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 Abstract 
  
Most of machining process that applied on one side  of  aircraft parts will leaves the 
parts in high stress state and this condition is the main causes of distortion. There 
are several methods that used for correction of the distortion and  Corrective Shot 
Peening is one of them.    
Corrective Shot Peening is  the  combination  of  the  art  and  the  rule  of  thumb  by  
applying  of peening principle with S280 and /or S330 steel shot size to induce 
energy lock by  lengthen specific area of the part and this will release the distortion.  
This paper will prepared the corrective peening method to overcome the distortion on 
7000 series of  aluminum structural parts which will  impact  on  fit,  form,  function  
and  parts  service  life  in assembly line  
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a.  Introduction   
  
Machining processes consists of milling, drilling, turning and boring. Machining 
process is applied to any kind of raw materials in order to meet the engineering 
drawing requirements. In milling process especially for one side machining only, will 
contribute the unbalance in term of residual stress and form a new equilibrium and 
followed by distortion or defection.   
To minimize the distortion some improvement will be done such as improvement in 
machining method (depth of cut ; cutting speed and cooling system). For distortion 
parts will be corrected by corrective peening method.  
  
Corrective shot peening is a cold working process in which the surface of the material 
is bombarded with small spherical media called shot. Shot peening of metallic 
materials is an effective procedure to increase the fatigue limit of alloys as well as to 
prevent stress corrosion cracks of structural parts.   
  
The effect of shot peening is to induce compressive layer where residual stress exist, 
one of the benefit of this process has been well-known as to improve fatigue life. In a 
wide range of technical fields, shot peening treatment can be applied to every kind of 
metal product and utilized. One of the shot peening methods which is used in 
correcting the distortion on the machined part made of billet.  
 
b.  Corrective Shot Peening   
  
As described earlier, the shot peening process is carried out by a stream of small 
spherical shots, propelled at a high velocity and under controlled conditions, are 
bombarded onto a surface of metallic component.  
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The Corrective Shot Peening is a preferred method to correct the distortion of a 
parts/components as it does not induce tensile stresses. Corrective Shot Peening is 
the combination of the art and the rule of thumb by applying of peening principle with 
cast steel shot to induce energy lock by lengthen specific area of the part and this will 
correct the distortion.   
  
The basic force equation is equal to mass time acceleration or pressure time area. If 
the steel ball with mass 4/3 𝜋𝜌 [R]3  and given acceleration, a = 𝑑𝑉

𝑑𝑡
  bombarded the 

surface of part, relation between force, mass, acceleration and pressure could be 
stated as equation (1) 
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Where [P] is pressure that occur on the surface of part and [𝜋a]2 is dimple area due 
to controlled velocity of steel ball. 
Relation among [P] and young modulus [E] and also yield stress, σy   will be shown 
on equation (2) [1]   
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Due to repeated the bombardments of steel shot, Hertz propose [1] [P] will be 

replaced with equation (3) as shown bellow  
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By gradually shot peen on certain area with controlled velocity of steel shot will get 
locking area to prevent the distortion back to original condition.  
 
Control intensity will be performed by using Almen strip type C.  Almen strip  for 
corrective peening  is made from  material SAE 1070  cold  rolled  spring  steel  with 
hardness 44 to 52 HRC. The difference Almen C and A is only on the thickness, both 
size of length and width is the same, those are  0.745 – 0.750 inch of length and 3.0 - 
0.015 inch of width. The shot used in correcting the distortion on the component 
made of cast steel with different sizes. Usually, size S330, S460, S550 shot size with 
high hardness range from 55 to 62 HRC is used.    
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c.  Experimental Procedure  
 
c.1.  Flow Diagram of Corrective Shot Peening 

In the observation, we use material Aluminum 7000 series with dimension 5500 
mm x 1500 mm x 150 mm. After machining process, the parts that produced 
will verify for distortion or deflection as shown on Figure 1. Currently, we use 
steel shot size S330 with hardness range from 55 to 62 HRC. Intensity 
verification by using Almen C should be done to determine the machine 
parameters prior to used for corrective peening. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 1. Diagram flow of corrective peening 
 
c .2. Description of Process Step  
 

1. Prior to commencing this process, the distortion  or deflection  needs to be 
assessed by placing the component on the surface table in order to 
evaluate the direction and the amount of the distortion.  
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Figure 2. Assessment of the distortion of part on the surface table 
 
