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Application of interest

2

Gear Box for Aerospace vehicles

• high performance

• low weight
Spur Gears



Tip Relief Modification

What is Tip Relief Modification ?

Material removal along the involute profile at the 
tip of the tooth

Bidimensional
sketch for a 
modified Spur 
Gears Tooth

What is the use of Tip Relief Modification ?

• Better meshing engagement of tooth pairs

• Transmission Error trace modified (PPTE reduced) 3



Tip Relief Modification
Material removal along 
normal directionRoll Angle 

parameterization

Geometrical definition of Tip Relief Modification

• Tip Relief Topography (either Linear or Parabolic)

• Start Tip Relief Ps (related Roll Angle)

• Max. material removal at the top ve
4



Linear Tip Relief Modification

• It produces a low PPTE, very useful in terms of 
whining noise, especially for Spur Gears, so this 
kind of modification is very appreciated
• It generates a sharp edge at the Tip Relief start 
Point. Even though the angle is very flat, the solid 
elastic Contact Pressure solution is singular

sharp edge at 
start relief point

nominal involute profile

modified profile
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Linear Tip Relief Modification

• Nominal Contact Pressure solution

If the contact zone encompasses one or both the 
start relief points, Contact Pressure rises to infinity
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Numerical models
Numerical models produce not stable results (mesh 
depending) when the Ps is inside the Contact Region

stable Result not stable Result 7



Why not to accept sharp edge and 
singular contact pressure

• Every technological process can not produce a perfectly 
sharp edge

• The angle at the tip relief start point is so flat that the 
surface roughness has to be considered for defining 
the corner region

• After a short run in the material necessarily yields or 
wears, and sharp edges should be blunted
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Micro pitting prediction model needed

• If C2 (even C1) continuity condition is satisfied the Hertz 
Contact Pressure is accepted to be the nominal 
stress for Micro-Pitting material resistance prediction

Nominal Hertz 
max. Pressure

• If C0 continuity condition is satisfied only, a nominal 
Contact Pressure stress value is not available

Nominal max. 
Pressure needed
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Definition of an effective regular profile

Golden Rules to fulfill for effective profile definition

• The profile need to satisfy C1 continuity (enough in terms of 
well defined Contact Pressure and its regularity)

• The profile in the zone of Ps has a curvature influenced by
the roughness parameters (such as Ra)

• The profile has to reproduce the nominal profile as much 
as possible (for example not near Ps)

• The method must to be simple
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Data for the definition of an effective 
regular profile

Experimental data available: 800 profiles points inside the 
design tolerance band, on which define the effective profile
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Definition of an effective regular profile
2Ra related boundaries offset with reference to nominal design

maximum Radius Linear-Fillet-Linear, with parabolic fillet 12



Definition of an effective regular profile

Strong curvature step, but C1 condition fulfilled
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Definition of an effective regular profile

Quite narrow statistical distribution of fillet Radii 
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Contact Pressure Results

• Numerical stable results

• Different combinations for statistical sake, then statistical 
results variation

• Very high Contact Pressure found 15



Contact Pressure Results

Profile and related 
points, plus 
Acquisition limits

Nominal 
Modification, plus
acquisition points
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Contact Pressure 
evolution on the 
profile

Contact Pressure rise due to “sharp edges” in contact



Experimental Evidence

Experimental 
equipment for Profile 
and Roughness 
detection

Equipment scheme for 
“horizontal tooth flank”
displacement
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Experimental Evidence

18

Micro-Pits found

Micro-Pitting lines

Evidence of opposite 
Rolling-Sliding 
combinations, from 
Pits’ borders



Conclusion

• A simple method to perform a regression to a regular 
profile, in the case of singular nominally profile, was 
shown and experimentally validated.

• The only micro-geometry parameter leading the regression 
is the roughness Ra, around the Start Relief Point.

• Numerical simulations were performed and micro-pitting 
evidence provided for the high contact pressure found.

• The coincidence found is good.

19



<<
  /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
  /SyntheticBoldness 1.00
  /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


