
of the invention, each of the selected cells 10' is
connected by control 1lines 40 to a control circuit
42, The control circut 42 receives on line 44 a sig-
nal indicative of the difference between the actual
output voltage of the array and a reference voltage.
The difference signal is provided by a diffenece am-
plifier 46 to which are connected two input lines 48
and 50 carrying signals indicative of the actual and
reference voltages, respectively. The function of
the control «circuit 42 is to produce control signals
on 1lines 40 to “shadow" selected ones of the cells
10'. It will be apreciated that the nature of the
control signals on lines 40 will depend'on the nature
of the light control valve elements used in the cells
10'. If the control valves are binary in nature,
that is either on or off, the control signals will
also be binary and will be distributed in such a
manner as to effect the desired reduction in output
from the array, by actuating an appropriate number of
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the cells 10' in each array string 12. If the con-
trol valves are analog in nature, providing a con-
tinuously variable tranmissivity of light, then the
control signals on line 40 will also be analog sig-
nals, varying the transmissivity of all of the
selected cells 10 by an appropriate amount to regqu-
late the output voltage to its desired level,

One difficulty with selective shadowing of
cells in an array, is that each shadowed cell that
produces no output, or a reduced output, functions as
an electrical locad on the array. If a single cell in
a string is selected for shadowing, the voltage
across the cell can be high enough that significant
power is dissipated in the cell in the form of heat.
This creates a “hot spot®™ in the array, which can
have a significant effect on the mechanical design of
the array. The problem can be minimized by ensuring
that cells selected for shadowing are spaced apart by
no more than some minimum amount in each cell string.

It will be appreciated from the foregoing
that the present invention represents a significant
advance in the field of solar cell arrays. 1In par-
ticular, the invention provides a novel technique for
regulating the electrical output of an array without
using switching transistors to selectively short-cir-
cuit strings of cells. The advantages of the tech-
nique are that it uses a small number of additional
parts, it is 1light in weight, and it consumes very
little power to effect control of the array.

It will be also appreciated that, although a
specific embodiment of the invention has been des-
cribed in detail for purposes of illustration, vari-
ous modifications may be made without departing from
the spirit and scope of the invention. Accordingly,
the invention is not to be limited except as by the
appended claims.
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CLAIMS

1. Apparatus for regulating the electrical
output of a solar celliarray having multiple solar
cells, the apparatus comprising:

means for providing control signals indica-
5 tive of a desired change in electrical output of the
array; and
electrically actunated 1light valve means in-
stalled on selected cells of the array and operable
by the control signals to control the amount of radi-
10 ation reaching the selected cells, and therefore the
total electrical output of the array.

2. apparatus as set forth in claim 1,
wherein the means for providing control signals
includes:

means for monitoring the output voltage of a
5 solar cell array;
means for comparing the monitored output
voltage with a desired reference value and generating
a difference signal; and
control means responsive to the difference
10 signal, to generate the control signals to regulate
the output of the array.

3. apparatus as set forth in claim 1,
wherein:
the electrically actuated light valve means
includes a cell cover panel having a ligquid crystal
5 element switchable between a relatively transparent
condition and a relatively opaque condition.
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4. Apparatus as set forth in eclaim 2,
wherein:
the electrically actuated light valve means
includes a cover panel having a liquid crystal ele-
5 ment switchable between a relatively transparent con-
dition and a relatively opague condition.

5. Apparatus as set forth in claim 1,

wherein:
the electrically actuated light valve means
includes a cover panel of an optical ceramic ma-

5 terial,

6. Apparatus as set forth in claim 2,
wherein:
the electrically actuated light valve means

includes a cover panel of an optical ceramic ma-
5 terial,
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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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PATENT ABSTRACTS OF JAPAN
[UNFORMAL TRANSLATION]

(11) Publication number : 11-103538
(43) Date of publication of application : 13.04.1999

CLAIMS

[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 claims 1-4.
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SOLAR POWER SOURCE WITH MAXIMUM POWER-POINT TRACKING

This invention relates to maximum power point tracking to enable the maximum
extraction of power from solar cell apparatus.

5 With continuing increases in efficiency and decreases in cost of solar cell devices, their
use for providing electrical power is becoming ever more practical. To facilitate the extraction
of the maximum power output, it is desirable to perform maximum power point tracking
(MPPT) for varying levels of irradiance. This can be better understood with reference to
Figure 1, which shows output power versus output voltage curves for a typical photovoltaic

10 (PV) solar cell array operating at a number of different irradiance levels of light impinging on
the array, at an array temperature of 25°C. Note that, for each different irradiance level, there
is only one operating point on the respective curve where the output power from the solar
array is at a maximum. This maximum power point is; marked by a small circle on each of the
curves.

15 One known type of maximum power point tracking employs an active searching
algorithm. If changes in the irradiance level occur slowly or infrequently, a static approach
may be employed whereby the power output at different operating points along a given curve
for a fixed irradiance level is measured until the maximum power point is found. If a more
dynamic approach is desired, to better track quickly changing irradiance levels, additional

20  computational speed and complexity is required.

Two other types of known maximum power point tracking, which are generally simpler
and require less computational speed, utilize a fixed voltage or current approach:
e The fixed voltage approach measures the open-circuit voltage of a solar cell array
and sets the operating voltage of the array at a fixed percentage of the measured

25 voltage. This, however, requires intermittent interruption of the power generation

by the array to take the necessary measurement. Further, the relationship between
the open-circuit voltage and the maximum power point is not perfectly linear.

e The fixed current approach measures the short-circuit current of a solar cell array
and sets the operating current of the array at a fixed percentage of the measured

30 » current. This is generally more accurate than the open-circuit voltage approach, but
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only if there are not substantial variations in the temperature of the array. Also, this
approach still requires intermittent interruption of the power generation.
It is desirable to have a maximum power point measurement approach which is accurate and
can be implemented in a simple and low cost manner without adversely affecting operation of
5  solar cell power generation.

In accordance with the invention, a solar cell power source includes a solar cell array
having a characteristic maximum power point output current that varies substantially with
changes of the irradiance of light impinging on the array, but does not vary substantially with
temperature changes of the array over an operating temperature range of the array. A photo-

10  detector device which produces an output signal that varies with changes in the irradiance of
impinging light is disposed for detecting the irradiance of light impinging on the solar cell
array. A load electrically connected to an output of the solar cell array has an input impedance
which varies in response to the photo-detector output signal to effect drawing from the array
that output current which is characteristic of the maximum power point of the array at the

15  irradiance of the light impinging on the array. With this simple approach, the solar array can
be automatically operated approximately at its maximum power point despite substantial
changes in irradiance and temperature of the array.

The principle of the invention can be better understood by referring to Figures 2 and 3.

Figure 2 illustrates output current versus output voltage curves for thé solar cell array of

20  Figure 1, when operating at a number of different array temperatures and at an irradiance level
of 1000 Watts/m?. The curves for the other irradiance levels shown in Figure 1 are similar, but’
are not included in Figure 2 to keep this figure simple. The maximum power point current for
each of the irradiance levels can be determined from the plot of Figure 3. Note from Figure 2
that while the output voltage produced by the array at the maximum power point (indicated by

25  the small circle on each curve) varies significantly with array temperature, the output current
does not. In fact, the current at the maximum power point varies by less than 1% over the
operating temperature range -25°C to +75°C. For all of the irradiance levels for which curves
are shown in Figure 1, the current at the maximum power point varies by less than 2% over
the operating temperature range -25°C to +75°C. In other words, the maximum power point

30 can be maintained by measuring the solar irradiance of light impinging on the array and loading
the output of the array to draw the corresponding characteristic current indicated on the

current-voltage plot for the particular array in use. For the array having the characteristic
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curves shown in Figure 2, the output current to be drawn to maintain the maximum power
point at an irradiance level of 1000 Watts/m” would be approximately 3.5 amps, as indicated in
Figure 3.

Figure 1 is a plot of the characteristic output power versus output voltage curves for a
particular solar cell array. '

Figure 2 is a plot of the characteristic output current versus output voltage curves for
the solar cell array.

Figure 3 is a plot of the maximum power point current versus irradiance for the solar
cell array.

Figure 4 is a block diagram of an exemplary embodiment of a solar power source in
accordance with the invention.

Figures 5-8 are schematic diagrams illustrating exemplary embodiments of solar power
sources in accordance with the invention.

Figure 4 schematically illustrates an exemplary embodiment of a solar cell power
source in accordance with the invention. This embodiment includes a solar-array module M, a
control circuit C and a load L. The module M includes an array S of solar cells and a photo-
detector P arranged for receiving impinging light radiation. DC power produced by the array
S is made available at output terminals 1,2 of the array. An output signal produced by the
photo-detector P in response to the impinging light radiation is applied to an input of the
control circuit C. The control circuit is also electrically connected to the load L.- The load L -
includes input terminals 3,4 that are electrically connected to the output terminals of the array
and output terminals 5,6 for providing power to a user apparatus. In operation, the control
circuit controls an input impedance of the load L in response to light radiation impinging on
the photo-detector P and the solar array S to draw maximum power from the array, in
accordance with the invention.

