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Abstract 
 
This paper gives an overview of how to predict the intensity of the shot peening 
process using currently available technology.  Methodology, tools, and software are 
also discussed.  Real life examples are presented in the areas of optimization, 
troubleshooting, and process modeling.   
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Introduction 
 
Since its inception, shot peening has served a wide variety of industries.  Aerospace, 
automotive, power generation, and medical industries use shot peening to enhance 
the products that we used every day.  This has allowed parts to be more durable, 
smaller, and added to the lifespan of everyday products.  Shot peening also has a 
history of being considered “black magic” or a “headache” in many production 
facilities.  Traditionally, shot peening is a trial and error or even tribal lore when 
setting up equipment for new, or existing process.  Now there is a new technology 
that is available to characterize the shot peening process. 
 
Why would someone want to characterize the Shot Peening Process?  Because it 
will save resources.  The traditional way to setup a machine is very iterative.  The 
process involves an initial setup, which includes setting up nozzles, estimating shot 
flow and air pressure and running an initial saturation curve.  Once the information is 
compiled from the saturation curve, likely, the settings would have to be adjusted and 
would require the generation of another saturation curve.  This cycle would continue 
until the process was within specifications and found acceptable.   
 
Another benefit to process characterization and optimization is the ability to 
understand at what parameters the machine may be unstable or have particularly 
poor performance.    During the normal lifespan of a machine, it will break down, thus 
requiring troubleshooting and failure analysis.  Having the process defined on the 
equipment will assist troubleshooting and bring equipment online faster. 
 
Process characterization is a procedure where the key inputs and outputs of a 
process are identified.  The inputs are typically screened using a Design Of 
Experiment (DOE) to simplify modeling of the process.  Information is gathered over 
the entire operating range so that the stable process region can be identified.  Finally, 
models of the process are built over the operating range of the process.   
 
Looking at shot peening there are a really two primary outputs, intensity and 
coverage.  Intensity is measured with almen strips and can only be determined by 
processing a saturation curve.  Coverage can only be evaluated on an actual part or 
coupon of the same material.  Normally coverage is evaluated visually on the surface 
of the part, sometimes with the aid of magnification, dye or fluorescent tracer.  Since 
coverage is very material dependent, this paper is only addressing the intensity 
aspect of shot peening. 
 



We will now turn the attention to the key inputs of shot peening:  Air pressure, media 
flow rate, media size, media hardness, impingement angle, nozzle type, nozzle 
diameter, hose diameter, hose length, and air quality.  Of these key inputs, some of 
them are out of our control such as media size and media hardness which are 
normally dictated by the OEM.  Things like air quality or hose diameter are 
sometimes beyond our control.  This narrows down the list to air pressure, media 
flow, impingement angle, nozzle type, and nozzle size.   
 
If we wanted to characterize and optimize a process by performing a DOE and using 
a Response Surface Method, the nozzle style would be selected and we would vary 
two numeric factors (air pressure and media flow).  In order to perform this DOE, it 
would require the generation of 13 saturation curves.  If the DOE was expanded to 
include three different nozzle styles (three categorical factors), it would require 39 
saturation curves and that is only for one impingement angle and one media type.  It 
can be seen that a lot of time and money can be consumed in process 
characterization.  How can the process be simplified?   
 
Approach 
 
We started collecting media velocity data in 2004. The first set of velocity 
measurements that were collected revealed a strange anomaly in the velocity profile.  
This was quite a surprise since it was always assumed that more air pressure 
resulted in more velocity for a given shot flow rate.  See Figure 1.  To verify that the 
velocity was actually changing, saturation curves were performed at various points 
which confirmed the velocity data.   

 
Figure 1: Velocity and Intensity Profile 



 
Figure 2: Velocity Profiles at Various Media Flow Rates 

 

 
Figure 3: Velocity - Intensity Correlation Graph 

Further velocity measurements were gathered to understand the unstable region.  As 
the media flow rate increased the anomaly appeared at lower pressures (Figure 2).  
With further testing, it was verified that higher velocity equated to higher intensity. 
This was accomplished by developing saturation curves over a wide variety of 
velocities with different nozzles (Figure 3).  This revealed a fairly linear relationship.  
With this ability to correlate velocity directly to intensity, it greatly simplifies the data 
gathering process.  Once the relationship of velocity to intensity is established, we 
only need to measure the velocity of the shot stream of any nozzle, and then we can 
predict the intensity of that shot stream.  Although theoretical equations have been 



developed to predict intensities, velocity measurements make empirical models much 
simpler to develop because the key inputs of air pressure, media flow, impingement 
angle, nozzle type and nozzle size all affect media velocity.  This creates a machine 
specific model for prediction.   
 
One such velocity measurement device is the Tecnar Shotmeter.  The camera is 
aligned with the shot stream, and velocity measurements are quickly and easily 
gathered.  In addition to process modeling, the ability to measure the velocity is a 
valuable diagnostic tool for tasks such as process optimization, machine health 
checks and troubleshooting of equipment.   
 
Results 
 
An example of process optimization can be seen in Figure 4.  It reveals that the 8 
mm short V nozzle has a velocity drop at ~4.7 bar.  If the machine was set for 5.7 
bar, one could achieve nearly the same results at 4.4 bar.  This instability, which 
could not be easily seen before, can now be identified very quickly and an alternative 
solution could be implemented.  For example, another nozzle could be chosen for 
this application, which may perform better which would allow the air pressure to be 
reduced even further to 3.74 bar.  Furthermore, all the process optimization 
information can be gathered and evaluated without running a single almen strip until 
the very end for verification. 

