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Surround testing

Rapid growth requires fast reactions to industry needs. Every aspect 
of a solar array is under scrutiny for improvements in performance. 
Eric Turner, Product Marketing Manager and head of Renewable
Energy Initiatives at AMETEK Programmable Power discusses
comprehensive test solutions for grid-tied solar inverters and
suggests surrounding the inverter when simulating expected
conditions when in the field.

Improvements in solar array technology and
competitive cost pressures in solar energy

products are enabling rapid industry growth. As a
result, solar systems are becoming increasingly
cost-effective for residential and commercial use,
especially when global government incentives for
implementing green technologies are taken into
account.

Yole Development, a market research and
business development consulting company, has
been watching the photovoltaic (PV) market for
many years. Yole forecasts the CAGR for the PV
inverters used for solar panels to exceed 30 to 45%
over the next 5 years. The market for residential PV
applications was approximately $3.8B in 2009.

About 5% of these sales are test and measurement
related, representing a total available market (TAM)
of $190M for residential applications. The
equipment includes everything from testing the
IGBTs that go into the inverters used in solar power
all the way up to products that perform system-
level compliance testing.

Supporting Market Requirements
The demand on solar inverter manufacturers to
support the market’s rapidly accelerating
requirements can create difficulties. The challenges
include:

� Keeping up with developments in solar array
technology

� Evaluating solar panel array performance
parameters

� Complying with utility interface requirements,
and

� Keeping up with utility programs

Fundamental to all of these areas is a myriad of
testing requirements. Historically, the industry has
directly involved the sun and solar arrays in the
testing process. Because of variations in these
areas, repeatability is one of the biggest
challenges for PV testing today.

Taking solar technologies from the laboratory to

Figure 1. A typical 

grid-tied photovoltaic

system has several

different components

and voltage levels-

each requiring special

testing
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residential and commercial installations requires
testing at several points including product
validation, production and installation. As new
approaches such as micro PV inverters are
introduced, the requirements for testing increase.

Micro inverters use many smaller inverters instead
of one large inverter. This results in improved
efficiency and reliability as well as reduced safety
issues. Figure 1 shows several facets of
implementing solar power for a residential
application including the voltage transitions.

Inadequate testing can seriously impact any
product’s success. Difficult-to-implement test
equipment, testers with inadequate accuracy and
repeatability, and equipment that does not easily
interface with other parts of the PV system can
cause significant delays in a new product’s
introduction. Three areas of PV/solar technologies
that need to be explored further include solar array
simulation, house load simulation and utility
simulation.  In addition, continually evolving and
newly emerging standards add to the complexity of
the solar power situation. The following four
sections address each of these areas.

Solar Array Simulation
Solar arrays operate in an uncontrolled
environment. The output is highly dependent on a
range of conditions including the intensity of the
sunlight (full sun vs. cloudy conditions), ambient
temperature, external shading effects(from tree
branches or chimneys), dust, bird droppings and
other factors. All of these elements affect the
capacity of the solar array to produce power.

The inverter must be designed to allow for
maximum power transfer from the solar array to
the inverter. This maximum power point (MPP) is
most commonly determined on a continuous
basis. Most PV inverters are designed to harvest
the maximum amount of energy available from the
PV array at any point in time. To do this, they
typically use an MPP tracking control algorithm to
continuously present the optimum load to the PV
array for maximum power transfer.

The testing of inverters for this application (both in
development as well as in production) requires a
power source — a Solar Array Simulator (SAS) —
that can reliably simulate actual performance. With
virtually hundreds of solar array panels available in

the marketplace, this can be a daunting
requirement. Fortunately, the National Renewable
Energy Laboratory (NREL) maintains a Solar
Advisor Model (SAM) database that catalogues key
parameters such as Voc, Isc, Vmpp at 24C and
standard 1000 W/m2 isolation for hundreds of
commercially available PV products. The SAM
provides powerful tools to help designers predict
system performance for virtually any fill factor or
solar material. A solar array simulator with the
ability to access this data and incorporate it into a
realistic, dynamic, interactive test of the inverter
can pay big productivity dividends.

Many solar inverters generate AC ripple on their
DC input that is connected to the photovoltaic
array. For single-phase inverters, the frequency of
this ripple is twice the line frequency (120 Hz for
US models). The simulator’s power supplies must
not suppress this ripple as a function of their
regulation loop.

An increasing number of inverters (and virtually all
micro-inverters) accurately measure amplitude and
phase of the ripple voltage and current to quickly
track the MPP of the array. This approach allows
tracking the MPP at a much higher speed when
compared to conventional dithering techniques
(also called perturb and observe).

Faster tracking of the MPP results in a much higher
overall efficiency in cloudy conditions, where the
irradiance is constantly changing. It is likely that all
solar inverters will use this approach in the near
future, since end users are very sensitive to the

Figure 2. Solar Array

Simulators, like the

AMETEK Terra SAS

shown here, make it

possible to test solar

inverters over a range

of input conditions

Figure 3. A

programmable power

source like the

AMETEK MX shown

here is required to

simulate the interface

between the utility and

solar array inverter

output
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overall efficiency of their solar energy installations.
To satisfy this requirement, the PV simulator must
be capable of reproducing the voltage / current
behaviour of a solar array even in the presence of
this ripple.

Another requirement of this process is the ability to
simulate the MPP for multiple strings of solar
panels since most installations use a large number
of panels. 

