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The Team
• Faculty

• Dr. David Gill
• Dr. Derek Yip-Hoi

• Undergraduate 
Students
• Max Meaker
• Erica Eggeman
• Taryn Boni
• Alex Brennen
• Aiden Anderson

Students present their research to 
U.S. Congressman Rick Larsen in our lab



The Application

Nomex Honeycomb
• Lightweight
• Strong
• Machinable
• Available in different 

cell sizes and shapes
• Can be formed to 

complex compound 
curves

Aerospace Applications
• Engine Fairings
• Hatch Covers
• Rotor Blades
• Aircraft Interiors

Other Applications
• Electric Vehicles
• High Perf. Vehicles
• High Perf. Marine



The Challenge
• Machining of Aramid Honeycomb experiences high 

rates of tool wear
• Tools cost $170-$500 each
• Machining times can be only a few hours

But…
• We are machining paper
• 96% of the volume is air
• Sure, there is a phenolic component

• But Why is Tool Life So Short? A Parametric Model Created 
to Study Contact Between 

the Tool & Honeycomb 



How We Studied the Problem
• Began with tool life testing
• Used a woodworking 

router in a CNC Machine
• Used manufacturer’s 

recommended cutting 
parameters

• Began with 3.175mm (1/8th

in), normally expanded, 
Nomex honeycomb

A woodworking router mounted in a CNC 
machine provided recommended spindle 

speeds and axis feedrates

Total machining time of 97min before repeated tearout

N=17,500rpm, f=3810mm/min (150ipm), doca=9.5mm (0.375”) 
Conventional Milling, 75% radial engagement, 5°Lead, 0°Tilt



Machining Honeycomb

Material is quickly machined producing very long chips

Watch Video: Nomex_Honeycomb_NX_0_deg_twist_medbit.mp4



A Word About the Tool
What tool:
• 12.7mm Pocketing Shredder End Mill
• 10 flute carbide tool, AWAC3 coating

Why we chose it:
• Used by partner companies for many machining operations
• Experiences a high wear rate

However:
• The companies use 16mm more often, but only 12mm fits in 

the router – cutting dynamics were assumed to be similar



High Speed Video Camera
• 20,000 frames/sec
• Get an image every 5.25° tool rotation at 17,500rpm
• ~1.0s of data (depending on Region of Interest)

Photron Fastcam SA-5
• 1024x1024 @ 7,500fps
• 32GB memory
• ISO10,000 (B&W)
• Download speed is fast, 

but…
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Cutting Honeycomb at 20,000fps

New tool (3 seconds 
total cut time) deflects 
cell walls instead of 

cutting them

Watch Video: T3_Honeycomb_Top_medbit.mp4

Presenter
Presentation Notes
As it cuts, notice the way that the 



And a Side View

Cell walls rub against 
tool for extended 
periods of time

Watch Video: 

T3_Honeycomb_Side_medbit.mp4

Presenter
Presentation Notes
Video begins and shows full cell wall sections remaining connected and flapping against the tool for extended lengths of time (200% speed)The second video show that the wall sections remain connected and form a very long chip.  (This section is 3x faster than beginning of video, but appears slower due to skipping images)



The Cells Collapse

• Cell walls bend and collapse far in front of cutter
• Individual cell wall sections remain connected to the 

structure long after the tool has passed (orange dashed line 
in center figure)

Presenter
Presentation Notes
See chips that are 10cm long (4”) from new cutting tools



Climb Cutting

Conventional
Cutting

Climb
Cutting

Chip

Climb Cutting Reduced Overall 
Chip Length, But Did Not Appear 
To Reduce Rubbing Of Tool Face

Watch Video: 

T3_NX_Honeycomb_Climb_50pct.mp4

Presenter
Presentation Notes
Notice the way that the tool rubs individually as each tooth goes by



An Unsuccessful Attempt to Quantify
• Attempted to take thermal images during 

machining and immediately upon stopping
• Results showed heat, but not sufficient to 

cause tool wear
• Camera resolution is likely a problem with 

this measurement Infrared image taken 
during machining



Conclusions
• Shredding action is not proving effective

• Skinned honeycomb would require the shredding

• Cell wall collapse causes most material to rub on the 
tool for an extended period of time

• Hypothesized link between tool wear and rubbing is 
anecdotal and unproven at this point

• High speed videography revealed interesting (and 
useful?) information about the cutting process



Acknowledgement & Invitation

Thank you to:
• Hexcel, Inc. for aramid honeycomb
• Controx-Neuhauser for tool discounts
• Itronx Imaging Technologies for extra camera days

Invitation for partnership:
• Looking for project partners to continue the work



Questions


	Slide Number 1
	The Team
	The Application
	The Challenge
	How We Studied the Problem
	Machining Honeycomb
	A Word About the Tool
	High Speed Video Camera
	Cutting Honeycomb at 20,000fps
	And a Side View
	The Cells Collapse
	Climb Cutting
	An Unsuccessful Attempt to Quantify
	Conclusions
	Acknowledgement & Invitation
	Questions


<<
  /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