 

2. Normally the component should be placed with the ends off the table, i.e. 
the component rocks side to side. There may be occasion when the 
component will require loading to assist the movement or the direction of 
movement. This normally true for shorter components, as on longer 
components it will move by its own weight.  
  

3. The area which needs to be shot peened is normally above the neutral axis 
of the component. This stretches the top layer thus reducing the Distortion . 

  

 
 

Figure 3. Area to be corrective peened 
 

 
 

4. Once the part is shot peened the component is revaluated for flatness. 
Gradually area corrective peened will be enlarger, increase intensity or 
combine it to get flatness. Corrective shot peening should be continued till 
meet the maximum acceptance deflection tolerance 1 mm/meter (see fig.4) 

 
 

15-29mm 
Corrective peening 

big/large part 
Surface table 



 
 

Figure 4. Revaluated for flatness on the surface table 
 
 
 
 
d. Result And Discussion  
 

1. Generally, distortion or deflection on large machined parts always occur, 
especially parts that milled on one side. Deflection is reflect to the how high 
the residual stress that exist on the raw material. In our experience during 7 
years for more than 140 parts indicate that if the milling speed increased the 
deflection result arise 26-29 mm (compared to less than 20 mm with low speed 
machine).  Source of the magnitude of deflection also usually as effect of :  
• depth of cut, milling speed and also effectiveness of the coolant system.   
• number of  stringer  and the thickness is  unbalance  to the width of parts.   
• Residual stress on the material it self.   

 
2. Corrective peering is one of method to make the part become flatness.  The 

principle of corrective peening is unsaturated shot peening.  In the operation of 
corrective peening the parts shall be pre-stressed by clamping on the table on 
the deflection area prior to corrective peening. So, during operation of 
corrective peening, on the pre-stressed area will lock, or energy store so that 
return of deflection will be prevent. Due to the deflection in variation condition, 
the corrective peening will be performed gradually and repeated to arise 
flatness as per design drawing requirements. In our experience, on the 
engineering drawing requirements state that the normal flatness tolerance is 1 
mm per 1000 mm length.  For certain parts distortion can be accepted if light 
hand pressure can be used to reach the flatness. 

 
3. Once all correction of distortion has been completed, the roughness of 

corrective peening area is high and will impact to fatigue life. To prevent of this 
condition, all the area corrective peening shall be sanding by abrasive paper 
grade 800 or fine and than component needs to be saturation shot peened to 
even out the stresses.  

 
 
 
 

Rest of deflection 



 
e. Conclusion And Recommendation 
 

1. All areas especially pockets needs to be masked as so not distort/damage   
2. The amount of impact energy required is determined by thickness  and the 

amount of distortion present.  
3. One important evidence of this process is the surface roughness due to the 

high impact energy.   
4. All areas that have been corrected will require the edge roll to be removed and 

the surface improved by light sanding.   
 
 
f. References:  
 

1. Al Hassani, ST. The Shot Peening of Metal Mechanics and Structure, 821452, 
Dept. of Mechanical Engineering, The University of Manchester, Institute of 
Science & Technology, UK, 1982 

2. BAC 5730, Shot Peening  
3. ABP1-2028, Shot Peening for Improved Fatigue and Stress Corrosion 

Resistance   
4. ABP1-2353, Shot Peening General Requirements   
5. ABP1-2026, Shot Peen forming and Distortion correction of Metal parts    
6. I-D+P- 06, Shot Peening  
7. PS20-0-35-0205, Dry Shot Peening to improved Fatigue Strength   



<<
  /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


