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Abstract 

Shot peening has been developed to enhance the fatigue strength of metallic parts. 
However, improper shot peening can decrease the fatigue life due to induced high surface 
roughness and residual tensile stress. The effectiveness of the manual shot peening process 
is accomplished by the control of the process parameters to provide a uniform intensity and 
coverage throughout the work piece. This research reports the results of manual shot 
peening conditions and develops a relationship between the fatigue life and peening process 
parameters on Al 7050-T7451. 

Introduction 

Cold working of the surface of materials is a widely used method that has been around for 
centuries and shot peening is one of the many methods of this type of surface treatment [1-
5]. Shot peening is a simple concept, but the process is complex. The shot peening process 
produces several changes in the workpiece material, including material folding, changes to 
microstructure, residual stresses, and surface roughness. Some of these changes are 
beneficial, and some are potentially detrimental [6-9]. Modern day shot peening is a highly 
controlled automated process, complex shape and/or size components necessitate the need 
for manual shot peening treatment to induce the compressive residual stress [3]. However, 
in manual peening operation, the control of intensity and coverage is of vital importance to 
maintain consistent process quality [4]. The intensity can be found for varying input 
conditions which are Stand-Off Distance (SOD), impingement angle, air pressure, shot size, 
shot properties, and material properties. Limited manual peening studies and their impact on 
components are published and there exists a real need for extensive experimental study to 
cover all the aspects that make for optimizing the manual peening process [10, 11].  

The purpose of this paper is to investigate the manual shot peening process parameters on 
intensity and coverage and also to evaluate the fatigue performance of a manually peened 
aluminum alloy under high cycle loading conditions. This investigation also provides 
information on process parameters used to identify optimal manual shot peening conditions 
and to develop a relationship between the fatigue life and coverage and intensity. 

Experimental Setup and Procedure 

The A type Almen strips used to produce the test strips are an SAE 1070 CRS (cold rolled 
spring steel) with a standard hardness of 44-50 HRC and the shot material is cast steel shot 
S230. The manual shot peening system, which is a vacuum-blasting system from Vacublast, 
was employed with a 6 mm diameter nozzle. The A - Almen test strip meets the 
requirements of SAE J442 and SAE AMS 2432B. The range of applied pressure is from 55 
kPa to 242 kPa (8 psi to 35 psi). A specially designed and built fixture was used to maintain 
a constant stand-off distance for a selected angle of impingement in this manual shot 
peening experimental study. Three stand-off distances were considered (152 mm, 192 mm 
and 305 mm) and a 305 mm SOD was the maxium stand-off distance between the work 
piece and the nozzle. A maximum flatness of +/-0.01 mm was employed [2] and Almen test 
strips with more or less maximum flatness tolerance values were rejected. To obtain 
coverage and intensity data on test material, Aluminum 7050-T7451 square blocks (100 mm 



X 100 mm) were utilized for generating intensity and coverage.  The peening conditions 
were varied as follows: air pressure (69-249 kPa), stand-off distance (152-305 mm), and 
angle of impingement (30-90 degrees). The design of experiments analytical method yielded 
a total of 14 experimental combinations. Image analysis [12] was utilized to estimate the 
percentage of the coverage area and further experimental details can be found in Refs.10 
and 11. Surface topography was evaluated by using optical microscopy, surface profilometry 
and the subsurface quality was evaluated by microhardness measurements.  

The effect of the manual shot peening process induced intensity and coverage on the fatigue 
life of an aluminum alloy (Al 7050-T745) was evaluated. The fatigue specimens were 
manually shot peened with four variables: air pressure, stand-off distance, impingement 
angle, and peening time. Peened and unpeened hourglass-shaped circular cross section 
specimens of Al 7050-T745 were fatigue tested in completely reversed rotation bending (R = 
Smin/Smax = -1). Based on intensity and coverage, all specimens were devided into seven 
groups. Each group consists of a minimum of 5 specimens. The fatigue life from 104 to 106 
cycles was the desired target range and one maximum stress of 310 MPa (45 ksi) was 
chosen. A commercial R. R. Moore rotating bending fatigue test machine was used at 
rotational speeds of 1,200 RPM.  
 
Results and Discussion 

Intensity 

Figure 1 shows typical Almen saturation curves and the effects of peening parameters on 
Almen intensity. Each data point on saturation curve (Fig. 1a), is the average of three arc 
height values at each time. Saturation point (Intensity) was found as a point on the graph, 
where a doubling of the peening time does not result in more than a 10% increase in arc 
height of the strip curvature. All strips (at or beyond saturation) are also visually examined 
after peening to assure that a 100% coverage is achieved.  

