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Project Background

180000

= The Gearbox Reliability Collaborative:

160000

« Aims to improve gearbox reliability and
availability

140000

120000 -

« Takes a multifaceted approach that includes
testing, modeling, condition monitoring, and a
database

100000 -

80000

Downtime (Hours)
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= The Gearbox Reliability Database project: 40000

20000

* Aims to quantify the magnitude of the
problem and identify top failure modes and
root causes

p =a =N .

* Collects gearbox failure event data from
project partners, all have executed
nondisclosure agreements (NDAs) with the
National Renewable Energy Laboratory (NREL)

e Directs wind turbine gearbox reliability
research and development (R&D) and
provides a benchmark for evaluating
technology advancements.

= More Information:
http://www.nrel.gov/docs/fy150sti/63106.pdf

Plot source: S. Sheng, S., Link, H., LaCava, W., van Dam, J., McNiff, B., Veers, P., Keller, J., Butterfield, S., Oyague, F. 2011. Wind Turbine
Drivetrain Condition Monitoring During GRC Phase 1 and Phase 2 Testing (Technical Report). NREL/TP-5000-52748, National Renewable
Energy Laboratory, Golden, CO (US). http://www.nrel.gov/docs/fy120sti/52748.pdf
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http://www.nrel.gov/docs/fy15osti/63106.pdf
http://www.nrel.gov/docs/fy12osti/52748.pdf

Data Protection

= Each partner’s data is protected by NDA executed with
NREL

* Protect data via a three-tier data-sharing mechanism:

Data-sharing

partner
Partner: inquiry-based, Member: reports with removed Public: annual statistics updates
same-level of details sensitive information like data owners, by removing sensitive
as data submitted wind sites, and gearbox serial numbers information like data owners

l

Data/reports shared
exclusively with
partner partners

Data/reports released
to the public by NREL

= Nonsensitive analysis results and reports are released to
the public only through NREL.

NATIONAL RENEWABLE ENERGY LABORATORY



Data Collection and Reporting Mechanisms

= Stand-alone software
" Tablet-deployable tool
" Template in Excel

" Web interface.

arbox Reliabil

The Gearbox Reliability Database (GRD) is a unified data platform for utility-scale wind plant owners, operators, and other

stakeholders along the gearbox supply chain. This effort aims to categorize top wind turbine gearbox failure modes. identify

possible root causes, and direct future wind turbine gearbos reliability research and development (R&D) activilies. By the

end of 2015, the assets represented by only ownerioperator partners on this effort comprised approximately 35% of the U.S
installed capacity.

- X
The GRD effp{Gurrently hias 1608 incidents logged fror BAWIRG plants, and spans 12 years of o
4 e

As a contributing data-sharing partner, you can use your NREL upload and coliect gearbox failure event data
external account ta sign in

If you are interested in becoming a partner, or you would like to
get more information on the GRD, please contact have full control of data owned by you

Shuangwen (Shawn) Sheng

shuangwen sheng@nrel gov
1-303-384-7106 contributing partners can also gain access to
all statistics generated based on the entire

New Features =3 datasel
Click a feature to learn more. L ]
<, &!ﬂ generate additisnal statistics such as annual

NATIONAL RENEWABLE ENERGY LABORATORY A b’ g bR 8

Stand-alone software Web interface
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Stand-Alone Software

= GearFacts: a gearbox rebuild event data detailed recording tool
= Structured data collection

= Embedded visual illustration of gearbox models

= High-resolution damage photos.

earbox — i
Add Images Add Image(s
¥ 5 Gearbox Inspection | ge(s)

[} tubricant Inspection ||| (complete) (complete) (complete) (complete)

» [ hss-p1 Top_View.jpg 1520.jpg 1521.gif

Gearbox model

G ea r Fa CtS Illustrations and Photos from Mark McDade, NREL
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Stand-Alone Software (Cont.)