In one particularly useful embodiment, the load L is an inverter for converting the DC
power produced by the array to AC power provided at the output terminals 5,6. Figure 5
illustrates one such embodiment as including a solar-array module M, the inverter load L
having a conventional boost converter input section B and a DC-to-AC converter section, and
control circuitry. The control circuitry includes a maximum power point tracker (MPPT), a

difference generator X, an error amplifier A, and a duty cycle ratio controller R.
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The MPPT produces a reference current signal s representative of the average or DC
current that should be drawn from the solar array to achieve the maximum power point at the
irradiance of the array. This is done by sensing the current through the photo-detector P to
detect the irradiance level and producing a reference signal corresponding to the maximum

5  power point current that is characteristic of the array at that level.

This can be achieved with relatively simple circuitry if a photo-diode having a current-
irradiance characteristic that varies with temperature similarly with that of the solar cells in the
array S is employed for the photo-detector P. In fact, for typical silicon solar array a silicon
photo-diode may be utilized which produces a current that is proportional to the maximum

10  power point current of the array itself over the operating temperature range. In this case, a
trans-impedance amplifier which will produce an output voltage that is proportional to the
current through the photo-detector may be used for the MPPT circuitry.

The difference generator X compares the magnitude of the reference current signal L
with a current signal Iy, representing the current from the solar array S. In the exemplary

15  embodiment of Figure 5, the current from the solar array is measured by sensing the current
passing through one of the inputs of the load L. Any difference between these magnitudes is
applied to an input of an error amplifier A, which drives a duty cycle ratio unit R that controls:
the switching of a transistor Q in the boost converter input section B. The unit R produces a
square-wave signal that switches the transistor on and off at a ratio of on time to off time that

20 effects production of an average solar array current Lsoiar equal to the reference current I,
thereby drawing the maximum power from the solar array.

Figure 6 illustrates an embodiment that is similar to that of Figure 5, but which utilizes
peak current control rather than average current control. In this embodiment, cyclical
switching of the transistor Q is controlled by a peak current mode controller PK such that the

25  current drawn from the solar array by the load L is equivalent to the DC maximum power
point current required at the irradiance sensed by the photo-detector P. This is done by
switching the transistor off, during each cycle, at that peak current which results in the desired
average current. The MPPT produces a reference signal I (peak) representative of this peak
current. Controller PK determines when this peak current is reached by comparing the peak

30 magnitude of the sensed solar array current Tsorar With Ie¢ (peak).

Figure 7 illustrates an embodiment similar to that of Figure 5, but employing a MPPT

including a microprocessor [LP. In this embodiment, data representing the maximum power
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point currents for the solar array at a variety of irradiance levels can be stored in one or more
Jook-up tables. The reference current Ir would be looked up by the microprocessor in
response to a sensed array irradiance.
Figure 8 illustrates an embodiment where all of the control functions are included in a
5  MPPT including a microprocessor. This embodiment could be used to replace any or all of
the embodiments of Figures 5-7, and a variety of other embodiments. It could also store the
characteristic data needed to operate a number of different solar arrays at their characteristic
power point currents and to power a number of different loads, thereby providing a universal.
solar power source.
10 While exemplary embodiments of the invention are described, various modifications
and changes can be made without departing from the spirit and scope of the invention. It is
therefore to be understood that the invention includes all embodiments that fall within the

scope of the appended claims.

Exhibit 1016 (Pt. 2 of 2)
Page 251 of 324



WO 2005/069096 PCT/IB2005/050127

6
Claims
What is claimed is:
1. A solar cell power source comprising;:
5 a. a solar cell array (S) having a characteristic maximum power point output current

that varies substantially with changes in irradiance of light impinging on the array, but does not
vary substantially with temperature changes of the array over an operating temperature range;
b. a photo-detector device (P) disposed for detecting the irradiance of light impinging
on the solar cell array, said device producing an output signal that varies with changes of said
10  detected irradiance;
c. a load (L) electrically connected to an output of the solar cell array and which is
controlled in response to the photo-detector output signal to effect drawing from said array
that output curreﬁt which is characteristic of the maximum power point of the array at the

irradiance of the light impinging on the array.

15
2. A solar cell power source as in claim 1 where the load comprises an inverter for converting
DC power produced by the solar cell array to AC power.
3. A solar cell power source comprising:

20 a. a solar cell array (S) having a characteristic maximum power point output current

that varies substantially with changes in irradiance of light impinging on the array, but does not
vary substantially with temperature changes of the array over an operating temperature range;

b. photo-detector device (P) disposed for detecting the irradiance of light impinging on
the solar cell array, said device producing an output current that varies with changes of said

25  detected irradiance;

c. aload (L) electrically connected to an output of the solar cell array and having an
input impedance which varies in response to the photo-detector output current to effect
drawing from said array that output current which is characteristic of the maximum power
point of the array at the irradiance of the light impinging on the array.

30
4. A solar cell power source as in claim 3 where the photo-detector device output current

varies linearly with changes of the detected irradiance.
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5. A solar cell power source comprising;

a. a solar cell array (S) having a characteristic maximum power point output current
that varies substantially with changes in irradiance of light impinging on the array, but does not
vary substantially with temperature changes of the array over an operating temperature range;

5 b. a photo-detector device (P) disposed for detecting the irradiance of light impinging
on the solar cell array, said device producing an output signal that varies with changes of said
detected irradiance;

c. a load (L) electrically connected to an output of the solar cell array and having a
controllable input impedance;

10 d. control circuitry (C) coupled to the photo-detector and to the load for effecting
variation of the input impedance in response to the photo-detector output signal to such that
the load draws from the array that output current which is characteristic of the maximum

power point of the array at the irradiance of the light impinging on the array.

15 6. A solar cell power source as in claim 5 where the control circuitry comprises:

a. a maximum power point tracker (MPPT) responsive to the photo-detector output
signal for producing a reference signal representative of the maximum power point current that
should be drawn from the solar cell array at the detected irradiance;

b. circuitry for cyclically varying the controllable input impedance such that the output

20  current drawn from the array by the load tracks the maximum power point current represented

by the reference signal.

7. A solar cell power source as in claim 6 where the reference signal represents an average
value of the maximum power point current.

25
8. A solar celf power source as in claim 6 where the reference signal represents a peak value

of the maximum power point current.

9. A solar cell power source as in claim 6 where the maximum power point tracker comprises

30  aprocessor.
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10. A solar cell power source as in claim 9 where data representative of the characteristic

maximum power point output currents of the array for different irradiances is stored in at least

one look-up table.
5  11. A solar cell power source as in claim 5 where the control circuitty comprises a processor.

12. A solar cell power source as in claim 11 where data representative of the characteristic
maximum power point output currents of the array for different irradiances is stored in at least
one look-up table.

10
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Description

METHOD FOR COMPENSATING FOR PARTIAL SHADE IN

[1]

[2]

[3]

[4]

[5]

[6]

PHOTOVOLTAIC POWER SYSTEM
Technical Field

The present invention relates to a method for compensating for a partial shade in a
photovoltaic powcr systcm, and more particularly, to a method for compensating for a
partial shade in a photovoltaic power system, in which a constant voltage can be
maintained by supplying an insufficient voltage of a solar cell module in a low solar
radiation, a temporary shutdown of the system can be prevented, and a maximum

power can be generated at a serial-connected array of each solar cell module.

Background Art

Korea established an alternative energy resource development/usage/ distribution
promotion policy for promoting an expanded distribution of new regeneration energy
and supported its development of technology.

Since a solar photovoltaic power generation utilizes a natural energy, many
researches on it have been made for a long time. In recent years, home power
generators are available.,

In such a photovoltaic power generation system, a plurality of solar cell modules
are connected in serial/parallel fashion and are connected to a power conversion
device. The reason is that since a solar cell module alone has a low output voltage of
below 30V, a serial connection of the module and a boost converter are required for
boosting the low output voltage to an input voltage of a grid-tie inverter. A finial
power is obtained by connecting the serial-connected arrays in parallel.

In an output characteristic of each module, however, an operating point of the solar
cell module array is changed depending on solar radiation, temperature, load variation,
etc. Accordingly, in the solar cell, a maximum power point tracking (MPPT) control
method capable of always providing a maximum output should be applied to the
convcrter. Scveral MPPT control algorithms have been studicd. There arc an analog
MPPT algorithm and a digital MPPT algorithm using a microprocessor. In view ol a
control object, the MPPT control algorithms are also classified into an MPPT control
algorithm using a constant voltage control method, a P&O (Perturbation and Ob-
servation Method) MPPT control algorithm, an Inc Cond (Incremental Conductance)
MPPT algorithm, and a current feedback algorithm. Although the conventional MPPT
control algorithms operate well in a high solar radiation, the MPPT control does not
operate well in a low solar radiation. Thus, an amount of power generation is reduced.
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[7]

[8]

[9]

[10]

[11]

[12]

[13]

Accordingly, a lot of improved algorithms have been studied.