 
Figure 4: Nozzle Velocity Profiles for Process Optimization 

The same information can also be used for troubleshooting.  If process problems 
occur, the velocity measurements can be compared to previous ones to identify 
potential problems, or eliminate suspected issues.  One such instance occurred 
when a customer was having problems with machine consistency.   The machine 
was not peening within specifications, nor did the machine exhibit repeatability.  After 
monitoring velocity for an extended period of time, it was confirmed that the machine 



was running very stable.  They then traced it back to a lot of almen strips that were 
improperly heat-treated.  Another area where velocity measurements are very helpful 
is on a multi-nozzle machine.  Each nozzle can be checked and compared to the 
other nozzles to ensure they are all peening with the correct intensity.  This greatly 
reduces setup and troubleshooting time. 
 
The last significant way that media velocity measurement simplifies things is in 
process modeling.  As mentioned above, without the ability to measure media 
velocity, process modeling is a very tedious project which includes large designs of 
experiments, hundreds of almen strips, and a lot of machine and personnel time.   
 
The first step is to gather the velocity information for each nozzle size and type over 
the operating range of the machine.  This has to be done for each media type that is 
desired to be modeled.  Typically it requires under an hour to collect the data for 
each nozzle.  Once the data is collected, then the information should be analyzed to 
reveal any unstable velocity regions in the operating range of the nozzle.  This 
information can then be imported into a data analysis tool to analyze the information 
and to output an equation describing the collected information.  The author uses 
Design-Expert by Stat-ease for this function.  A typical equation looks like Eq. 1. A 
media velocity equation is specific to the machine, as there is a wide variety of 
configurations for equipment. Now that there is mathematical model for velocity, 
intensity needs to be combined into the equation. 
 

 v=c1+c2*p+c3*f+c4*p2+c5*f2+c6*p*f+c7*p3 +c8*f3+c9*p2*f+c10*p*f2    (1) 
where v is velocity, f is media flow, p is air pressure, and cx are constants. 

 
To determine the intensity to velocity correlation, saturation curves must be 
performed.  Typically this is collected at the extremes of the velocity, and one or two 
mid points.  Saturation curves should be performed with the media stream at approx 
90 degree angle to the almen strip. This will show the maximum intensity that can be 
achieved.  The author chooses to run these curves at approximately 80–85 degrees 
to minimize the effects of rebounding shot interfering with the media stream. This 
data is then plotted and a simple regression analysis can be performed to determine 
the equation.  A typical equation would look like Eq. 2.  The media intensity to 
velocity equation is specific to the size and hardness of the media, but can be applied 
to any equipment; therefore, it is only required to be developed once. 
 

 i90 = ca*v2 +cb*v+ cc         (2) 
Where i90 is intensity at 90 degree impingement angle, and cy are constants. 

 
The velocity formula (Eq. 1) can be substituted into the velocity term in Eq. 2 for the 
predictive model for intensity.  This model is valid for impingement angles close to 90 
degrees.  Since the velocity vector normal to the surface of the almen strip dictates 
the intensity. At 90 degrees the entire velocity vector is the vector normal to the 
surface.  As the impingement angle changes, so does the normal component to the 
velocity vector.  Equation 3 shows the relationship. To expand the model to cover a 
wider variety of impingement angles, Equation 2 must be substituted into Eq. 3. 
 

iθ = i90*sin(θ)                                                 (3) 
where iθ is intensity at impingement angle θ 

 
This new equation yields a predictive equation of the shot peening process across 
the operating range of the equipment and a variety of impingement angles.  The 
process models that have been developed have been tested down to a 35 degree 



impingement angle and have greatly reduced development time.  Typically, 
intensities can be predicted within .015mm  A.  Table 1 lists actual results from 
process modeling.  Predicted intensities are listed above actual (italicized-bold font) 
intensities. 
 

Table 1: Predicted vs. Actual Intensity Values from Process Modeling 

 
45 Degree 60 Degree 90 degree 

 

Air 
Pres 
(Bar) 

Media 
Flow 
(kg/min) 

Intensity 
(mm) 
Pred/ 
Actual 

Air 
Pres
(Bar) 

Media 
Flow 
(kg/min) 

Intensity 
(mm) 
Pred/ 
Actual 

Air 
Pres 
(Bar) 

Media 
Flow 
(kg/min) 

Intensity 
(mm) 
Pred/ 
Actual 

.15-

.23N 1.02 9.1 0.188 0.75 9.1 0.188 0.68 9.1 0.206 
0.196 0.185 0.211 

.25-

.38N 1.50 2.7 0.320 0.95 2.7 0.320 0.68 2.7 0.320 
0.297 0.315 0.315 

.10-

.18A 2.31 2.7 0.140 1.43 2.7 0.140 1.02 2.7 0.140 
0.124 0.137 0.142 

.15-

.23A 6.12 1.4 0.183 3.06 2.7 0.188 2.11 2.7 0.191 
0.160 0.183 0.193 

 
 
Conclusion 
 
In conclusion, process characterization with regards to shot peening has been very 
difficult in the past.  Although theoretical equations were developed to predict 
intensity, machinery specific velocity can reveal a greater level of detail including 
potentially unstable regions which should be avoided in shot peening process 
development. This information can be compiled to build an empirical model of 
specific equipment to reduce process development time. New technology which can 
measure the velocity of peening media greatly simplifies the process. This 
information can also aid in process optimization and assist in machine 
troubleshooting.   



<<
  /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 1.7
  /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
    /Arial-Black
    /Arial-BoldMT
    /ArialMT
  ]
  /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 0.40
    /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 (None)
  /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