" Integrated gear and bearing failure atlases

* Interactively support preliminary failure mode
classifications.

|0 GCearbox Incidents
Start Broken_Gearbox

] Incident Information ——— . '_ %
» [ Turblne -.--"""-. ; I
|} Gearbox Fallure | — ‘ Co—
¥ [ Gearbox L J _-_- o P HH_ ]

¥ [=yGearbox Inspection - [ f— |

|_] Lubricant Inspection _
¥ £ Gears = —
¥ [5ring-gl =
_]1images

» [T pl-gl
L g P:-gi Gear Type Spur gear *
> Pl-g
» [ sun-g1 Teeth 58

» [ lss-g1

»[]lss-pl

» [ 1ss-gl

B[] hss-pl |||

Fallure Classification [ Hertzian Fatigue | v J l 5.1.1 Macropitting, Subsurface Origin, Nonmetalic Inclusion v J

Gear Handedness

~
N

Illustration and Photos
from Mark McDade, NREL
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Stand-Alone Software (Cont.)

" Generation of reports

Gearbox Failure Report

Gearbox Make: GRC-1.0

® Data transmission:

Time of operation: 75000 hours

* One event file size: ~ 1 gigabyte vueotta: /2072010
e Sharepoint site

* Mail of portable storage media
= Opportunities:

* An option offered to data sharing
partners for detailed gearbox
rebuild event data recording

* Customizable for gearbox rebuild
shops.

Illustration and Photos from Mark McDade, NREL
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Template in Excel

Wind Site Name

* Examined data fields collected Wind ite Sate rovince Regon
Wind Site Country
by GearFacts and prioritizing e pe ot
WTG Total Run Hours Estimation

them into three categories: WTG Total Production kWh Estimation
WTG Type of Power Conversion
H H WTG Type of Generator

h Ig h) m ed I u m; a n d IOW Gearbox Maker/Model (if you are not comfortable
sharing this with NREL, please skip)

H Gearbox Serial No. (if you are not comfortable with
- I nt ro d u Ce d M I C rOSOft Exce | the full description of the serial No., please share
the last three digits.)

SpreadSheet tem plate for data Gearbox Originally New or Rebuilt

Install Date

Failure Date

collection with only high- Gearbox Run Hours Estimation

Gearbox Production Estimation (kWh)

p rio rity fi e | d S Original Lubricant Type

Current Lubricant Type

. . Inline Filter Rating (50 mirons, 20 microns, 10
= Accessible by data sharing microns, or 5 microns)

Offline Filter Rating (3 microns)
How was Damage Detected

p a rt n e rS Dominant Failure (Worst) Location

Secondary Failure (2nd Worst) Location

Dominant Failure (Worst) Mode
¢ U pdated When needEd to Secondary Failure (2nd Worst) Mode
Corrective Actions (Uptower repair, internal

S u p po rt n eW res ea rC h component replacement, or gearbox replacement)

Other Drivetrain Component Failures Before this

- Dominant means for data damage

Other Drivetrain Component Failures After this

sharing so far. Camage

Additional Notes
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Tablet-Deployable Tool

= Based on the data fields used by the Excel template

= Deployable on portable devices.

NREL Wind O&M Database Major Component Failure Report componentFailed (et NN W WOMD11/7/201611:50:37
Incident General Wind Site Turbine General Failed Component Failure Photos
NREL Data Partner Report Number | 101 Service Company Name
Report Date & Time | 11/7/2016 11:50 Work Done By
Equipment Owner Work Done On
Equipment Owner Phone
Report Contact Total Service Cost

Report Contact Phone
General Service Cost Breakdown Percentage

(enter as decimal)
Out of Service Date = 9/5/2016 Labor
Return to Service Date = 9/20/2016 Parts
Logistics
Rigging

COLOR KEY

[ | - High Priority
|:| - Medium Priority
[ | - Lower Priority
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Tablet-Deployable Tool (Cont.)

= Synchronize with a central server
" |nterface with popular asset management platforms
= Opportunities: same as GearFacts.