Also, in an installation of the photovoltaic power system, considering that the solar
cells are used in places such as general home or places where the installation area is
small, generation power is greatly reduced when the solar cells are connected in series,
because solar radiation is different depending on the shade of the adjacent buildings or
the installation placc. In order to partially solve this problecm, bypass diodes arc
connecled Lo the solar cells. Also, in order (o increase the generation elliciency, MPPT
control algorithm is installed in each module, or a temporary voltage reduction is

compensated using hardware.

Disclosure of Invention

Technical Problem

In order to solve problems of an installation situation and temporary reduction of
power generation, the present invention provides a system that can always supply
maximum power by applying choppers to each module in multi-stage and controlling
power generation of each serial-connected array. Also, the present invention provides
an improved method using an auxiliary circuit to which a digital controller and a
switching topology are applied. By configuring simulation and small-capacity circuit,
efficiency of the compensation for partial shade and low solar radiation can be
increased.

An object of the present invention is to maintain constant voltage and prevent
temporary shutdown by connecting an auxiliary power source to an output terminal of
cach solar ccll modulc and supplying nccessary power through the auxiliary power
source when a low solar radiation is detected by an MPPT controller.

Another object of the present invention is to provide generate maximum output
from the serial-connected array of each solar cell module by connecting in parallel the
solar cell modules of the serial-connected arrays in multi-stages and varying an
operating voltage ratio of the solar cell module by controlling an off duty cycle of each

chopper at the MPPT controller.

Technical Solution

According to an aspect of the present invention, there is provided a method for
compensating for partial shade using a photovoltaic power system, in which a plurality
of serial-connected arrays of solar cell modules are connected in parallel, the arrays are
connected to a converter, and a final power is outputted from the converter, the method
comprising the steps of: connecting an auxiliary power source to each solar cell
modulc; if a low solar radiation is dctccted by an MPPT controller, supplying a
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[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

necessary power through the auxiliary power source at a time, thereby maintaining
constant voltage and preventing a temporarily shutdown; connecting in parallel the
solar cell modules of the serial-connected arrays in multi-stages; andvarying an
operating voltage ratio of the solar cell module by controlling an off duty cycle of each
chopper at the MPPT controller, thereby generating maximum output from the serial-
connccted array of cach solar ccll module.

The auxiliary power source includes: a switch [or performing a swilching operation
according to a control of the MPPT controller; and a capacitor or small-capacity
battery for discharging charged voltage according to the switching of the switch.

The MPPT controller sets a reference voltage (Vref) as a lowest operating voltage
of an MPPT control range of the serial-connected array, increases the reference voltage
(Vref) and detects an output voltage (V(k)) of the serial-connected array. If the output
voltage (V(k)) is greater than the reference voltage, the MPPT controller does not
operate the switch. If the output voltage (V(k)) decreases due to an amount of the solar
radiation or a changc of load aftcr the reference voltage (Vref) increascs to the
maximum, the MPPT controller decreases the reference voltage (Vref).

The MPPT controller alternately switches each chopper.

Advantageous Effects

In the method for compensating for the partial shade in the photovoltaic power
system, multi-stage choppers are applied to every solar cell module, and maximum
power is always supplied at the serial-connected array by controlling power generation
of the serial-connection array of each module. A maximum power point is obtained by
connecting multi-stage choppers in parallel. Therefore, it is possible to compensate for
the partial shade and obtaining constant output by controlling maximum power point

even when the partial shade occurs.

Brief Description of the Drawings

FIG. 1 is a circuit diagram of a generation control circuit according to an
embodiment of the present invention;

FIG. 2 illustrates a switching sequence and a reactor current waveform in a
generation control circuit according to an embodiment of the present invention;

FIG. 3 is a flowchart illustrating a method for compensating for a partial shade in a
photovoltaic power system according to an embodiment of the present invention;

FIG. 4 is a circuit diagram of a power point control circuit according to an
embodiment of the present invention;

FIG. 5 is a current waveform of an inductor and each part in a power point control
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[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

[35]
[36]

circuit according to an embodiment of the present invention;

FIG. 6 is a circuit diagram of a photovoltaic power system to which a method for
compensating for a partial shade is applied;

FIG. 7 is an operation waveform of each part in a rapid change of a solar radiation
in a photovoltaic power system according to an embodiment of the present invention;

FIG. 8 is a tcst circuit of a photovoltaic powcr systcm according to an cmbodiment
of the present invention; and

FIG. 9 is a graph illustrating an output characteristic before and after a control of
each solar cell in a photovoltaic power system according to an embodiment of the

present invention.

Best Mode for Carrying Out the Invention

Hereinafter, the preferred embodiments of the present invention will be described in
detail with reference to the accompanying drawings.

In the embodiments of the present invention, multi-stage chopper is applied to each
solar cell module, and a power generation in a serial-connected array of each module is
controlled, such that a maximum power is always supplied from the serial-connected
array. Also, using an MPPT controller, a maximum output voltage is always supplied.
In this manner, by solving a problem that an output of an entire array is reduced in a
low solar radiation or a partial shade is solved, a maximum power point can be
obtained. Thus, a compensaltion [or the partial shade is possible and a constant output
can be obtained by the control of the maximum power point even at the partial shade.
However, the present invention is not limited to the above-described system, but it will
be apparent to those skilled in the art that various modifications and variations can be
made in the present invention.

First, a shape-compensation MPPT technique will be described below.

FIG. 1 is a circuit diagram of a generation control circuit in which two solar cells
are connected in series. The generation control circuit is provided for solving a
problem of a powcr-gencration unbalanced state. FIG. 2 illustratcs a switching
sequence of swilches SW1 and SW2 and reactor current wavelorm. Here, the
switching sequence controls to alternately operate the switches SW1 and SW2, instead
of turning off them at the same time.

Meanwhile, an off duty cycle of the switches SW1 and SW2 can be obtained by
Equation 1 below.

(Equation 1)

DD,
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[37]

[38]
[39]

[40]
[41]

[42]
[43]

[44]
[45]

[46]
[47]

[48]

[49]

[50]

A relationship between the off duty cycle and an operating voltage of each solar cell

can be expressed as Equations 2 to 6 below.

(Equation 2)
. A
V1:_L dlL V1=_L4
d('it — Tr0rr
ir A
V = L = L
2 dt Ve=L T1orr

(Equation 3)

LA =V Toope= VT 108w

(Equation 4)

TZOFF _ TIOFF
Vl TS 'VZ TS

(Equation 5)

" ViD;=V,D;

(Equation 6)

Vl:Vz = EFZ

It can be seen from Equations 2 to 6 that a ratio (V1:V2) of the operating voltage in
each solar cell can be freely set by changing the off duty cycle of each switch.

Unlike the conventional method, when a low solar radiation is detected in a state
that the MPPT control is not performed, an auxiliary power source configured with a
switch and a capacitor is operated. A large-capacity super capacitor or a small-capacity
battery can be used as the capacitor of the auxiliary power source. By charging as an
input voltage using the voltage charged in the capacitor or the battery, an insufficient
voltage is supplemented for a predetermined time, such that a temporary power
generation is possible.

At this point, after a reference voltage Vref is set as a lowest operating voltage of
the MPPT control range and is increased, an output voltage V(k) is detected. When the
output voltage V(k) is greater than the reference voltage Vref, the switches of the

auxiliary power source do not operate. Instead, when the output voltage V(k) decreases
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[51]

[52]

[53]

[54]

[56]

[57]

[58]

[59]

due to an amount of the solar radiation or a change of load after the reference voltage
Vref increases to the maximum, the reference voltage Vref is reduced.

In other words, the power P(k) and P(k-1) detected by the algorithm are compared
with each other. If the two powers are identical to each other, the MPPT is not
executed. When two powers are different, the power is reduced while following an
array voltage, and an opcration of rcducing the rcference voltage is ¢xccuted. During
this process, the relerence voltage is maintained [or a predetermined time, but the
meaning of the increase/decrease value of the reference voltage Vref is different,
although it is similar to the conventional P&O MPPT.

FIG. 3 is a flowchart illustrating a method for compensating for a partial shade in a
photovoltaic power system according to an embodiment of the present invention.

FIG. 4 is a circuit diagram of a power point control circuit using PSIM according to
an embodiment of the present invention. In FIG. 4, ms_user6.dll is a solar cell model
to which a characteristic of a solar cell is applied, ms_user7.dll is applied for making
an cnvironment where solar radiation varicd with time, and ms_uscr8.dll is an
algorithm program.

