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A MICRO INVERTER FOR A SOLAR PANEL

FIELD
The present invention relates to a micro inverter for a solar panel, particularly though not solely

to a method of diagnostics.

BACKGROUND

Building integrated solar panels are usually mounted on the roof of a building and méy be
connected to a battery bank or directly to the grid-. Each panel produces a DC output at around
30-50V and a current which varies considerably depending on the level of radiation and/or

shading. Such solar panels may also be used in a solar farm.

Connecting the DC output of the panels to the AC network within the installation in a cost
effective manner remains a ‘challenge. One method is to connect a number of the panels in series
to generaté a high DC voltage 300-600V. This can then be chopped directly into AC by a
. centralized inverter. A second option is a micro inverter whlch boosts the DC voltage of

1nd1v1dua1 panels above the AC line peak voltage and then converts it'to AC.

vCentral inverters may be cheaper in high power installations but have lowef output in some
sceriarids. If a single panel is shadéd it affects the whole stﬁng, and the inverter is only able to
optimise the load matching for the entire string in some scenarios. Prior art micro inverters may
be more expensive in some scenarios but may improve the overall efficiency, as they are able to
load match for each individual panel. However in residential installations pﬁor art micro
inverters may be cheaper than central inverters. Also 1 mlcro inverters potent1a11y have a h1gher

maintenance cost, due to the higher number of discrete hardware devices.

SUMMARY '
In general terms the invention proposes a micro inverter for a solar panel which regularly runs a
self-diagnostic when output is low. This may have the advantage that the high wear components.

which significantly affect yield can be replaced in a timely manner.

In a first specific expression of the invention there is provided a micro invertér for a respective
solar panel comprising
a communications module configured to connect to a central server;
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a plurality of sensors to collect inverter performance data and/or environmental data; and
a controller or processor configured to determine from the data any fault or imminent fault

conditions and to communicate the respective condition to a relevant party via the central server.

The fault or imminent fault conditions may be selected from the group consisting of reduced

capacitor capacity, PV panel health, transformer fault, transistor fault.

In some embodimepts, the controller is further configured to communicate the inverter
performance data and/or environmental data to the central server. The inverter performance data
may comprise yield of the panel and inverter, the inverter power supply voltages, the energy
produced, the low cut-off voltage, voltage harmonics, the panel position, shading compared to
time or season, the rippie of the PV voltage, grid voltage and distortion, and grid load
impedance. The environmental data may comprise solar energy, rainfall, humidity, temperature,

wind speed, wind direction, pollution level, and seismic activity. -

In some embodiments, the controller is cdnﬁgured to determine whether to and/or what value of

""a DC component to inject into an AC output signal.

The controller may be configured to determine the conversion ability or conversion yield of the

" inverter or of a portion of the inverter.
. The controller may be configured to determine a grid impedance or a gﬁd connection quality.

" In a second specific expression of the invention there is vprox}ided a central controller comprising

central storage  or memory, configured to store inverter performance data and/or
énvironmental data for a pluralityrof networked inverters according to location, model, date.
and/or installation characteristics ; .

a central communications module configured to interrogate respective micro inverters;
and ' |

a central controller or processor configured to:

~ determine an estimated yield for a specific inverter,

determine from the inverter perfoﬁnance data aﬁd/or environmental data whether
the inverter has any installation defects, féult or immin_eﬁt fault conditions, and/or

determine whether to initiate and action requests for relevant parties.
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The the controller may be further configured to estimate the yield of a potential installation based

_ on a selected installation size, geographic location, and/or installation configuration.

