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Example of Pinion w/ Adhesive A
Wear Initiated Failure Mode 4

This series of pictures is indicative of the failure progression: 1) early adhesion
2)initial macropitting 3) advanced macropitting 4) early spalling 5) advanced
spalling 6) final spalling
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Metallurgical Analysis

 Several pinions were analyzed ( both field

failures and new)
» X-Ray Fast Stress, Microstructure (optical), Chemical
composition (GDOES spectrograph)

 Early failure mode is adhesive wear which
causes pitting, progressing into a spalling
failure.

Pitting

» Hardness, case depth, surface carbon, core ™ turned
hardness, and chemistry were within print : into
specifications. i spalling

 Residual compressive stress profiles were not | failure

part of the current failure mode. However, flank
peening will improve (increase) the residual
compressive stress profile.
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Adhesive Wear

Adhesive wear results from high attractive-forces of the atoms
composing each of two contacting, sliding surfaces. Teeth contact
at random asperities and a strong bond is formed. The junction
area grows until a particle is transferred across the contact
interface. In subsequent encounters, the transferred fragment
fractures or fatigues away, forming a wear particle.

(Troubleshooting Gear Drives, The Falk Corporation)
Note vertical lines

Unlike surface fatigue that takes time to initiate, adhesive wear can S ——.
occur immediately. Heavily loaded slow-moving components are
the most prone to adhesive wear. Contact stress, surface finish,
sliding velocity, surface hardness, lubricant viscosity and additives
affect the onset of adhesive wear. Also known as scuffing and
galling, adhesive wear may be the least controllable as compared to
contact fatigue and abrasion. ... when loads are exceedingly high,
there may be a need to deploy surface-active EP/AW additives or

solid lubricants (borate, molybdenum disulfide, graphite, etc.). Adhesive wear
(Machinery Lubrication Issue # 200209)
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Geometry Investigation oA

» Acceptable development Wlth regards to pattern position
& length. % o
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Gear Design / FEA

FEA model of straight blade gear FEA model of curved-blade gear
design. q design.
Cg = 346.1 ksi Cg=302.4 ksi
INPUT FILE: BASELINEdrive _ N . INPUT FILE: TESTAdrive _ N .
OUTPUT FILE: BASELINEdriveout e L s e OUTPUT FILE: TESTddriveout U e e
GEAR TORQUE: 24975.0 1b-ft =  0.0000 in G= 0.00313 in GEAR TORQUE: 24975.0 1b-ft g= 0.0000 in &= 0.00281 in
02424\2003 VERSION 7.21 cmf= 1.0000 = 0.00018 rad 0242742003 VERSION 7.21 cmf= 1.0000 = 0.00015 rad
Separation factor= 0.00025 Separation factor= 0.00025
GEAR CONTACT STRESS GEAR CONTACT STRESS
CONTACT STRESS ipsi) CONTACT STRESS ipsi)
— 346145.0 — 302423.8
— 307684.5 — 268821.2
— 26%8223.% — 235Z218.5
— 230763.3 — 201615.%
— 15%230Z2.8 — 168013.2
— 153g42.2 — 134410.6
— 115381.7 — 100807.%
— 76%21.1 — 67205.3
— 3B460.6 — 33602.6

= 209797.8 pai MAY PITCH LINE STRERS = 2961409 psi

s
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Dynamometer Testing

Curved blade design, 5.429:1 ratio

*First sample suspended at 232 hrs (B, life = 71 hrs — accelerated test)
Indications of adhesive wear

*Second sample failed at 114 hrs (Exceeded minimum test criteria)
eFailure mode 1s to be analyzed

*First sample will be put back on test & run until failure

d}
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Conclusion

* Parts met metallurgical specifications.
* Failure mode appears to be from adhesive wear which could be
caused by;
- Contact stress,
- Surface finish,
- Sliding velocity,
- Surface hardness,
- Lubricant viscosity and additives
* Gear geometry and pattern was found to be acceptable.
e Curved blade design results in lower contact stress and up to 4
times pitting fatigue life increase.
 Dynamometer tests confirm the curved blade design.
* Lubrication is a major contributor to this failure mode.

~DANA - SpPJCER OFF-HIGHWAY PRODUCTS DIVISION Form 80-846





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


