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The slitting method can be employed to determine a residual stress distribution along one direction and can give

good results near the surface or through the thickness. Slitting consists of three main steps: strain gage

application (Figures 1 and 2), incremental slitting while monitoring near-slit strain change (Figure 3), and data

reduction.

Theoretical development and details of the slitting method can be found in the open literature. Much of the

development is due to Finnie and co-workers, and was extensively reviewed by Prime
1
. Some of our own work

has been directed to more fully document the method and to illustrate the influences of various choices made in

carrying out the method
2
. A standard method for slitting is currently in development within ASTM.

The research work in our laboratory is directed to address the influences of residual stress on the mechanical

performance of materials, and slitting has been a valuable tool. We have found slitting to be a stable, adaptable,

and reliable method for residual stress determination in a wide variety of materials (metallics, plastics, FGMs,

and single crystals) and geometries (plates, disks, cylinders). A few examples from recent studies on residual

stress induced by laser peening and other surface treatments (Figures 4 and 5) are included to illustrate the

capability of the method. Further details can be provided upon request.
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Figure 1: Slitting method schematic where slitting is used to determine the distribution of the axial stress in a beam or a plate as a

function of depth from the surface (i.e., yy(x)). One or two strain gages are commonly employed in slitting measurements, one near

the start of the slit (“top” gage) and one on the back of the coupon, in line with the slit (“bottom” gage). The top gage gives good

sensitivity for shallow cuts, and the bottom gage gives good sensitivity for deep cuts.

(a) (b) (c)
Figure 2: Strain gage application on back face of coupon (bottom gage): (a) strain gage application, (b) lead wire attachment, (c)

waterproof coating (3145 RTV). Proper waterproofing is important when cutting with wire EDM.
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(a) (b) (c)
Figure 3: Slitting experiment underway in submerged wire EDM tool (a and b) and (c) post-experiment microscope image of a top

strain gage next to the EDM slit (gage grid length is 0.031 inch (0.79 mm) and slit width is 0.010 inch (0.25 mm)). Wire EDM has

little influence on measured residual stress
3
, exerting no mechanical force on the part during cutting and providing a very narrow slit

with excellent dimensional accuracy.
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X = Irradiance, GW/cm
2

Y = Pulsewidth, ns
Z = Number of layers
       (coverage)

-1000

-800

-600

-400

-200

0

200

400

0 1 2 3 4 5

(2-18-2) 4pt-3

(2-18-4) 4pt-5

(2-18-8) 4pt-6

(10-18-2) Block4

(Glass Bead) 4pt-8

R
e

s
id

u
a

l 
s

tr
e

s
s

 (
M

P
a

)

Depth from Surface (mm)

Key to LP parameters:
X-Y-Z

X = Irradiance, GW/cm
2

Y = Pulsewidth, ns
Z = Number of layers
       (coverage)
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Figure 4: Results for a recent set of slitting measurements using only a single bottom strain gage on each coupon: (a) Strain versus

depth data, and (b) computed residual stresses. Note the large measured strain values, which are typical of the slitting method. Results

compare residual stress from surface treatments applied to 12.7 mm thick Ti6Al4V blocks. In this material, residual stress from laser

peening depends significantly on both irradiance (laser pulse power per unit area) and number of peening layers. Published studies

have shown that the very deep residual stresses generated by laser peening provide significantly improved resistance to failure by

corrosion and fatigue.
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Figure 5: Results for another recent set of slitting measurements illustrating the effects of laser peening parameters on residual stress

in 20 mm thick Alloy 22. The number of peening layers was found to influence residual stress depth much more than laser pulse

irradiance.

                                                  
3
 Cheng, W., Finnie, I., Gremaud, M., and Prime, M. B., 1994, “Measurement of Near Surface Residual Stresses Using Electrical

Discharge Wire Machining,” J. Eng. Mater. Technol., 116, pp. 1-7.



<<
  /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 1.3
  /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 <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


