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Using the RTDS Simulator for the
Analysis of Automatic Excitation
Controllers

RTDS Technologies
Celebrates 20 Years at
the Top!

Since our inception in 1994,
RTDS Technologies has
become the industry standard
for real time digital power
system simulators. We can
now proudly add that we have
been the world leader in Real
Time Power System Simulators
for 20 years, having celebrated
our 20™ anniversary

on March 4, 2014.

7
The lead up to our

20" anniversary has been a
particularly exciting time for
RTDS Technologies. We have
seen some phenomenal growth,
achieving the sale of over 1000
racks of hardware and reaching
300 worldwide customers.

Celebrating 20 years in
operation causes us to reflect
on the qualities that have
allowed us to remain the world
leader in our field for such an
extended period of time. We
are committed to our customers
and work to build strong
relationships with them. We
develop innovative hardware
and software to address their
simulation needs. We provide
first rate technical support
allowing our customers to make
efficient use of the RTDS
Simulator. We care about our
customers and give them
honest, sound advice. Our
dedication to quality is second
to none and it sets the standard
for all of our products and
services; a concept that is
embraced by all of our
employees. With these values
at the ~core of RTDS
Technologies, we will strive to
remain the world leader for
many years to come.

Component Highlight: The MMC

Support Unit

Using the RTDS® Simulator for the Analysis of Automatic
Excitation Controllers: Development of Test Circuits \\"p,
M//A\\V

Guest Article from the Moscow Power Engineering Institute
J.L. Artsyshevsky, T.G. Klimova, National Research University "MPEI"
A.V. Zhukov, E.I. Satsuk, A.I. Rasscheplyaev, JSC "SO UPS"

The use of advanced digital modeling tools for
technical systems and processes in power systems
engineering significantly extends the capabilities of

various studies. These tests ensure the stability of the
operating parameters during repeated experiments,
which is particularly important for the certification
testing of Relay Protection and Automation (RPA).
This article discusses the use of the combined
hardware and software of a Real-Time Digital
Simulator (RTDS) to test the operation of automatic
excitation controllers for compliance with the JSC "SO
UPS" standard [1].

The RTDS Simulation Lab at MPEI|

The RSCAD software is used to create specific digital models to run on the RTDS Simulator hardware. The
power systems circuit is drawn, and parameters of its elements are defined in the graphical user interface,
Draft. The same editor also contains models to generate control signals as well as the circuits necessary to
implement data processing algorithms. For the Automatic Excitation Controller (AEC) analysis, 6 circuit
diagrams with 16 operating modes were developed as part of the Standard [1].

Control, monitoring and recording can be accomplished in RunTime to carry out all of the tests specified for
certification according to the Standard [1]. Test reproduction and calculated emergency disturbances are
made at the software level. Testing of synchronous generators AEC’s is carried out by the simulated
implementation of the following disturbances:
1) Disturbances with the following parameters:

- A step change of the tested AEC by +5% of the rated value;

- Single-phase short circuit (duration of 0.03s) at Bus 1;

- A stepwise voltage change by connecting capacitance C3 to Bus 1;
2) Disturbances in accordance with the Guidelines on the stability of power systems [2] with the following
parameters:

- Duration of the short circuit is 0.12s;

- Single-phase reclosing time is 1s;

- Three-phase reclosing time is 2s;

- Switch-off time of one phase caused by mis-operation of the breaker failure protection is 0.35s;
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In order to connect the tested AEC to the RTDS Simulator, an interface controller was designed. This
controller contains a model of thyristor converter, controlled by a standard 6 pulse output from the AEC. It
also includes a circuit which converts the signal from the output of the thyristor converter into a digital signal
to be connected to the RTDS Simulator.

All of the tests required by the JSC "SO UPS" Standard [1] were performed successfully using the RTDS
Simulator. Being able to record and display all of the necessary parameters allows effective presentation of
the results. In addition, it is possible to obtain the necessary numerical characteristics of the transient
(transient time, damping constant, overshoot) by processing the results.

The RTDS Simulator provides the opportunity to model operating conditions of the generating equipment in
power systems of varying complexity in order to verify the operation of the AEC. It also allows existing
algorithm or programming faults in the AEC to be rectified. Using real time digital simulation, the AEC can be
adjusted for a particular power generating facility.

BIBLIOGRAPHY

1. Standard of JSC "SO UPS" CTO 59012820.29.160.20.001-2012, approval date 03.04.2012.
"Requirements to excitation systems and AUTOMATIC PD REGULATORS OF SYNCHRONOUS
GENERATORS"

2. “Guidelines on the stability of power systems" (approved by the order of the Ministry of Energy of Russia
30.06.2003 Ne 277).

To read the full article, please visit our website at www.rtds.com

Component Highlight: The MMC Support Unit

RTDS Technologies’ FPGA-based MMC Support Unit is now being used by 17 clients in 8 different countries
worldwide. With over 130 units currently in operation, manufacturers have once again put their trust in RTDS
Technologies to provide solutions for the most complex power systems applications.

Detailed testing of physical MMC converter control equipment has been successfully completed by
numerous manufacturers including ABB, ALSTOM, HICO, LSIS, NR, RXPE, SIEMENS, and XJ. In
addition to testing the performance of the physical controllers of a particular converter, a number of
simulation studies have been performed to evaluate overall network response and control interaction with
other LCC and/or MMC based systems electrically near the scheme in question. This is an
important and challenging aspect to consider when adding new HVDC converters to existing networks that are
in close proximity to other HVDC links.

The MMC Support Unit uses a well-proven representation of the converter valve which has been
available in RSCAD for several years. The processor version of the MMC valve model has been used by a
large number of RTDS clients since its introduction in 2009. The more recently released FPGA version was
introduced to overcome the difficulties of interconnecting the physical firing pulse controls as the number of
MMC sub-modules in the converter increases. With the FPGA version, the user is able to accommodate
interconnection of controllers for converters with more than 500 sub-modules (levels) per converter arm or
over 3000 sub-modules per HVDC terminal.

The successful application of the RTDS Simulator for modern MMC-based systems serves to reinforce that, as
the undeniable world leader in real time digital simulation, RTDS Technologies is also leading the way in real
time modelling of MMC-based technology.

Did you know?

RTDS Technologies recently welcome three new representatives to their team. With new representation in
Chile, France and Germany, RTDS Technologies now has 24 worldwide representatives. Welcome to the
team!

Please visit the Worldwide Representatives portion of the RTDS Technologies website for more details.

You can find us on:

B |
n Facebook m RTDS Technologies Inc. B @RTDS_Simulator

RTDS Technologies Inc., 100-150 Innovation Drive, Winnipeg, MB R3T 2E1 CANADA

Technologies Phone: +1 204 989 9700 Fax: +1 204 452 4303 Email: rtds@rtds.com Website: www.rtds.com





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /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 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /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 ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /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 <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /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 [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



