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Why have a GRC?

* Disparity between expected & actual gearbox life
o Widespread, not due to manufacturing issues
o Critical elements may be missed in design process
o Analytical tools may be insufficient

o Design responsibilities, expertise, detailed information
on failures are spread among many parties

e Gearbox largest contributor to turbine downtime
and costliest to repairlll
o Most failures in bearings, not gears
o Problems on small turbines still exist in MW designs

1] WindStats Newsletter, Vol. 16 Issue 1 to Vol. 22 Issue 4, covering 2003 to 2009
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GRC Objectives

* Understand & isolate sources
] Teardown Root Cause
of gea rbox failures Inspections Analyses
. Anecdotal
* Improve understanding of Evidence EMECA

internal loads & response
o Normal operation & transients

* Improve ana'ysis tools to W/ Condition / Modeling )
. Monitoring ' & Analysis
accurately simulate response 2

* Improve ability to reproduce
field response in dyno testing

* Evaluate how CM augments =
design and O&M -

Improved Industry Practices &
Design Standards

NATIONAL RENEWABLE ENERGY LABORATORY



Outline

* Gearbox Reliability Collaborative (GRC)
o Failure Database
o Test, Modeling and Analysis
o Condition Monitoring

* Recent Activities
 Future Directions
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Failure Database

* Understand gearbox failures

o Failure mode(s) and location(s)

* Focus research accurately

o Aid root cause analysis and correction

* Provide objective record of improvements

o Analyze and close loop when solutions found

* Sanitized data shared among GRC members

o Contributors can view all their data
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Failure Database Software

* Collect information from gearbox rebuilds
o In shop and on tower
o Existing data from papers, Excel spreadsheets

 Structured data collection
o Navigation tree, visually oriented
o Wireless image from camera to software fields \
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Results

 The database contains 34 incidents

Incidents | Bearing | Gear

Total 34 23 15
Planetary 10 4 8
1SS 8 5 4
HSS 25 22 5

— Bearing faults are concentrated in the high speed section; gear faults are
concentrated in the planetary section

— Top bearing failure modes: hardening cracks, abrasion (scratching of
surfaces), adhesion (scuffing, welding and tearing of materials)

— Top gear failure modes: fretting corrosion, high-cycle bending fatigue.
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Outline

* Gearbox Reliability Collaborative (GRC)
o Failure Database
o Test, Modeling and Analysis
o Condition Monitoring

* Recent Activities
 Future Directions
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GRC Test Gearboxes

 Two 750-kW wind
turbine gearboxes

* 3-point mounting system

* One 3-planet stage with a
floating sun and two
parallel helical stages

* Pressurized lubrication
for all but the planet
gears and the ring gear

* Two speed generator
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Testing Summary

* Phase 1 (300+ hours of data)

o GB 1 dyno test - 125+ signals
o GB 1 field test

— Oil loss event led to GB damage

* Phase 2 (700+ hours of data)

o GB 2 dynamometer test - 150+ signals

— Dynamic torque and some dynamic non-torque loads

o GB 1 dynamometer test

— Condition monitoring evaluation and GB teardown

* Phase 3 begins FY12
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Transient Planet Bearing Response

PL Bearing Axial Load Distribution
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Model Validation

* Multibody model evaluated
* Unequal bearing peak loads due to:

o Different bearing clearance
o Pin position error

Measurement Model Calculation

Measued Tooth Load / Average

Computed Tooth Load / Average

0.8

P1=P3=120um; P2=80um
19 16.) 16_4 1<|;_ﬁ 15.3 7ln 76.7 arlm Jh.ﬁ 7(;.3 21 8.5 9 9|.5 1|0 10.5

Carrier Cycle Carrier Cycle
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Outline

* Gearbox Reliability Collaborative (GRC)
o Failure Database
o Test, Modeling and Analysis
o Condition Monitoring

* Recent Activities
 Future Directions
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Condition Monitoring (CM)

* Multiple CM systems used in Phases 1/2

* Various vendors and techniques (27 partners)
o Vibration
o Stress Wave
o Electrical Signature

o Oil Condition
— Particle count
— Moisture/Quality
 Compared capability
to detect gearbox fault | ‘ *
in dynamometer test (s [ (Tammm | (m [ (S5