FIG. 5 is a current waveform of an inductor and each part in the power point control
circuit according to an embodiment of the present invention. It can be seen that char-
acteristic identical to ideal waveform is obtained.

FIG. 6 is a circuit diagram of a photovoltaic power system to which a method for
compensating for a partial shade is applied. In FIG. 6, there is shown a circuit for
applying an improved IncCon control method.

FIG. 7 is an operation waveform of each part in a rapid change of a solar radiation
in a photovoltaic power systcm according to an cmbodiment of thc present invention.
Compared with the conventional control method, an error in a fast [ollowing speed, an
actual power and a generated power is reduced.

FIG. 8 is a test circuit of the photovoltaic power system according to an
embodiment of the present invention. A solar cell used in the test is GMGO01531, a
characteristic of the solar cell is a rated maximum output of 53 W, an open circuit
voltage of 21.7 V, a short circuit voltage of 3.25 V, a maximum operating voltage of
17.4 V, and a maximum operating current of 3.05 A.

FIG. 9 is a graph illustrating an output characteristic before and after a control of
cach solar ccll in a photovoltaic powcer systcm according to an cmbodiment of the
present invention. Due to a partial shade at PV2 before the control, a current flows
through bypass diode, causing the power generation to be reduced. However, due to
the power point control operation, the amounts of power generation PV1 and PV2 are
identical to each other.

In order to solve the problem of the conventional MPPT control algorithm in that
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[60]

[61]

[62]

[63]

power generation is impossible at a low solar radiation and a response speed is slow at
a rapid change of solar radiation, an improved MPPT control algorithm is proposed.
This method is implemented with a simple structure. A low solar radiation is detected
and the switches of the auxiliary power source connected to the output terminal of the
solar cell is operated. In this manner, an insufficient power is temporarily supplied,
thercby maintaining a constant voltage and preventing a tcmporary shutdown of the
system.

Also, in order to solve a problem in that an output of an entire array is greatly
lowered when a partial shade occurs in the serial/parallel connection of the system, a
maximum power point is obtained by connecting multi-stage choppers in parallel.
Therefore, it is possible to compensate for the partial shade and obtaining constant
output by controlling maximum power point even when the partial shade occurs.

It will be apparent to those skilled in the art that various modifications and
variations can be made in the present invention. Thus, it is intended that the present
invention covers the modifications and variations of this invention provided they come

within the scope of the appended claims and their equivalents.

Industrial Applicability

In the method for compensating for the partial shade in the photovoltaic power
system, multi-stage choppers are applied to every solar cell module, and maximum
power is always supplied at the serial-connected array by controlling power generation
of the serial-connection array of each module. A maximum power point is obtained by
connecting multi-stage choppers in parallel. Therefore, it is possible to compensate for
the partial shade and obtaining constant output by controlling maximum power point

even when the partial shade occurs.

Exhibit 1016 (Pt. 2 of 2)
Page 269 of 324



WO 2005/112551 PCT/KR2005/000863

[1]

[2]

[3]
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Claims
A method for compensating for partial shade using a photovoltaic power system,
in which a plurality of serial-connected arrays of solar cell modules are
connected in parallel, the arrays are connected to a converter, and a final power
is outputted from the converter, the method comprising the steps of:
connecting an auxiliary power source to each solar cell module;
if a low solar radiation is detected by an MPPT controller, supplying a necessary
power through the auxiliary power source at a time, thereby maintaining constant
voltage and preventing a temporarily shutdown;
connecting in parallel the solar cell modules of the serial-connected arrays in
multi-stages; and
varying an operating voltage ratio of the solar cell module by controlling an off
duty cycle of each chopper at the MPPT controller, thereby generating maximum
output from the serial-connected array of each solar cell module.
The method of claim 1, wherein the auxiliary power source includes:
a switch for performing a switching operation according to a control of the
MPPT controller; and
a capacitor or small-capacity battery for discharging charged voltage according
to the switching of the switch.
The method of claim 1, wherein the MPPT controller sets a reference voltlage
(Vref) as a lowest operating voltage of an MPPT control range of the serial-
connected array, increases the reference voltage (Vref) and detects an output
voltage (V(k)) of the serial-connected array,
if the output voltage (V(k)) is greater than the reference voltage, the MPPT
controller does not operate the switch, and
if the output voltage (V(k)) decreases due to an amount of the solar radiation or a
change of load after the reference voltage (Vref) increases to the maximum, the
MPPT controller decrcascs the reference voltage (Vref).
The method of claim 1, wherein the MPPT controller alternately switches each

chopper.
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issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
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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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Title 35, United States Code, Section 184
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the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
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page 3 of 3

Exhibit 1016 (Pt. 2 of 2)
Page 283 of 324



PTO/SB/14 (D7-07)
Approved for use through 06/30/2010. OMB 651-0032
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Under the Paperwork Reduction Act of 1985, no persons are required to respond to a cellection of information unless it contains a valid OMB control number.

Attorney Docket Number 108144-202701/US (TGY027)

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention Systems and Methods for an Enhanced Watchdog in Solar Module Installations

The application data sheet is part of the provisional or nonhprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

Partions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Applicant Information:
Applicant 1

Applicant Authority (®Inventor | ()Legal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Ron HADAR

Residence Information (Select One) () US Residency () Non US Residency () Active US Military Service

City Cupertino State/Province CA Country of Residencei | US

Citizenship under 37 CFR 1.41(b) i IL
Mailing Address of Applicant:

Address 1 10337 Tula Lane

Address 2

City Cupertino State/Province CA

Postal Code 95014 Countryi | US

Applicant 2

Applicant Authority (®Inventor | (OLegal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Shmuel ARDITI

Residence Information (Select One) (¢) US Residency () Non US Residency () Active US Military Service

City Los Gatos State/Province CA Country of Residencei | US

Citizenship under 37 CFR 1.41(b) i us
Mailing Address of Applicant:

Address 1 104 Las Uvas Court

Address 2

City Los Gatos State/Province CA
Postal Code 95032 Countryi | US

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).
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Application Number

Title of Invention Systems and Methods for an Enhanced Watchdog in Solar Module Installations

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 64494
Email Address LAIPMAIL@GTLAW.COM | AddEmail |  [Remove Email

Application Information:

Title of the Invention Systems and Methods for an Enhanced Watchdog in Solar Module Installations
Attorney Docket Number| 108144-202701/US (TGY027) Small Entity Status Claimed
Application Type Nonprovisional

Subject Matter Utility

Suggested Class (if any} Sub Class (if any)

Suggested Technology Center (if any)

Total Number of Drawing Sheets (if any) Suggested Figure for Publication (if any)

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. | hereby request that the attached application not be published under 35

[] U.S.C.122(b)and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).
Enter either Customer Number or complete the Representative Name section below. If both sections

are completed the Customer Number will be used for the Representative Information during processing.

Please Select COne: (s) Customer Number (O US Patent Practitioner (O Limited Recognition (37 CFR 11.9)

Customer Number 64494

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate National Stage
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required by
35US.C. 119(e)or 120, and 37 CFR 1.78{a){2) or CFR 1.78(a)(4), and need not otherwise be made part of the specification.
Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
non provisional of 61275977 2008-08-03
Prior Application Status | Pending
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Additional Domestic Benefit/National Stage Data may be generated within this form
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Foreign Priority Information:
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not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)
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| Remove |
Application Number Country | Parent Filing Date (YYYY-MM-DD} Priority Claimed
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Add button.

Assignee Information:

Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37
of the CFR to have an assignment recorded in the Office.

Assignee 1
If the Assignee is an Organization check here.

Organization Name Tigo Energy

Mailing Address Information:

Address 1 170 Knowles Drive, Suite 203
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City Los Gatos State/Province CA

Country il us Paostal Code 95032

Phone Number Fax Number

Email Address

Additional Assignee Data may be generated within this form by selecting the Add

button. Add

Signature:

A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37
CFR 1.4(d) for the form of the signature.

Signature |/John P. Ward/ Date (YYYY-MM-DD)| 2009-12-01
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Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
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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 informaticn is 35 U.S.C. 2(b)(2); (2) furnishing of the information sclicited is voluntary; and (3) the principal purpcse 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 Cffice 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 Infoermation Act (5 U.5.C. 552) and
the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether

the Freedom of Information Act requires disclosure of these records.

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.

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.

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.5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, ag
a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

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)).

A record 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.S5.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.

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.8.C. 1561. 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 inspections or an issued

patent.

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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SYSTEMS AND METHODS FOR AN ENHANCED WATCHDOG
IN SOLAR MODULE INSTALLATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application 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 disclosures of which
are hereby incorporated herein by reference.