BRIEF DESCRIPTION OF THE DRAWINGS
One or more embodiments will be described, by way of non-limiting example only, with -
reference to the dra\;vings, in which: . ‘

Figure 1 is an electricgl diagram of an exemplary system of networked micro inverters;

Figure 2 is a communications diagram of the exemblary system;

Figure 3 is a circuit diagram of a micro inverter of the system of Figures 1 and 2;

. Figure 4 are graphs of the AC voltage,and current during grid impedance measurement;

Figure 5 is a flow diagram of a method of testing electrolytié capacitors of the micro inverter of
Figure 3; » |

Figure 6isa gfaph showing the determination of a faulty capacitor; | »

Figure 7 is a flow diagram of an exemplary method of diagnostics fdr main storage capacitors of
the micro inverter;

| Figure 8 is a flow diagram of a measure subroutme of the method of F1gure 7

Figure 9 is a flow diagram of a main dlagnostlc process

Figure 10 is a schematic drawing of a rain sensor; and

- Figure 11 is a 01rcu1t dlagram of a DC to AC H-bridge 1nverter circuit of the micro inverter of

Figure 3.

DETAILED DESCRIPTION '

A number of factors can significantly reduce the yield of a solar panel. For example, incorrect
positioning or orientation, dirt or dust on the glass, or performance degradation of electronic
components such as the storage capacitors can adversely. affect yield. The positioning and -
orientation relies on the skill, experience and knowledge of the installer. However on-going
issues such as cleaning and component replacement may only be resolved duﬁng scheduled
maintenance. As a result the “soft costs” of solar panel ownership are becoming far more

significant, as the “hard costs” of the hardware continues to drop.

In the current market, manufacturers are typically striving for even small fractions of a percent
increase in efficiency. It-niay be desirable to reduce, or avoid all together, the need to rely on the
installer’s skill, and/or to reduce the maintenance cost.

3
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According to the installation 100 shown in Figure 1, panels 102 are mounted together in an
array, each panel 102 being electrically connected with DC connectors 104 to a corresponding
micro inverter 106. Each micro inverter 106 is coupled to an AC bus 108, which connects via

isolators 110 and leak switches 112 to the grid 114.

As shown in Figure 2 each micro inverter 106 "ifs'iconnected via a data cable 202 or power modem
to a multiplexer 204. In a large installation there may be multiple multiplexers. The multiplexeré
204 are respectively c‘onnected via a mbdem web client 206, to a central server 208. Each micro
- inverter 106 and multiplexer 204 includes sensors and/or memory to allow the collection of data. |

The data may be processed locally and/or communicated to the central server 208.

Diagnostics may be carried out by the micro inverter 106, multiplexer 204 and/or central server
208. As such each of these components hés‘ storage, a processor and -associated electronics
capable of carrying out the diagnostic methods described below. The diagnostics may include
checking parametérs that could influence the working behaviour of the. array 100. The grid
voltage and distortion, grid lbéd impedance, the local temperature, the PV condition or wear out
(aging), the status or regression of the E-caps or other hardware components are examples of
parameters which may be used to assess performance. Typically the measured performance can

be compared to historical data or to predetei‘mined operating ranges.

In low light times, when the energy is too low to be harvested, the low output can be safely used
for evaluating the status of the main hardware components‘ like transformers, capacitors and
'transistors. This will allow feedback information of status and/or aéing of those vital
components. It may alloW improvement in the design of further product generations and can be
. used to initiate a service céﬂ for a unit before it fails, or before a more significant fault occurs.
This méy avoid the damage to the components that might o.ccu'f if the tests were done usiﬁg high

- output power and/or may minimise any reduction in operational efficiency due to diagnostics.

The micro inverter 106 is shown in more detail in Figure 3. The DC input\from the panél 102 is
buffered on a series of electrolytic capacitors 302. A buck boost converter 304 converts the DC
voltage to a higher level,. synchronously ﬂuctuating according the AC grid phase voltage, for
exé.mple at a top value of 400V DC. The high DC voltage is smoothened by a DC filter bank
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306. The smooth DC voltage is then converted to an AC voltage by a DC to AC H-bridge
inverter circuit 308 and provided to the grid 114. '

An example of the DC to AC H-bridge inverter circuit 308 is shown in Figure 1v1. The micro
inverter processor receives signals from the DC voltage and current sensors 312 and the DC
voltage and current sensors 310. ‘The microprocessor uses the V&I measurements to génerate
drive signals for the buck boost conveftér 304 and the 4‘tfanvsist0rs in the inverter circuit 308.
The type of modulatig)n ofthe drive signals and the control strategy can be selected aécording to

- the application and/or requirements.