Counts I1SO Cleanliness Level
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CM Key Findings!3]

* |ISO cleanliness measurements could be used
to monitor and control the run-in of GBs

* Recommend an integrated approach

o A combination of vibration or acoustic emission with
oil debris monitoring techniques recommended

* Similar trends in wear debris count obtained
between offline and inline filter loops

* Round Robin report to be published

[3] Wind Turbine Drivetrain Condition Monitoring During GRC Phase 1 and Phase 2 Testing, NREL TP-5000-52748.
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Outline

* Gearbox Reliability Collaborative (GRC)
o Test, Modeling and Analysis
o Condition Monitoring
o Failure Database

 Recent Activities
 Future Directions
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GRC Recent Activities

* Meetings
o Condition Monitoring Workshop
— 46 speakers, 11 sessions, and about 150 attendees

o Tribology Seminar
— 21 speakers and about 110 attendees

o GRC Members Meeting
— 22 speakers and 70 attendees

* Continued Modeling and Analysis
o Model-to-model-to-test comparisons for dynamic data

o Effect of carrier and planet bearing clearances and
gravity on planetary section loads
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GRC Website

www.nrel.gov/wind/grc
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Outline

* Gearbox Reliability Collaborative (GRC)
o Test, Modeling and Analysis
o Condition Monitoring
o Failure Database

* Recent Activities
 Future Directions
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GRC Phase 3 Plans

* Continue test, model and analysis campaign
* Re-Test GB2

o Dynamometer testing for dynamic and field
representative loads

o Test GB2 or another GB in field
* Design, manufacture and test “new” GB3

o Incorporate lessons learned from previous GB tests
o Demonstrate increase in GB life
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“New” Gearbox 3

* Re-use parts from GB1 where possible

e Contract award early Feb
o Conceptual design meeting Feb 9 (GRC)
o Preliminary design review early April

o Critical design review early July

* Manufacturing & instrumentation plans
o Manufacturing review early August

* Dyno testing Q1 FY13

o Repeat sequence of tests from GB2 and compare
effect of design updates
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Gearbox 3 Design

* Possible design changes
o Preloaded TRBs for carrier/planets (current CRBs)
o New, stiffer ring gear (current one damaged) | Improve
o Optimized microgeometry and preloads load sharing

o Review of high speed section bearings
o Improve lube system

* Design variables
o Planetary carrier bearing clearance and preload
o High speed pinion
o High speed bearing configuration, clearance and preload
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Thank You!

NREL’s contributions to this presentation were funded by the
Wind and Water Power Program, Office of Energy Efficiency
and Renewable Energy, the U.S. Department of Energy under
contract No. DE-AC02-05CH11231. The authors are solely
responsible for any omissions or errors contained herein.

jonathan.keller@nrel.gov
303-384-7011

Photo from HC Sorensen, Middelgrunden 2 :
Wind Turbine Cooperative, NREL/PIX 17855 : .

NATIONAL RENEWABLE ENERGY LABORATORY


mailto:shuangwen.sheng@nrel.gov
mailto:shuangwen.sheng@nrel.gov

	Gearbox Reliability Collaborative Update
	Why have a GRC?
	GRC Objectives
	Outline
	Failure Database
	Failure Database Software
	Results
	Outline
	GRC Test Gearboxes
	Testing Summary
	Transient Planet Bearing Response
	Model Validation
	Outline
	Condition Monitoring (CM)
	CM Key Findings[3]
	Outline
	GRC Recent Activities
	GRC Website
	Outline
	GRC Phase 3 Plans
	“New” Gearbox 3
	Gearbox 3 Design
	Thank You!


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /PageByPage

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

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

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /LeaveColorUnchanged

  /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 false

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages false

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects true

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

  /PDFXOutputConditionIdentifier (CGATS TR 001)

  /PDFXOutputCondition ()

  /PDFXRegistryName (http://www.color.org)

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  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

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements true

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice



