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Cooperative Research and Development Final Report

In accordance with Requirements set forth in Article XI.A(3) of the CRADA document, this document is
the final CRADA report, including a list of Subject Inventions, to be forwarded to the Office of Science
and Technical Information as part of the commitment to the public to demonstrate results of federally
funded research.

CRADA Number: CRD-06-207

Parties to the Agreement: CENER-CIEMAT Foundation

CRADA Title: CENER/NREL Collaboration in Testing Facility and Code Development

Joint Work Statement Funding Table Showing DOE Commitment:

Estimated Costs NREL Shared Resources
Year 1-4 $ 1,412,151.00
Year 5-6 $ 531,652.00
TOTALS $ 1,943,803.00
Abstract of CRADA Work:

Under the funds-in CRADA agreement, NREL and CENER will collaborate in the areas of blade and
drivetrain testing facility development and code development. The project shall include NREL assisting in
the review and instruction necessary to assist in commissioning the new CENER blade test and drivetrain
test facilities. In addition, training will be provided by allowing CENER testing staff to observe testing
and operating procedures at the NREL blade test and drivetrain test facilities. CENER and NREL will
exchange blade and drivetrain facility and equipment design and performance information. The project
shall also include exchanging expertise in code development and data to validate numerous computational
codes.

The Centro Nacional de Energias Renovables (CENER) is a corporation organized under the laws of
Spain with a principal place of business at 31621 SARRIGUREN, Navarra Spain.

Summary of Research Results:

In the area of controls and system identification, NREL and CENER researchers jointly collaborated to
create and test new algorithms for closed loop system identification on NREL’s CART test turbine. The
algorithms were installed and debugged until they reached a successful operational state and continue to
be tested. Such algorithms will be critical to further advance wind energy — particularly in the wind plant
setting.

The NREL-CENER CRADA activities related to the Code Development tasks involved the improvement,
verification, and validation of wind turbine computer-aided engineering (CAE) tools, particularly the
FAST tool developed and supported by NREL as sponsored by the U.S. DOE. While not all work planned
was completed, the collaboration was still mutually beneficial. The ongoing communication and
information exchange expedited the development and improved the results of projects both at NREL and
CENER. Specific accomplishments from these tasks are as follows:



e NREL hosted Jos¢ Azcona Armendariz of CENER between September and December 2008 to
initiate work under the CRADA and to train CENER on the modeling of floating wind turbines.
NREL and CENER mutually shared FAST source code improvements.

o CENER shared with NREL the results of a verification of FAST against GH Bladed.

NREL collaborated with CENER under the International Energy Agency (IEA) Wind Task 23
Offshore Code Comparison Collaboration (OC3) project, including checking each other’s FAST
results and working together to develop the OC3-Hywind spar model used in Phase IV of OC3.

e NREL and CENER shared information on approaches to enable numerically stable and
convergent coupled simulation of different tools. This information was used by CENER to enable
the coupling between FAST and PSCAD for modeling the impact of grid faults on wind turbines
and between FAST and OPASS for modeling mooring dynamics of floating wind turbines, and
laid the groundwork for establishment of the new FAST modularization framework by NREL.

e NREL and CENER mutually shared presentation material for training on FAST that both
institutions have used to host wind turbine modeling workshops.

e CENER provided NREL information on second-order beam theory for modeling tower and blade
structural dynamics, although NREL chose geometrically exact beam theory over second-order
theory in NREL’s development of FAST’s nonlinear beam finite-element module, BeamDyn.

e CENER shared with NREL the results of validation of FAST against data from the Unsteady
Aerodynamics Experiment (UAE) under IEA Wind Task 20.

e CENER provided NREL information on recent improvements and validation of unsteady
aerodynamics, including dynamic stall, that NREL will be using to improve FAST’s
aerodynamics module, AeroDyn.

e NREL and CENER collaborated to establish a recommended test matrix for combined wind-wave
experimental tests of offshore floating wind turbines in a wave basin, aimed at FAST
validation. Although no test data has yet been exchanged, there are plans to exchange data and
collaborate on validation under the IEA Wind Task 30 OC5 (OC3 continued, with correlation)
and InnWind projects.

e Researchers at CENER used NREL’s wind turbine aeroacoustics model to validate against wind
tunnel and field data. The results demonstrated the relative accuracy of the NREL’s simulation tool.

In the area of blade and dynamometer/drivetrain testing, there were multiple in-person meetings and
discussions on facility design while both NREL and CENER were building up their own testing
capabilities. Testing methodologies were also discussed and exchanged, which improved the methods for
both parties. NREL staff did visit the facilities while under construction at CENER and vice versa to
provide input, further review and guidance. Lastly, equipment designs were discussed and NREL loaned a
piece of blade equipment, called the UREX, to CENER, for proof testing, comparison with their blade
testing system, and to gain a better understanding of the technology. The UREX system has since been
returned to NREL. For the drivetrain testing aspect there were specific discussions on no-torque loading
systems, which has since been implemented in both NREL’s and CENER’s facilities.

Lastly, in the area of wind plant modeling, researchers at both NREL and CENER ran benchmark cases
within the IEA Task 31: Wakebench efforts, which were compared to those of other international
researchers and field data. Such comparisons provide insight into the performance of different simulation
tools and possible areas for improvement.

Subject Inventions Listing: None
Report Date: 11/7/2014

Responsible Technical Contact at Alliance/NREL: Patrick Moriarty

This document contains NO confidential, protectable, or proprietary information.





<<

  /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