Figure 1 (b) illustrates the relationship between Almen intensity and air pressure at 152 mm 
(6 inch) SOD and 60° impingement angle. The Almen intensity increased from 0.131 mm(A) 
to 0.243 mm(A) when the air pressure increased from 69 kPa to 242 kPa (10 psi to 35 psi). 
The variation in air pressure exhibits a nearly linear increase in Almen intensity. An increase 
in impingement angle causes an increase in Almen intensity. Figure 1 (c) shows how the 
intensity changes at a different impingement angle for given 305 mm (12 inches) SOD and 
172 kPa air pressure. The intensity varies from 0.147 mm(A) to 0.243 mm(A) when the 
impingement angle changes from 30° to 90°. The gradient of the first linear curve at a lower 
impingement angle is greater than the second one. Based on this result, it is clear that 
changes in impingement angle have a pronounced effect at low angles and very little effect 
at angles greater than 70°. The graph of Almen intensity versus SOD is shown in Figure 1 (d) 
for varying impingement angles. Increasing SOD from 152 mm to 305 mm decreases the 
intensity and SOD at lower impingement angle has the greater effect on intensity.  

Coverage 

Figure 2 shows the typical coverage analysis by Image J for both an Almen test strip, and Al 
7050 flat block specimen. The original micrographs and binary images shown are for typical 
low coverage points and the relationship between the coverage and the peening times 
deduced from this series of experiments are also shown in the plot. Higher intensities 
caused a reduction in the time to reach 400% coverage as expected. Therefore, the energy 
is closely related with coverage time. Increasing air pressure and impingement angle from 
30° to 90° decreased the coverage time for a constant SOD and is consistent with the work 
of others [9]. It is also observed that by decreasing SOD for a given impingement angle, the 
time needed for 100% was found to be reduced. 



           

(a)  Typical Almen saturation curves                           (b)  Intensity vs. Air pressure 
                                                                                (SOD: 152 mm (6 inches), impingement angle: 60°) 
   

       

 (c)  Intensity vs. impingement angle   (d)  Intensity vs. stand-off distance 
 (air pressure:172  kPa, SOD: 305 mm (12 inches))     (air pressure: 172  kPa) 

Figure 1. Typical Almen saturation curve and effect of peening parameters on Almen intensity 

                    
S230, p = 69 kpa, SOD = 305 mm, Angle = 90°          S230, p = 172 kPa, SOD = 229 mm, Angle = 60° 
Figure 2. Typical examples of coverage analysis by Image J and the development of coverage 

with exposure time for Almen strip and Al 7050 flat block.  

Fatigue Life  

Figure 3 shows a plot of root mean square surface roughness (Rq) vs. coverage for polished 
Al 7050 block peened using 172 kPa air pressure, 305 mm SOD, and 90° impingement 
angle conditions.  Note that increasing % of coverage causes an increase in the degree of 
surface roughness because the more media impacts the material. Subsurface 
microhardness was measured and reported previously [11]. Subsurface microhardness 
varies depending on the degree of % coverage and the increase in surface hardness was 
found to be about 15-20%.   



 

 
Conditions: S230, 172 kPa pressure, 305 mm SOD, and 90° impingement angle. 

 
Figure 3. Surface roughness (Rq) vs. Coverage. 

Figure 4 shows photograph of the as-machined and shot peened surface of circular 
hourglass-shaped bending fatigue specimens. Note the machining feed marks on the as-
machined specimen. However, the shot peening process clearly suppressed and/or modified 
all the feed marks and generated a homogeneous peened surface. 

Figure 5 shows the coverage effect on the fatigue lives of the specimens.  It is clearly shown 
that the fatigue life of a shot peened specimen is higher than that of an as-machined 
specimen. The most fatigue life improvement  occurred with Groups “S”, “N” and “P” which 
are at 0.15 mmA intensity and from 95% to 200% coverages. It is found that Groups “S”, “N” 
and “P” have roughly about 2.5 µm of surface roughenss (Ra) value and surface 
microharness was about 15% - 20% higher than the unpeened surface. These results clearly 
demonstrate that specimens were shot peened unformly on its entire surface, and the best 
coverage region is found to be from 95% to 200% in Al 7050. 

 

Figure 4. Typical surface images of as-machined and shot peened circular hourglass-shaped 
specimens. 

The shot peening intensity effect on the fatigue life of Al 7050 is shown in Figure 6.  The  
greatest shot peening effect on the fatigue life occurs at 0.1 mmA – 0.15 mmA intensity. The 
fatigue life was decreased as intensity increased to 0.25 mmA. Indeed, increasing shot 
peening intensity increased the surface roughness and decreased the fatigue performance. 
For example, when Group “M” and Group “O” were shot peened at 0.1 mmA and 0.25 mmA, 
respectively, the average surface roughness values of the two groups are about 2 µm and 5 
µm, respectively, shown in Figure 6. The surface roughness of Group “O” is about 2.5 times 
higher than that of Group “M”. The fatigue life of Group “M” is about 250,000 cycles and it is 
about 1.67 times higher than that of Group “O”. It is clearly indicated that increasing the 
surface roughness induced by a higher intensity shot peening process creates a decrease in 
the fatigue life of Al 7050 specimens.  