NREL Wind O&M Database Major Component Failure Report component Failed [y

Incident General Wind Site Turbine General Failed Component Failure Photos

Failure General Gearbox Main Bearing

Gearbox Make Similar Gearbox Failures at this Site? Last Qil Change Date
Gearbox Model In General, How Many Similar Oil Time
; ! Lubricant Manufacturer

Gearbox Seral No Dominant Failure Mode
Gear Ratio Lubricant Type and Grade

Dominant Failure Location

Gearbox New or Rebuilt? Volume of Lubricant (liters)

(if bearing)
Gearbox Mounting Dominant Failure Bearina Tvoe Minimum Online Filter Beta Ratio
Gearbox Run Hours Secondary Failure Mode Minimum Offline Filter Beta Ratio
Gearbox Production (kWh) Secondary Failure Location Has Desicant Breather?
Planet Carrier Bearing Types (if bearing) Oil Heater Type
Secondarv Failure Bearina Tvbe
Planet Bearing Types Oil Sample Analysis Available?
Gearbox Comments Gearbox Schematic Container Gearbox Kinematic Container Gearbox Oil Water Content (ppm)

Sample Collection Point
Sample Collection Date

Lubricant Comments

If gearbox was removed from turbine, how
was it stored after it was removed?
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Web Interface: Key Features

= A centralized location that provides objective and interactive
benchmarking of gearbox reliability

= Terminology based on International Electrotechnical Commission,
International Standards Organization, and American Gear
Manufacturers Association standards

= Update interactive statistics narrowing down to bearings or gears

= Partners with wind assets older than 30 turbine years and

contributed data can sign up with NREL through NDAs and access the
interface

= All data accessed by partners through the web
interface are:

* Protected by NDAs and can only be used for internal
references

* Cannot be shared with the general public.
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Web Interface: Welcome Page

Dashboard & shawn Sheng v Gearbox Reliability Database

The Gearbox Reliability Database (GRD) is a unified data platform for utility-scale wind plant owners, operators, and other

stakeholders along the gearbox supply chain. This effort aims to categorize top wind turbine gearbox failure modes, identify

possible root causes, and direct future wind turbine gearbox reliability research and development (R&D) activities. By the

end of 2015, the assets represented by only owner/operator partners on this effort comprised approximately 35% of the U.S.
installed capacity.

As a contributing data-sharing partner, you can use your NREL upload and collect gearbox failure event data

external account to sign in.

If you are interested in becoming a partner, or you would like to
get more information on the GRD, please contact

have full control of data owned by you

Shuangwen (Shawn) Sheng

shuangwen.sheng@nrel.gov
1-303-384-7106 contributing partners can also gain access to
all statistics generated based on the entire

"i“ e dataset
{ | | ]
»!" generate additional statistics such as annual

NATIONAL RENEWABLE ENERGY LABORATORY failure rates and mean-time between failures
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Web Interface: Failure Timeline

= Global data: number of incidents vs. time

" |nteractive updating based on gearbox, turbine, and
component choices.

Dashboard & shawnsheng v Gearbox Reliability Database

Failure Timeline 9

Number of Incidents

D000

Time

Gearbox Manufacturer Turbine Manufacturer Component

OERDJONS

OEEERONOECEE
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Web Interface: Average Downtime

" Partner-owned data compared with global data
= Handy tools for plot capturing, sharing, reporting, and so on.

Dashboard & shawnSheng v+  Gearbox Reliability Database

O} — |

Average Downtime

—e— partner mean
global
global mean

Range

Downtime (days)
HEp
—l

Time
Gearbox Manufacturer Turbine Manufacturer Component

NATIONAL RENEWABLE ENERGY LABORATORY



Web Interface: Data Table

= Full control over own data
" |nteractive editing.

Edit 1t D Gearbox ID Failure Date RTS Date Component Failure Mode
Q" 4194 5431-01 04/20/2013 05/10/2013 Gear

'_T?" 4198 2444-35 03/12/2011 03/26/2011 Bearing

Q,‘ 4202 2444-8 08/14/2012 10/19/2012 Bearing

Q" 4203 2444-5 08/14/2012 10/25/2012 Bearing

Q,‘ 4204 2444-18 04/12/2013 05/02/2013 Bearing

Q" 4206 2444-48 05/02/2012 06/02/2012 Bearing

E’/‘ 4208 2444-21 08/09/2011 11/28/2011 Bearing

Q" 4210 2444-34 07/01/2010 08/05/2010 Bearing
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Web Interface: Data Table (Cont.)