[0002] The following applications are also incorporated herein by reference: U.S. Patent
Application Serial No. 12/366,597, filed February 5, 2009, entitled “APPARATUSES AND
METHODS TO REDUCE SAFETY RISKS ASSOCIATED WITH PHOTOVOLTAIC
SYSTEMS,” and U.S. Patent Application Serial No. 12/411,317, filed March 25, 2009, entitled
“ENHANCED SYSTEM AND METHOD FOR BALANCING SOLAR PANELS IN A
MULTI-PANEL SYSTEM.”

FIELD OF THE TECHNOLOGY
[0003] At least some embodiments of the disclosure relate to photovoltaic systems in

general, and more particularly but not limited to, improving the safety of photovoltaic systems.

BACKGROUND

[0004] First responders, solar array installers, and maintenance personnel operating near
solar arrays can be exposed to dangerous or lethal voltages. The danger can be even higher if
certain wires are disconnected through theft, vandalism, accident, natural forces, or other causes.
To protect first responders, solar array installers, and maintenance personnel, solar arrays can be
turned off in an emergency. However, the systems used to turn off a solar array in an emergency

can also be disabled by the emergency (e.g., fire).
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SUMMARY OF THE DESCRIPTION

[0005] Systems and methods in accordance with the present invention are described herein.
Some embodiments are summarized in this section. The present disclosure relates to systems,
methods, and apparatus for shutting down a photovoltaic energy generating unit when
communication with a central controller is interrupted. In one approach a solar array may include
a watchdog unit able to disconnect a solar module from a power bus, or lower the solar module
voltage to a safe level, when communication from the central controller is interrupted.
Disconnecting the solar module, or lowering the solar module voltage, may be performed by
opening a switchable connection or lowering a duty cycle of the switchable connection. Either of
these operations can be controlled by a controller within the watchdog unit. In an embodiment,
the watchdog unit may lose power or not have access to its primary energy source (¢.g., due to
fire, vandalism, or malfunction, to name a few). In such an instance the watchdog unit may turn
to a backup energy source (e.g., battery or capacitor).

[0006] One aspect of the disclosure is a system comprising a watchdog unit coupled between
a solar module and a power bus. The watchdog unit may be configured to monitor
communication from a central controller. The watchdog unit may also be configured to
determine that the communication is interrupted. The watchdog unit may also be configured to
disconnect the solar module from the power bus when the communication is interrupted.

[0007] Another aspect of the disclosure is a system comprising a watchdog device coupled
between a solar module and a power bus. The watchdog device may be configured to verify
communication with a central controller. The watchdog device may also be configured to
shutdown the solar module if communication with the central controller cannot be verified.
[0008] Another aspect of the disclosure is a computer-implemented method. The method
includes monitoring, via a computing device, a signal from a central controller. The method
includes determining, via the computing device, if the signal has been lost. The method includes
disconnecting, via the computing device, one or more solar modules from a power bus if the
signal has been lost. The method includes determining, via the computing device, if the signal
includes a shutdown command. The method includes disconnecting, via the computing device,
the one or more solar modules from the power bus if the signal includes a shutdown command.

The method includes waiting, via the computing device, for a restart signal. The method includes
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connecting, via the computing device, the one or more solar modules to the power bus when the
restart signal is received.
[0009] Other embodiments and features of the present invention will be apparent from the

accompanying drawings and from the detailed description which follows.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] 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.

[0011] Figure 1 illustrates an embodiment of an energy production system including a
plurality of junction boxes each coupled between a solar module and a power bus.

[0012] Figure 2 illustrates a solar module and a detail view of an embodiment of a junction
box.

[0013] Figure 3 illustrates an embodiment of a junction box.

[0014] Figure 4 illustrates an embodiment of a method of controlling the output of a solar
module.

[0015] Figure 5 illustrates another embodiment of a method of controlling the output of a

solar module.
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DETAILED DESCRIPTION

[0016] 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.

[0017] Solar arrays can be shutdown during an emergency, maintenance, or installation in
order to protect first responders, solar array installers, and maintenance personnel from shock or
electrocution. However, systems used to shutdown a solar array can also be damaged in an
emergency. The systems and methods herein disclosed can shutdown a solar array or lower the
voltages to safe levels even when the solar array is damaged or when an active shutdown signal
is sent to the solar array. Specifically, a watchdog unit is disclosed that monitors communication
from a central controller, and upon interruption of that communication, disconnects a solar
module from a power bus. Alternatively, when communication is interrupted, the watchdog unit
can lower the solar module voltage to a safe level. The systems and methods also describe a
watchdog unit able to receive a shutdown signal, which would allow first responders, solar array
installers, and maintenance personnel to remotely render the solar array safe before approaching
the solar array. In the event that the watchdog unit loses power, backup sources of power are also
described.

[0018] Figure 1 illustrates an embodiment of an energy production system 100 including a
plurality of junction boxes 104 each coupled between a solar module 102 and a power bus 108.
The solar modules 102 generate power from absorbed photons and provide this power to the
power bus 108. The junction boxes 104 control the voltage provided by the solar modules 102 to
the power bus 108. In an embodiment, this is done via control of one or more switchable
connections within the junction boxes 104. Junction boxes 104 can disconnect the solar modules
102 from the power bus 108 or lower the voltage provided to the power bus 108. The junction
boxes 104 may each comprise a watchdog unit. Each watchdog unit can monitor a
communication (or signal) from a central controller 106 via wireless or wired connection. When
the communication is interrupted, each watchdog unit can render its associated solar module 102
safe by disconnecting the solar module 102 from the power bus 108 or by lowering the solar

module 202 voltage to a safe level.
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[0019] Power from the solar modules 102 can be converted to alternating current (AC)
power via an optional inverter 140, and then provided to the power grid, a battery, or other load.
Given a direct current (DC) load, the inverter may be left out. The power bus 108 may be
connected in parallel or series with other power buses in a combiner box (not illustrated) before
the combined power is provided to the inverter 140 or a (DC) load.

[0020] Watchdog units may also be configured to respond to a shutdown signal. Upon
receiving a shutdown signal from the central controller 106, the watchdog units may disconnect
the solar modules 102 from the power bus 108, or they may lower the solar module 102 voltages
to a safe level. The shutdown signal can be automatically generated within the central controller
106 or some other controller in communication with the central controller 106. Alternatively, the
shutdown signal can be manually generated. For instance, a solar array maintenance worker may
push a button connected to the central controller initiating shutdown of all solar modules so that
the worker can do maintenance on the solar array without worrying about shock or electrocution.
[0021] The location of the central controller 106 is non-limiting. The central controller 106
may be remote. The central controller 106 may be a part of a combiner box or inverter 140. The
central controller 106 may be a part of one of the junction boxes 104.

[0022] Although Figure 1 illustrates a junction box 104 for each solar module 102, other
embodiments may have solar modules 102 that are coupled directly to the power bus without a
junction box 104. Furthermore, even where there is a junction box 104 coupled between each
solar module 102 and the power bus 108, there may not be a watchdog unit in every junction box
104.

[0023] A “solar cell” is a photovoltaic device configured to absorb photons and convert them
into electrical energy. A “solar module” is a device that includes at least one or more solar cells,
wherein the solar cells are connected in series or in parallel. The solar cells absorb photons and
convert the photons into electrical energy. A “power bus” is a conductive path connecting one or
more solar modules 102 in series. A “watchdog unit” is a device or software implemented in
hardware configured to monitor a communication from a central controller 106 and shut down,
or disconnect from the power bus 108, a solar module 102 when the communication from the
central controller 106 is interrupted or when a shutdown signal is received. A “signal” is an
electric quantity (voltage or current or field strength) whose modulation represents coded

information.
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[0024] Figure 2 illustrates a solar module 202 and a detail view of an embodiment of a
junction box 204. The junction box 204 may be coupled between a solar module 202 and a
power bus 208. The junction box 204 may include a controller 212 and may include a switchable
connection 216 (or two or more switchable connections 216). The junction box 204 optionally
includes a converter/adaptor 218 and/or optionally includes a diode 220. The junction box 204
may include a watchdog unit 210. The watchdog unit 210 may be configured to monitor a
communication from the central controller 106, determine that the communication has been
interrupted, and disconnect the solar module 202 from the power bus 208 or lower the solar
module 202 voltage to a safe level.

[0025] The watchdog unit 210 may be configured to monitor a communication from the
central controller 106 via a connection 214. The connection 214 can be wired or wireless. For a
wireless communication, the watchdog unit 210 may be implemented in software. For a
communication arriving via a wired connection, the watchdog 210 may be implemented in
hardware. However, the watchdog unit 210 for monitoring the wired communication may also be
implemented in software or in a hardware-software combination. The watchdog unit 210 for
monitoring the wireless communication may also be implemented in hardware or in a
hardware-software combination. The communication can take any form that can be recognized
by the watchdog unit 210. For instance, the communication can be continuous or pulsed, or
periodic or non-periodic.

[0026] There are numerous reasons that communication may be interrupted. For instance, the
central controller 106 may fail to send a communication or the connection 214 (wired or
wireless) between the central controller 106 and the watchdog unit 210 may be severed by fire,
accident, or malfunction, to name a few. Whatever the cause of the interruption (or interrupted
fault), the watchdog unit 210 can determine that the communication has been interrupted. In
response to determining that the communication has been interrupted, the watchdog unit 210 can
render its associated solar module 202 safe by disconnecting the solar module 202 from the
power bus 208 or by lowering the solar module 202 voltage to a safe level. Disconnecting the
solar module 202 can be performed by, for instance, forcing the switchable connection 216 to
operate in an open state. Lowering the solar module 202 voltage to a safe level can be performed

by, for example, lowering the duty cycle of the switchable connection 216.
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[0027] There are numerous ways to determine that a communication has been interrupted.
For instance, given a pulsed communication, the watchdog unit 210 may look for loss of the
pulses. The watchdog unit 210 may also look for an irregular periodicity to the pulses. The
watchdog unit 210 may look for a decrease in the amplitude of the pulses. Whichever one or
more of these the watchdog unit 210 looks for, it will also look to see that the irregular behavior
has surpassed a threshold. For example, irregularity in the periodicity of the pulses may be
identified when less than a threshold number of pulses are received that have an abnormal
period. As another example, an interrupted communication may be one that has dropped below a
certain threshold amplitude. As another example, an interrupted communication may be one that
has been irregular for longer than a threshold period of time. In an embodiment, the watchdog
unit 210 may look for a threshold of irregularity to be surpassed. These limited examples merely
scratch the surface of the numerous qualities or parameters that can be monitored in order to
determine that a communication has been interrupted.

[0028] While the watchdog unit 210 can be triggered by an interrupted communication, it
can also be triggered by an instruction or other affirmative signal. For instance, the same
communication that the watchdog unit 210 monitors for interruption, could also carry an
indication (or instructions) to limit the voltage or disconnect (or shutdown) the solar module 202
from the power bus 208. In other words, the central controller 106 can be configured to transmit
a repeated or continuous communication, but it can also be configured to transmit a
limited-duration shutdown signal. The watchdog unit 210 can monitor the communication for an
interruption or for a shutdown signal. The shutdown signal can be initiated by an automatic
control in or of the central controller 106. The shutdown signal can also be manually initiated.
The manually-initiated shutdown signal may be used by first responders, solar array installers,
and maintenance personnel to remotely render the solar array safe. The manual input can be
connected to the central controller 106 or can be remotely transmitted to the central controller
106.

[0029] The watchdog unit 210 can also be triggered by detecting a fault in: the power bus
208 wiring, wiring internal to the watchdog unit 210, or wiring internal to the junction box 204.
A fault can be detected by comparing relevant voltages, or the absence of voltages between any
one or more of the following: solar modules 202, power buses 208, or ground, to name a few.

For instance, a fault can be detected by comparing relevant voltages, or the absence thereof,
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between the solar module 202 and the power bus 208. In another example, the relevant voltages,
or absence thereof, could be compared between the solar module 202 and the ground.

[0030] As illustrated, the watchdog unit 210 is a part of the junction box 204. Alternatively,
the watchdog unit 210 can be located outside the junction box 204. For instance, the watchdog
unit 210 can be a part of the combiner box, the inverter 140, or any other location downstream
from the junction box 204. The watchdog unit 210 can include any one or more of the following:
the controller 212; one or more switchable connections 216; the converter/adaptor 218; and the
diode 220. The watchdog unit 210 may lose power. For instance, the watchdog unit 210 may
become disconnected from a primary power source (e.g., via fire). In an embodiment, the
primary power source may include, for example, one or more of the following: the solar module
202, the power bus 206, a battery (not illustrated), or a capacitor (not illustrated). For instance,
the watchdog unit 210 may be wired to draw power from either or both of the solar module 202
and the power bus 206. A backup power source can therefore provide the watchdog unit 210
with power when the watchdog unit’s 210 primary power source is not available. In other words,
the watchdog unit 210 can draw energy from a backup energy source when a primary energy
source is not available.

[0031] The junction box 204 may include the controller 212. The controller 212 may monitor
a communication from the central controller 106 via the wired/wireless connection 214. The
wired/wireless connection 214 can also be seen in Figure 1 as the dashed line leading from the
central controller 106 to the solar modules 102. If the communication is interrupted, then the
controller 204 may render the solar module 202 safe by either limiting the solar module 202
voltage or by disconnecting the solar module 202 from the power bus 208. The controller 204
can control the switchable connection 216 via a wired or wireless connection (not illustrated).
The controller 204 can control the duty cycle of the switchable connection 216. Thus, the
controller 204 can control the voltage that the solar module 202 provides to the power bus 208.
The controller 204 can also disconnect the solar module 202 from the power bus 208 by leaving
the switchable connection 216 in an open state. The controller 204 can be implemented in
hardware, software, or a hardware-software combination. The controller 204 may derive
instructions from a storage medium such as a non-volatile storage medium (e.g., electrically

erasable programmable read-only memory (EEPROM), read-only memory (ROM), flash, to
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name a few). This allows the controller 204 to obtain instructions even when power has been
lost.

[0032] The junction box 204 may include the switchable connection 216. The switchable
connection 216 may connect and disconnect the solar module 202 to/from the power bus 208.
The switchable connection 216 may be normally closed. When the switchable connection 216 is
closed, the solar module 202 is connected to the power bus 208, and the entire voltage of the
solar module 202 can be provided to the power bus 208. However, when the switchable
connection 216 is opened, the solar module 202 may be disconnected from the power bus 208
and cannot provide voltage to the power bus 208. By opening and closing the switchable
connection 216 at a particular duty cycle, a portion of the solar module’s 202 voltage can be
provided to the power bus 208, in essence lowering the solar module 202 voltage to a safe level.
The switchable connection 216 can be mechanical or electrical (e.g., transistors). Non-limiting
examples of electrical switches include field-effect transistors (FET), metal-oxide-semiconductor
FETs (MOSFET), and insulated gate bipolar-type transistors (IGBT). The function of the
switchable connection 216 may be carried out elsewhere (e.g., by the inverter 140).

[0033] The junction box 204 may include a converter/adaptor 218. The converter/adapter
218 acts as a local management unit (“LMU”). The LMUSs may be configured to balance
voltages and currents between solar modules 202 and between power buses 208. The
converter/adapter can be implemented serially (as illustrated) or in parallel (not illustrated).
[0034] The junction box 204 may include an optional diode 220. The diode 220 can be
coupled in series with the power bus 208 and coupled in parallel with the solar module 202. The
diode 220 may be forward biased in the direction of the flow of current. As such, the diode 220
can reverse bias the solar module 202, should the solar module 202 stop producing power. The
diode 220 can prevent reversal of the solar module 202 if there are one or more weak solar
modules 202 on the power bus 208. Weak solar modules 202 are those that provide a lower
current than other solar modules 202. The diode 220 may not be desired for an AC configuration
since the diode 220 can rectify an AC power signal and thus reduce the power generated by the
solar module 202.

[0035] Figure 3 illustrates an embodiment of a junction box 304. This embodiment of a
junction box 304 is similar to the junction box 204 illustrated in Figure 2, but with the addition

of optional switchable connections 322, 324 and optional lines 326, 328, 330.
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[0036] The junction box 304 may include a bypass circuit such as the one formed by
switchable connection 322. Since current may have to pass through the solar module 302 in order
to pass downstream on the power bus 308, current may stop flowing in the power bus 308 if the
watchdog unit 310 disconnects one of the solar modules 302 from the power bus 308. A bypass
circuit, using the switchable connection 322, shorts the power bus 308 through the junction box
304 such that current in the power bus 308 can bypass the solar module 302. The switchable
connection 322 may normally be open, but may close when the solar module 302 is disconnected
from the power bus 308. The bypass circuit can be used in combination with a diode 320. The
bypass circuit also allows current to pass through the junction box 304 without having to pass
through the diode 320 or the solar module 302. The switchable connection 322 can be a
mechanical or electronic switch. Non-limiting examples of electronic switches include FETs,
MOSFETs, and IGBTs. The switchable connection 322 may not be desired in a high voltage
System.

[0037] The junction box 304 may include a switchable connection 324, which can be used to
increase the longevity of the solar module 302. The switchable connection 324 may be normally
open. When closed, the switchable connection 324 can short the solar module 302 to itself. This
may be done when the solar module 302 is disconnected from the power bus 308. In doing so,
the solar module 302 can produce current, which may increase the solar module’s 302 longevity.
Shorting the solar module 302 is described in more detail in related U.S. Patent Application
Serial No. 12/542,632, filed August 17, 2009, entitled “SYSTEMS AND METHODS FOR
PREVENTION OF OPEN LOOP DAMAGE DURING OR IMMEDIATELY AFTER
MANUFACTURING,” which is incorporated herein by reference.