House Load Simulation
Simulating residential loads is an area that requires
special test considerations. For example, if the
grid-tied inverter is putting out 5 kW and the home
is only consuming 3 kW, how does the inverter
respond to high crest factor (HCF) loads? (Note:
HCF is the ratio of the peak value to the root-
mean-square (rms) value of a waveform.) This can
occur with the switching power supplies in TVs,
computers, microwaves and even when a
refrigerator turns off and on. Products with
switching power supplies can also be a source of

harmonic distortion. How do all these different
types of loads affect the PV grid-tie inverter? A load
simulator provides the answer for testing.

Utility Simulation
Utility simulation is among the newest testing
requirements. There are very few established
standards but several areas of concern to utility
companies. These include:
� Anti-islanding
� DC injection
� Utility anomalies, including phase loss, voltage
dips and interruptions, and frequency disturbances
� Harmonically enriched waveforms test inverter
tracking capability
� Testing for interharmonic susceptibility

One of the problems that can occur if the
connection to the utility grid is not established
correctly is a situation called islanding. As defined
in IEEE 1547, islanding is “a condition in which a
portion of an Area Electric Power System (EPS) is
energized solely by one or more Local EPSs
through the associated point of common coupling
(PCC) while that portion of the Area EPS is
electrically separated from the rest of the Area
EPS.” Since unintentional islanding of a distributed
power source may cause power quality issues,
interference with grid protection devices and other
problems, an anti-islanding function in equipment
ensures the detection of electrical islands and
proper disconnection from the electric power
system.

The standards state that when the grid supply is
lost, the inverter must turn off within a specified
amount of time and the voltage rise must be
limited. Tests to verify these capabilities are just
being developed. Custom software as well as
hardware is required to perform specific anti-
islanding tests.

Utility companies actually have a small, 300 to 500
mV DC component on their AC power, so testing
for DC injection is one of the required tests. This
testing determines how an inverter reacts to the
DC component. Simulating the utility mains
requires adding the DC components. 

With 500 mV of DC in a saturated mode, the power
output could drop to half. The IEC committee
realizes that these situations can occur and is
working feverishly to develop test standards to
cope with various situations.

Figure 4. A complete

test solution such as

one offered by

AMETEK verifies the

product’s capabilities

and ability to meet the

numerous industry

standards as well as

the product’s

datasheet performance

requirements at every

point in the solar array

system

The standards state that when the grid
supply is lost, the inverter must turn off
within a specified amount of time and 
the voltage rise must be limited. Tests 
to verify these capabilities are just being
developed. Custom software as well 
as hardware is required to perform 
specific anti-islanding tests
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Standard Topic

IEC 62116-2008 Islanding prevention for utility-interconnected PV inverters
IEC61000-3-15 EMC Low frequency phenomena (in draft)
GS S1 – TUV Full compliance to GPSG and LVD for CE compliance
IEC 61727 Utility connected PV systems operating in parallel
IEC TS 62578 Power electronics systems and equipment – operation and characteristics of active in-feed

converter applications 
IEC 62124 Photovoltaic (PV) stand alone systems - Design verification
UL1741 UL Standard for Safety Inverters, Converters, Controllers and Interconnection System Equipment

for Use with Distributed Energy Resources
IEEE 1547 Standard for Interconnecting Distributed Resources with Electric Power Systems
GB/T19064 Chinese National Standard
GB/T19535 Chinese National Standard
GB/T19604 Chinese National Standard
IEC 61000-3-15 Electromagnetic compatibility (EMC) - Part 3-15: Limits - Assessment of low frequency

electromagnetic immunity and emission requirements for dispersed generation systems in LV network

To produce the voltage levels, distortions, dips,
interrupts and other anomalies that end products
normally experience while operating off the utility
line power, the power source used in product
testing requires either manual or computer
programming capability. While these immunity
tests evaluate a product’s ability to withstand
common public supply disturbances, additional
tests are required to measure emissions or the
disturbance contribution that the product itself 
may produce. Accomplishing both requires 
clean AC power sources that supply and 
receive power from the product being tested. 
The latter requirement defines a regenerative
system.

The importance of odd and even harmonics and
their impact on the power grid is well known,
however, interharmonic susceptibility/distortion is a
rather recent development. Values in between the
integer harmonics, such as the 2.6 or 3.5
harmonic, can cause problems in some common
products such as microwaves, washing machines
and more. For example, the safety switches in
these products can be affected by certain
interharmonic values and not function properly.

All of these aspects must be addressed in a solar
inverter. Testing the inverter to verify its capability
and establish its performance levels requires
programmable power.

Standards Compliance
Perhaps today’s biggest challenge for PV systems
is the testing required to comply with the
standards. 

To establish conformance, suppliers must test their
product(s) to demonstrate that they meet the
requirements of local, national and international
standards. Table 1 shows some of the more critical
standards, including the latest standard expected
to be released in late 2010, IEC 61000-3-15.

In many cases, products are being developed
concurrently with the standards. As a result, it 
is necessary to bridge the gap between standards
and the testing that must be performed to meet
them. This can be accomplished by working 
with a supplier that is closely tied into the
standards development agencies and their
subcontractors.

Comprehensive Testing: Surround the
Inverter
Surrounding the inverter with programmable
devices to simulate the output of solar arrays,
simulate the loads applied to the output of the
inverter and simulate the interface with the 
grid provides a comprehensive and 
energy-efficient means of testing these devices.
Figure 4 is an example of a comprehensive 
testing system.

Table 1.International and national standards that require accurate and repeatable power sources to determine conformance





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 100
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