» Data validation and warning if critical information is missed

= Download own and global data, only nonidentifiable fields.

Dashboard & shawn sheng v Gearbox Reliability Databasg
Gearbox ID nciddhts missing critical information Y 6 -+"
2444-21
Failure Date
Failure Date RTS Date Component Failure Mode Failure Location

08/09/2011
RTS Date

04/20/2013 05/10/2013 Gear
11/28/2011
SOEOTC 03/12/2011 03/26/2011 Bearing
Bearing v
Failure Mode 08/14/2012 10/19/2012 Bearing
Select a Failure Mode v
Failure Location 08/14/2012 10/25/2012 Bearing
Select a Failure Location v
T R D 04/12/2013 05/02/2013 Bearing
Select a Gearbox Manufacturer «
T — 05/02/2012 06/02/2012 Bearing
Select a Turbine Manufacturer

08/09/2011 11/28/2011 Bearing
Root Cause

07/01/2010 08/05/2010 Bearing

Cancel Save
12/23/2013 01/24/2013 Bearing

NATIONAL RENEWABLE ENERGY LABORATORY



Web Interface: Data File Uploads

= Standardized data collection template in CSV format

= Automatic database population and data validation.

If you prefer to have NREL import your data into GRD please send your files to Shuangwen (Shawn) Sheng at
shuangwen.sheng@nrel.gov

Please download this template to get started

The first row of the CSV must contain the following headers:

failure_date EZmEEy-1M/DD/YYYY: The failure date of this turbine
rts_date N R-AN/DD/YYYY: The return to service date for this turbine
root_cause [} string: The identified root cause of the failure
report_source [IITEER-string: The source of the report

wtg_mfg XY string: The manufacturer of the turbine

wtg_model T2} string: The modie of the turbine

wtg_total_run_hours XY rumber: The turbine total run time in hours

NATIONAL RENEWABLE ENERGY LABORATORY



Current Observations

= Value of and need for a reliability database demonstrated by:
 Participation of more than 25 partners

 Inquiries on gearbox reliability information from the global
wind community

 Direction of R&D on reliability and mitigation strategies.

= Challenges:

- Standardized reliability data collection practices for not only
gearboxes but also other major components/subsystems

- Lack of representative data of a bigger population to better
reflect the reality

- Actively engage partners to submit data.

NATIONAL RENEWABLE ENERGY LABORATORY




Next Steps

= Focus more on data collection and analysis

= Add annualized failure rates and interactive
Weibull distribution fitting to the web interface, if
feasible

= Expand the scope of data collection to main shaft
bearings and other major components/subsystems.

= Opportunities:

* An objective party for reliability data collection and
analysis to support benchmarking of gearbox reliability
and help improve operation and maintenance practices

« Customized tool development through funded projects.

NATIONAL RENEWABLE ENERGY LABORATORY 20



Thanks for Your Attention!

Special thanks go to the U.S. Department of Energy
and project partners working with NREL on reliability!

—rr e S et =7 —

The Block Island Wind Farm—the first offshore wind farm in

the United States. Photo by Dennis Schroeder, NREL 40389
shuangwen.sheng@nrel.gov

303-384-7106

NATIONAL RENEWABLE ENERGY LABORATORY


mailto:shuangwen.sheng@nrel.gov

	Gearbox Reliability Database: Data Collection and Reporting
	Outline 
	Project Background 
	Data Protection
	Data Collection and Reporting Mechanisms 
	Stand-Alone Software
	Stand-Alone Software (Cont.)
	Stand-Alone Software (Cont.)
	Template in Excel 
	Tablet-Deployable Tool 
	Tablet-Deployable Tool (Cont.) 
	Web Interface: Key Features  
	Web Interface: Welcome Page 
	Web Interface: Failure Timeline 
	Web Interface: Average Downtime  
	Web Interface: Data Table  
	Web Interface: Data Table (Cont.)  
	Web Interface: Data File Uploads 
	Current Observations
	Next Steps 
	Thanks for Your Attention! 


<<

  /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 <>

    /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.)

    /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 <>

  >>

  /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