[0038] The junction box 304 may include a feed line 326 connecting the solar module 302
and the controller 312. The feed line 326 may be configured to provide the controller 312 with
power when power is lost (e.g., when the controller 312 cannot obtain power from its primary
power source). The junction box 304 may include a line 328 configured to provide power to the
controller 312 from the solar module 302. The junction box 304 may include a line 330
configured provide power to the controller 312 from the power bus 308. The controller 312 may
also be powered by a batter or capacitor (not illustrated).

[0039] Figure 4 illustrates an embodiment of a method of controlling the output of a solar

module. The method 400 may be computer-implemented, and each of the operations discussed
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below can be carried out via a computing device. The method 400 begins by initializing
parameters in an initialize parameters operation 402. System checks are then performed in a
perform system checks operation 404. The method 400 then verifies communication with a
central controller via a verify communication decision 406. If communications with the central
controller are verified, then the method 400 looks for a shutdown signal in a shutdown signal
received decision 408. If a shutdown signal is not received, then the method returns to the
perform system checks operation 404. If a shutdown signal is received, then the method 400
shuts down the solar module in shutdown operation 410. The method 400 then waits for a restart
signal from the central controller in the wait for restart signal operation 412. Once the restart
signal is received, the method returns to the initialize parameters operation 402.

[0040] Turning back to the verify communication decision 406, if communication with the
central controller is not verified, then the method 400 waits to verify communication. If
communication is verified in less than an allowed number of “skips,” as determined by a number
of allowed skips exceeded decision 414, then the method 400 looks for a shutdown signal in the
shutdown decision 408. The method 400 then continues from the shutdown decision 408 as
previously described. However, if communication is not verified by the time the number of skips
is exceeded, as determined by the number of allowed skips exceeded decision 414, then the
method 400 turns to the shutdown operation 410 and shuts the solar module down (disconnects
one or more solar modules from the power bus or lowers one or more solar module voltages to
safe levels). The method 400 then continues from the shutdown operation 410 as previously
described.

[0041] The method 400 begins with the initialize parameters operation 402. Parameters are
used in the perform system checks operation 404, as reference points for the system checks.
Parameters can thus include values describing any of the systems or devices that the perform
system checks operation 404 may look at. For instance, the types of wiring, proper voltages in
the wires, proper currents in transistors, expected signals from the central controller, number of
allowed skips, what the shutdown signal looks like, and how much time can elapse before an
irregular signal is considered interrupted are just some of the parameters that can be used.
Parameters can be stored in a storage medium, preferably a non-volatile storage medium such as
electrically erasable programmable read-only memory (EEPROM), read-only memory (ROM),
and flash.
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[0042] The method 400 then performs system checks in the perform operation 404. System
checks compare the parameters to measured values. Some non-limiting examples of things that
can be measured include, types of wiring, voltages in the wires, currents in transistors, signals
from the central controller, number of skips, the shutdown signal, and elapsed time of interrupted
signals, to name a few. For instance, a parameter initialized in the initialize operation 402 may
indicate that the voltage produced by the panel should be around 30V plus or minus 5V. If the
system check finds the voltage to be 29V, then everything is acceptable. However, if the voltage
were 24V or any other value below 25V, then the system check might provide a warning to the
central controller or take some other remedial action.

[0043] Once system checks have been performed, the method 400 tries to verify
communication with the central controller in the verify decision 406. Verifying communication
includes monitoring a communication from the central controller and ensuring that there are no
problems with the communication. For instance, ensuring that the voltage of the communication
is above a certain threshold (e.g., within 10% of maximum power), ensuring that a certain
number of pulses are received within a certain period of time (e.g., at least one hundred pulses
per second), or ensuring that communication is not lost for longer than a threshold period of time
(e.g., communication is not verified if lost for more than three seconds), to name a few. In an
embodiment, verifying communication can include receiving a communication within a set time
from when a last communication was received. For instance, if communications are supposed to
be received every two seconds, and there is a three second gap between receipt of two
consecutive communications, the method 400 may determine that communication has not been
verified. The signal or communication from the central controller can be transmitted via wireless
or wired means. In an embodiment, verifying communication can be an active rather than passive
operation. For example, a signal such as a challenge can be sent to the central controller, and the
communication is not verified until a response is received.

[0044] If communication is verified, then the method 400 determines if a shutdown signal
has been received in the shutdown signal received operation 408. A shutdown signal can replace
the signal that is being monitored. Alternatively, the shutdown signal can be overlaid or
multiplexed onto the signal being monitored. The shutdown signal can be initiated by automatic
means, such as a fire alarm. The shutdown signal can be initiated by manual means, such as a

fireman pushing an emergency shutdown button at the breaker box on a house that is burning.
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[0045] If the shutdown signal is not received, then the method 400 can loop back to the
perform system checks operation 402 as illustrated. Alternatively, the method 400 can continue
to verify communication with the central controller via the verify decision 406. If the shutdown
signal is received, then the method 400 shuts the solar module down in the shutdown operation
410. Shutdown may include using a watchdog and/or switchable connection to disconnect the
solar module from the power bus. Shutdown may include using a watchdog and/or switchable
connection to lower the solar module voltage to a safe level.

[0046] After shutdown, the method 400 waits for a restart signal. The restart signal is a
signal from the central controller that is transmitted via the same wireless or wired means that
communicates the originally monitored signal. The restart signal may be automatically
transmitted when certain conditions are met or may be manually initiated. For instance, at the
end of a fire or after a home has been fixed after a fire, maintenance personnel may flip a manual
switch near the fuse box to initiate the restart signal. In an embodiment where the system is
running off of a limited backup power source, the backup power source may run down while the
method 400 waits for the restart signal. In this case, the method 400 can initiate a full shutdown.
The full shutdown may include turning off all systems which are still operational. When the
restart signal is received, the method 400 can loop back to the initialize parameters operation
402.

[0047] Returning now to the verify communication decision 406, if communication with the
central controller cannot be verified, then the method 400 may continue trying to verify
communication until a threshold is surpassed. This continued attempt to verify takes place via
the number of skips allowed decision 414. Skips refers to the event of missing a communication
or pulse. If a communication or pulse should be received every second, but one pulse is not
received, then a skip has occurred. For example, if a communication or pulse is not received for
five seconds, then four skips have occurred. Additionally, the threshold can take many forms.
For instance, the threshold can be a number of skips. The threshold can be a time period in which
communication cannot be verified. The threshold can be a number of missed pulses or a number
of pulses having less-than-expected amplitude. These are just a few non-limiting examples of the
plethora of thresholds that can be used in the number of allowed skips decision 414. The
threshold values can be extracted from or read from a storage medium. The storage medium can

be the same one that stores parameters, or it can be a separate storage medium. In either case,
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non-volatile memory can be used so that the threshold values can still be accessed even after
power is lost.

[0048] When the threshold is surpassed (or number of skips is exceeded) the method 400
moves to the shutdown and wait operations 410, 412. However, if the threshold is not surpassed
(e.g., communication with the central controller is lost, but resumes before the threshold is
surpassed), then the method 400 determines if the communication (or signal) includes a
shutdown signal via the shutdown decision 408.

[0049] One skilled in the art will recognize that the order of operations of the method 400
can be varied without departing from the spirit of the disclosure. At the bare minimum the
method 400 requires the verify communication decision 406 along with the shutdown operation
410. Thus, in the broadest sense, the method 400 is about monitoring communication from the
central controller, verifying the communication, and shutting the solar module down when the
communication cannot be verified. Any one or more of the other operations and decisions can be
added to this basic set of decision 406 and operation 410. As for different orders of operation, the
method 400 can look for the shutdown signal via the shutdown decision 408 concurrently with
the verify decision 406 or before the verify decision 406. The number of allowed skips exceeded
decision 414 may also operate before, after, or concurrently with the shutdown decision 408.
Furthermore, once a restart signal has been received, the method 400 may loop back to the verify
decision 406 rather than the initialize and perform operations 402, 404.