 

Figure 5. Shot peening coverage effect of the fatigue life of Al 7050. 

 

Figure 6. Shot peening intensity effect of the fatigue life of Al 7050. 

 
As-machined specimen 

 
Shot peened specimen 

 
Figure 7. Typical fracture surfaces of as-machined and shot peened Al 7050 specimens. 

Typical fracture surfaces of the fatigued specimens are shown in Figure 7. The fatigue 
cracks intiated on the surfaces of all the specimens tested in the as-machined condition. As 
expected, in all the shot peened specimens, fatigue cracks initiated in subsurface regions. 
Group "N" and Group "Q" have the same SOD and impingement angle but have different air 
pressure and % coverage. The fatigue lives of Group "N" and Group "Q" are 277,000 cycles 

Crack Initiation 

Crack Initiation 



and 101,000cycles, respectively, shown in Figure 5. It is clearly shown that the fatigue life of 
Group "N" is 2.7 times higher than that of Group "Q". The intensity and coverage of Group 
“N” produce a clean surface without micro-cracks and folding. However, the intensity and 
coverage of Group “Q” generate an over-peening effect on the material surface and induce 
large amounts of micro-cracks and folding. Excessive or aggressive peening leads to defects 
being buried in the sub-surface and forms very deep laps, which do not influence the surface 
roughness measurement, while greatly reducing fatigue life.  

Summary and Conclusions 

A series of experiments were performed to characterize the shot peening process in terms of 
peening input parameters such as shot size and properties, air pressure, impingement angle, 
SOD, feed rate, and material properties. Intensity, saturation and coverage were determined 
experimentally by varying the processing conditions. Experimental study of manual peening 
showed that the benefits of the peening process is strongly dependent on control of peening 
conditions. This research evaluated the fatigue performance of manually peened aluminum 
under high cycle loading and it was found that intensity and coverage still needs of control in 
the manual shot peening process. It was also observed that high intensity and/or high 
coverage does not yield high fatigue life due to surface micro-crack formation and material 
folding. 

References 

[1] J. Champaigne, “Shot peening overview”, Electronics Inc. 2001 
[2] D. Kirk, “ Shot peening”, Aircraft Engineering and Aerospace Technology, Vol71, 

1999, pp.349-361 
[3] D. Clarke and S. S. Birley, “The Control Of Manual Shot Peening”, Quality 

Assurance Directorate(Ordnance) London UK,1981,pp.167-174 
[4] M. K. Tufft, “Development of a Fracture Mechanics/ Threshold Behavior Model to 

Assess the Effects of Competing Mechanisms Induced by Shot Peening on Cyclic 
Life of Nickel-base Super alloy, Rene 88DT”, Ph. D. dissertation, University of 
Dayton, 1997 

[5] A. Biggs, “Analysis of factors affecting Almen strip arc height after shot peening”, M. 
S. Thesis University of Washington, 1999 

[6] T. Dorr and L. Wagner, “Effect of shot peening on residual life of fatigue pre-
damaged 2024 Al”, Sixth Int’l. Conf. on Shot Peening, 1996 

[7] J. Champaigne and D. Kirk, “The Curve Solver Program”, The Shot Peener, Spring 
2007 

[8] L. Wagner, “Mechanical surface treatments on titanium, aluminum and magnesium 
alloy”, Material Science and Engineering, Vol. A263, 1999, pp. 210-216 

[9] T. Ludian and L. Wagner, “Coverage Effects in Shot Peening of 2024-T4, 
Proceedings of ICSP9, 2007, pp. 296-301. 

[10] H.Diep, H. Bae and M. Ramulu, “Characterization of Manual Shot Peening Process: 
Preliminary Results, ICSP10, 2008 

[11] H. Bae and M. Ramulu, “Effects of Manual Shot Peening Conditions on High Cycle 
Fatigue in Aerospace Material”, SEM Annual Conference & Exposition on 
Experimental and Applied Mechanics 2009, June 1-4, 2009, Albuquerque, New 
Mexico, USA 

[12] M.D. Abramoff, Magelhaes, P.J., Ram, S.J. "Image Processing with ImageJ". 
Biophotonics International, volume 11, issue 7, pp. 36-42, 2004 

 


	Shot peening has been developed to enhance the fatigue strength of metallic parts. However, improper shot peening can decrease the fatigue life due to induced high surface roughness and residual tensile stress. The effectiveness of the manual shot pee...
	Summary and Conclusions
	References



<<
  /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