The electrolytic capacitors 302 have a relatively large power capacity, so it may be relatively
risky to test them with the panel 102 at full power duﬁﬁg daylight hours. Thus sunset or sunrise
is a safer time to test, with the additional advantage that the testing does not impact the supply of

power.

A method 500 of testing the electrolytic capaéitors 302 is shown in Figure 5. First a short circuit
transistor is closed to discharge 502 the caf)acitor. Then the transistor is opened to allow the
capacitor to charge 504 from the panel 102. The load curve 600 is then measured 504, as shown
in Figure 6. If the time to charge is slow 602 this indicates a good capacitance, whereas a fast

time 604 indicates a low capacitance, indicating that replacement of the capacitor is required.

Similarly various tests can be applied to the panel 102. For example the open circuit voltage, and
short circuit current can be compared to the panel specifications, and compared to the open
circuit voltage and short circuit current of the other panels at the same time. This can be done

first statically and then dynamically.

Figure 7 is a flow diagram sho{ng a sequence 700 of diagnostic tests. The panel 102 voltage is
meésured at open circuit 702. The électrolytic capacitor 302 is tested with burst discharging 704. -
The left MOSFET is switched on 706 and the measure subroutine 708 is executed. The right
- MOSEFET is also switched on 710 and the measure subroutine 708 is executed again. Then the
left MOSFET is switched off 712 and the measure subroutine 708 is executed again. A timer is
started and the right MOSFET is switched on 714. '
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The measure subroutine 708 is shown in Figure 8. The panel 102 short circuit current is

measured 802. The panel 102 voltage is measured 804. The data is then stored 806.

The PV DC voltage is measured until it reaches 2/3 of the open circuit value, at which point the

timer is stopped and the value stored 716. A lookup table is used te compare the timer value

against aeceptable \_}alues. The sequence 700 can be run at set times of the day, such as sunrise or
| sﬁnsef, or at ad hoc times if the radiation level drops (for example due te cloud), to allow a eafe

measurement.

The panels are almost ideal current sources. So by measuring the open voltage 702 and the short
circuit current 802 it is possible to measure the capacitance of the electrolytic capaeitor with very
high accuracy. The short circuit is switched off and clock pulses are counted till the voltage is
two thirds of the open voltage. While the short circuit is still enabled it is possible to measure
the voltage drop and the current at the same time (the rest resistance of the switching transistors).
By alternatihg using the left and the right side of the inverter a quality record of the primary side
main components can be generated, this being useful to compare to previously generated quality

records and to look for degradation.

If short bursts of high power are sent at a certain beginning of the AC grid cycle it is possible to
monitor the conversion ability of the sum or the separate left and right sides. This gives a
general diagnosis of all the components, which can be used to determine whether more detailed
diagnosis is required on individual components. The conversion a;bility or conversion yield is
measured as the ratio of the voltage across the PV capacitor (which acts as a constant voltage-

source for this short time) to the peak current.

: Figﬁre 9 showé a flow diagram of a diagnostic process. At block 902 the panel 102 open circuit
voltage is measured. The complete AC level (the trigger level according to the cherge of the
capacitors) is set 904. The grid AC voltage is checked to see if it has stabilised 906. A burst (a
short sequence of power pulses as shown in Figure 4 at the (AC) grid) is triggered 908. The AC
current sensor 310 is sampled 910. Then sequence 906, 908, 910 is repeated 912 for the other

chanhel,— for example the left or right channel, or simultaneously for both channels.

If the voltage of the grid is sampled before and just after the pulse, it is possible to evaluate the

resistance of the grid, or in other words, to measure the quality of the grid connection.
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Consolidated data may be useful for electricity distribution companies to design a model of the

consolidated effect of building integrated solar installations for their network simulations.

In an installation with multiple panels that are able to perform intelligent diagnoses, each panel
can be allocated a quality coefficient. The coefficient can be compared in real time to indicate
the status of each panel. So if a panel is underperforming it will immediately show up as being

out of step with the other panels in the installation.