[0050] Figure 5 illustrates another embodiment of a method of controlling the output of a
solar module. The method 500 may be computer-implemented, and each of the operations
discussed below can be carried out via a computing device. The method 500 monitors a signal
from a central controller in a monitor operation 502. The method 500 determines if the signal has
been lost via a signal lost decision 504. If the signal is lost, then one or more solar modules are
disconnected from a power bus via a disconnect operation 508. Disconnect means that a
switchable connection has a reduced duty cycle such that the voltage provided to the power bus
by the solar module is reduced. In an embodiment, the switchable connection can have a duty
cycle of 0%, always open, such that no voltage is provided to the power bus. The method 500
may also determine if the signal includes a shutdown signal via a shutdown signal received
decision 506. If the signal includes a shutdown signal, then the method 500 disconnects one or

more solar modules from the power bus via the disconnect operation 508. If a shutdown signal is
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not received, then the method 500 continues to monitor the signal from the central controller via
the monitor operation 502. When the one or more solar modules are disconnected from the
power bus, the method 500 may optionally enable a bypass circuit via an enable bypass circuit
operation 510. The bypass circuit allows current to continue to flow in the power bus when the
one or more solar modules are disconnected from the power bus. The method 500 may then wait
for a restart signal via a wait operation 512. The method 500 continues to wait for the restart
signal until the restart signal is received or until a backup power source (e.g., battery or
capacitor) runs out, assuming the primary power source is not available. If the backup power
source runs out, then the method 500 initiates a full shutdown. If the restart signal is received,
then the method 500 can connect the one or more solar modules to the power bus via a connect
operation 516.

[0051] By lost signal, it is meant that the signal amplitude is not great enough to surpass an
amplitude threshold or that the signal has become so irregular as to surpass an irregularity
threshold. For instance, if only ten out of a hundred pulses have been received (assuming a
pulsed signal), then the signal may be considered lost.

[0052] In an embodiment, watchdog units can be coupled between each solar module and the
power bus. The watchdog units can be configured to monitor a signal from a central controller
and disconnect the solar modules from the power bus if the signal is lost or if the signal includes
a shutdown signal. However, there may not be a watchdog unit for each solar module. In such an
embodiment, solar modules that are not coupled to a watchdog unit may not be disconnected
from the power bus.

[0053] Disconnecting one solar module from the power bus may include a complete
disconnection, as for example performed via the opening of a mechanical or electronic switch.
However, disconnecting can also include lowering the voltage (e.g., lowering a duty cycle of a
switch). One skilled in the art will recognize that the order of operations of the method 500 can
be varied without departing from the spirit of the disclosure.

[0054] It is clear that many modifications and variations of these embodiments may be made
by one skilled in the art without departing from the spirit of the novel art of this disclosure. For
example, instead of including the watchdog units with the junction boxes, the watchdog units can
be a part of local management units (LMU’s) that are also responsible for balancing the currents

between solar modules in a power bus and are responsible for balancing the voltages between
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power buses in a solar array. These modifications and variations do not depart from the broader
spirit and scope of the invention, and the examples cited herein 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 watchdog unit coupled between a solar module and a power bus and configured to:
monitor a communication from a central controller;
determine that the communication is interrupted; and
disconnect the solar module from the power bus when the communication is

interrupted.

2. The system of claim 1, further comprising a switchable connection configured to

disconnect the solar module from the power bus.

3. The system of claim 2, wherein the switchable connection is controlled by a controller.
4. The system of claim 3, further comprising a feed line from the solar module to the
controller, and configured to provide the controller with power from the solar module when a

primary power source is unavailable.

5. The system of claim 1, further comprising a bypass circuit configured to enable current in

the power bus to bypass the solar module.

6. The system of claim 1, further comprising a backup power source configured to provide

the watchdog unit with power when a primary power source is unavailable.

7. The system of claim 1, wherein the communication is interrupted when a threshold of

irregularity is surpassed.

8. The system of claim 1, wherein the communication is interrupted when the central

controller fails to send a communication.
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9. The system of claim 1, wherein the watchdog unit resides in a junction box.

10.  The system of claim 1, further configured to disconnect the solar module from the power

bus when the watchdog unit receives a shutdown signal.

11.  The system of claim 1, wherein the watchdog unit wirelessly communicates with the

central controller.

12. A system comprising:
a watchdog device coupled between a solar module and a power bus, the watchdog
device configured to:
verify communication with a central controller; and
shutdown the solar module if communication with the central controller cannot be

verified.

13.  The system of claim 12, wherein to shutdown the solar module entails disconnecting the

solar module from the power bus.
14.  The system of claim 12, wherein to verify communication:
a challenge is sent to the central controller; and

a response to the challenge is received.

15.  The system of claim 12, wherein to verify communication, a communication is received

within a set time from when a last communication was received.

16.  The system of claim 12, further configured to shutdown the solar module if a shutdown

signal is received.

17.  The system of claim 12, further configured to wait for a restart signal.
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18.  The system of claim 12, further configured to draw energy from a backup energy source

when a primary energy source is not available.

19. A computer-implemented method comprising:

monitoring, via a computing device, a signal from a central controller;

determining, via the computing device, if the signal has been lost;

disconnecting, via the computing device, one or more solar modules from a power bus if
the signal has been lost;

determining, via the computing device, if the signal includes a shutdown command;

disconnecting, via the computing device, the one or more solar modules from the power
bus if the signal includes a shutdown command;

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

Systems and methods are disclosed for automatically or remotely rendering a solar array safe
during an emergency or maintenance. A watchdog unit is disclosed for monitoring a signal from a
central controller. If the signal is lost, interrupted, or becomes irregular, or if a shutdown signal is
received, then the watchdog unit can shutdown one or more solar modules. Shutting down a solar
module can mean disconnecting it from a power bus of the solar array or lowering the solar

module voltage to a safe level.
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UNITED STATES PATENT APPLICATION
COMBINED DECLARATION AND POWER OF ATTORNEY

As a below named inventor I hereby declare that: my residence, post office address and
citizenship are as stated below next to my name; that

I verily believe I am the original, first and joint inventor of the subject matter which is claimed
and for which a patent is sought on the invention entitled:

SYSTEMS AND METHODS FOR AN ENHANCED WATCHDOG IN SOLAR MODULE
INSTALLATIONS

The specification of which

a. [{ is attached hereto

b. [] was filed on , as Application Serial no. , which I have reviewed and for which I
solicit a United States patent.

I hereby state that I have reviewed and understand the contents of the above-identified specification,
including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information which is material to the patentability of this application in
accordance with Title 37, Code of Federal Regulations, § 1.56.

1 hereby claim foreign priority benefits under Title 35, United States Code, § 119/365 of any foreign
application(s) for patent or inventor’s certificate listed below and have also identified below any foreign
application for patent or inventor’s certificate having a filing date before that of the application on the
basis of which priority is claimed:

a. X no such applications have been filed.
b. [] such applications have been filed as follows:

FOREIGN APPLICATION(S), IF ANY, CLAIMING PRIORITY UNDER 35 USC § 119

COUNTRY | APPLICATION NUMBER | DATE OF FILING DATE OF ISSUE
(day, month, year) (day, month, year)

ALL FOREIGN APPLICATION(S), IF ANY, FILED BEFORE THE PRIORITY APPLICATION(S)

COUNTRY | APPLICATION NUMBER | DATE OF FILING DATE OF ISSUE
(day, month, year) (day, month, year)

I hereby claim the benefit under Title 35, United States Code, § 120/365 of any United States and PCT
international application(s) listed below and, insofar as the subject matter of each of the claims of this
application is not disclosed in the prior United States application in the manner provided by the first
paragraph of Title 35, United States Code, § 112, I acknowledge the duty to disclose to the Office all
information known which is material to patentability as defined in Title 37, Code of Federal Regulations,
§ 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.

Page 1 of 3

Exhibit 1016 (Pt. 2 of 2)
Page 316 of 324



Docket No. 108144-202701/US (TGY027)

a. X no such applications have been filed.
b. ] such applications have been filed as follows:

For Continuation-in-Part (CIP) Applications, complete

U.S. APPLICATION NUMBER DATE OF FILING STATUS
(day, month, year) (patented, pending, abandoned)

I hereby claim the benefit under Title 35, United States Code § 119(e) of any United States provisional
application(s) listed below:

a. ] no such applications have been filed.
b. X such applications have been filed as follows:

U.S. PROVISIONAL APPLICATION NUMBER DATE OF FILING (Day, Month, Year)
61/275,977 3 September 2009
61/276,753 16 September 2009

I hereby appoint all attorneys and/or patent agents associated with the following customer number,
to prosecute this application and to transact all business in the Patent and Trademark Office and
before competent International Authorities including the World Intellectual Property
Organization, connected herewith:

Customer Number 64494

I hereby authorize them to act and rely on instructions from and communicate directly with the
person/assignee/attorney/firm/ organization who/which first sends/sent this case to them and by
whom/which I hereby declare that I have consented after full disclosure to be represented unless/until 1
instruct Greenberg Traurig, LLP to the contrary.

Please direct all correspondence in this case to Greenberg Traurig, LLP at the customer number indicated
below:

Customer Number 64494

Phone: 650-328-8500
Fax: 650-328-8508
svip@gtlaw.com

I 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 Section 1001 of Title 18 of the United States Code and that such willful false statements
may jeopardize the validity of the application or any patent issued thereon.
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