By repeating this exercise, on the equivalent current diagram, the quality of the left assembly to
the right assembly of transistor and primary transformer can be compared. This will also provide
an indication of the secondary loading health. The panél and connectors are also part of this

circuit, and it may also be possible to evaluate the contact quality of the connectors.

It may be useful for remote measurement of the yield of the panel and inverter, the inverter
power supply voltages, the p‘ower‘ and energy produced the low cut-off voltage, the harmonics
generated, and the panel position annex shading in function of daytime or season, the ripple of

the PV voltage.

Comparison of the measured data may be done in the multiplexer. Evaluation of the measured

data may be done in the web client or at the central server.

This may allow the manufacturer to identifying problems in batches of panels. For example, if it
is observed in the measured data that one batch consistently malfunctions when installed where it
‘will encounter over 300W for more than 2 hours, this observation can then be used proactively, '

for example to avoid installing that batch in super high radiation locations.

Aging of components is very temperaturer dependent. Cooling is proportional with airstream.
Cold humid air has more heat capacitance. The heat capacitance of the micro inverter is very
large, such that it takes more than two hours to settle in indoor conditions. Now we are able to
throttle the power, even if there is more power available. So if local conditions are so that
extreme conditions are encountered only sporadically it could be better to oversize the panel oﬁ
the inverter. This ‘may give a better yearly performance than trying to match the inverter

maximum-load to a panel.
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In the extreme conditions it is also possible to dynamically throttle the inverter depending on
additional factors such as the initial inverter temperature, as this may affect the time period for
which it can cope with overload conditions. This can be used to avoid local powef over load and
over temp inverter core. This may be used- in combination with the inverter heat capacitance to

start the process before the temperature can overshoot.

If there is a need for a‘certai;n' option, out of the statisrticsrwe are able to evaluate the priority and
payback time for thig option in view of the amount of times it is really needed. For example the
customer could provide the exact geographic locafion, orientation and layout of the installation.
The system can then determine a very accurate yield estimate based on the historical local
weather conditions at that exact geographic location, using that orientation and layout. This
would allow customers to be more realistic about the payback time and compare different
orientations and layouts. Once installed the yield can be compared against expected yield for that
location, and if there is any significant deviation, the installer can be given detailed instrﬁctions

as to what needs correction.

Sometimes micro inverters can introduce a DC current injection into the grid. By controlling
ihdividual inverters within an installation to inject an opposite DC current the installation can
_ compensate and‘present an overall zero DC current injection. The DC current may be measured
at regulaf intervals, such as every minute. Tt can aAlsoy be filtered out of the much larger AC

component with a saturated steel core transformer with very high hysteresis, for example.

Using the inverter for micro weather logging,

Weather forecasting is a macro science, but there is potential in local micro forecasting. An AC
solar module has most of the needed elements available for this performance. It is a fixed
stationary solar énerg&r meter, with the needed processing power, and may be connected to the
internét. Optionally, éensors can be added for added functionality. For example, a small ceramic
disc to monitor rainfall, a humidity sensor and temperature sensof kit that can also measure wind
speed and direction, and/or a pollution monitoring sensor can be added. With those extras we can
~monitor weather, water management and even pre-warning earthquake patterns. After mining
this data it could be proVided to utility providers, dynamic content aggregators, governmental or

environmental organisations.
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Figure 10 shows a ceramic disk microphone which can be provided on one of the panels. All the

other sensors can be attached to the multiplexer. The noise, frequency and amplitude, of the

. output of the ceramic sensor are directly proportional to the amount of rainfall. Together with the

output energy of the inverter an accurate indication of rainfall can be provided. The software
library for these analyses is downloadable at the MPU manufacturer for the controller in the

multiplexer.

The term miéro inverter used herein is intended to mean a buck and/or boost converter attached
to and independently ’inverting the DC output of a.single or side by side PV solar panels into an
AC output, and configured in hardware and/or software to operate as per the present invention.
The combination of the panel(s) and the micro inverter are referred to herein as an AC solar
module. If and where such terms are used in the prior art they are not intended to> mean the same

thing.

Whilst exemplary embodiments of the invention have been described in detail, many variations

are possible within the scope of the invention as claimed as will be clear to a skilled reader.
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CLAIMS:

1. A micro inverter for a respective Selar panel comprising
a communications module configured to connect to a central server;
a plurality of sensors to collect inverter performance data and/or environmental data; and
a confroller or processor configured to determine from the data any fault or imminent
fault conditions and to communicate the respective condition to a relevant party via the central

SCrver.

2. The inverter in claim 1 wherein the fault or 1mm1nent fault conditions is or are selected
from the group consisting of: reduced capacitor capa01ty, PV panel health, transformer fault, and

transistor fault.

3. The inverter in claim 1 or 2 wherein the controller is further configured to communicate

the inverter performance data and/or environmental data to the central server.

4, The inverter in claim 3 wherein the inverter performance data comprises one or more of:
yield of the panel and inverter, the inverter power supply voltages, the energy produced, the low
cut-off voltage, voltage harmonics, the panel position, shading compared to time or season, the

ripple of the PV voltage, grid voltage and distortion, and grid load impedance.
5. The inverter in claim 3 or 4 wherein the environmental data eomprises one or more of:
solar energy, rainfall, humidity, temperature, wind speed, wind direction, pollution level, and

seismic activity.

6.~ The inverter in any precedirig claim wherein the controller is configured to determine

whether to and/or what value of a DC component to inject into an AC output signal.

7. The inverter in any preceding claim wherein the controller is configured to determine the

conversion ability or conversion yield of the inverter or of a portion of the inverter.

8. The inverter in any preceding claim wherein the controller is configured to determine a

grid impedance or a grid connection quality.

10
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9. A central controller comprising
central storage or memory, configured to store 'invexfter performance data and/or
environmental data for a plurality of networked inverters according to location, model, date
énd/or installation characteristics; '
a central communications module configured to interrogate respective micro inverters;
od _ , : _ )
a central contr_oller or processor configured to:
determine an estimated yield for a sbeciﬁc inverter,
determine from the inverter performance data and/or environmental data whether
the inverter has any installation defects, fault or imminent fault conditions, and/or

determine whether to initiate and action requests for relevant parties.
10.  The central controller in claim 9 wherein the controller is further configured to estimate

~ the yield of a potential installation based on a selected installation size, geographic location,

and/or installation configuration.

11
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X Us 2009/0066357 Al (ENPHASE ENERGY, INC.) |1-7,9-10
Y 2009.03.12, paragraphs [0018]-[0044], Figures |8
1-2 & JP 2009-65164 A & EP 2034323 A2
Y JP 2000-166098 A (DAIWA HOUSE INDUSTRY CO, LTD.) |8
2000.06.16, paragraphs [0011]-[0012], figures
1-4 (No Family)
A US 2011/0016147 A1 (Martin FORNAGE) 2011.01.20, [1-10
whole document & JP 2012-533974 A & WO 2011/008701
A2 & CA 2768459 Al & CN 102474102 A
A JP 6-311651 A (CANON INC.) 1994.11.04, whole |1-10
document (No Family)
{7} Further documents are listed in the continuation of Box C. {7} See patent family annex.
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later document published after the international filing date or

“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be_: of particular relevance understand the principle or theory underlying the invention
“E” flaﬂleé la ?[l{hca(tjlotn or patent but published on or after the inter- «“X” document of particular relevance; the claimed invention cannot
“L d?)c?m?eni lvlvlﬁic%inay throw doubts on priority claim(s) or which be considered novel or cannot be considered to involve an
is cited to establish the publication date of another citation or other inventive step when the document is taken alone
special reason (as specified) “Y” document of particular relevance; the claimed invention cannot
«0” document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is
means combined with one or more other such documents, such
“p” document published prior to the international filing date but later combination being obvious to a person skilled in the art
than the priority date claimed “&” document member of the same patent family
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