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change, the process must be adaptable and feasible across the industry for use with multiple media
types.

Project Background Results Discussion Size Parameter
Size Parameter Minimum  Feret  diameter
« Shot peening is co_mmonl_y used in the automotive Minimum Feret diameter (xFmin) is the sh_orte_st dis_tar)ce - provides reasonable correlation
and aerospace Industries, and uses small, !aetween two paral_le_l tangents of a 2D projection. Sieving to sieving. It is also well defined
spherical shot material bombarded at the surface of s compared to minimum Feret. Graphs below show the in current 1SO specifications
a metallic part to impart compressive surface image analysis data with sieve data overlain (red dots). and when compared to other
. . . 100 g wguge . . .
stresses to improve fatigue resistance, prevent " - possibilities, 1.e. max inscribed
stress corrosion cracking, and can improve the E o diameter (Dimax), it requires
e o 2 ph showing the less computational overhead
lifetime of the parts. g image analysis Image of particle taken using Video an; sis is  utilized t.
C e : - - - - - | s is utiliz 0
 Current standards for shot characterization involve £ data of xFmin with image analysis showing various Y
£ o ding inf _ 3@ sieve data (dots) measurement methods. compare various thresholds on
the USE OT SIeVes, only providing information on the 5 overlain for cast identical particles. The composite model predicts the xFmin
sample’s size distribution. 10 —ensizo  Shot (ASR 230). at various thresholds using a probit function, allowing for
* |mage analysis is a method that can be used to e linear regression. The equation for the model can be
characterize size and shape; using a camera and Size, Minor Axis, xFmin (um), 215 Threshold rearranged to solve for the threshold, thus allowing for the
thousands Of partlcle measurements The Iarge A COmpOSite mOdel was Created tO pl’ediCt the XFmin at “i-deal .threShOId” to be found for eaCh mat.eria.l type: 214 fOI’
sample size allows for development of meaningful various thresholds. Based on the graph below it is seen zirconia, 173 for steel. Based on this information a
statistics to describe full distributions that the model provides a good correlation. Using the reference threshold of 190 is suggested. This is due to 190
_ _ o ' being a good middle ground between the two without
del, the ideal threshold be found f h g
« To fully characterize media, minimum Feret mode’, e ldeal Thresnoid cah be - Tound for -eac - - - -
diameter is chosen to auantifv size whie a material type. Information from the sieve analysis and having to account for optical/material properties.
binati ¢ Ellintical qF yF ’ CEE = the image analysis are used to calculate the threshold.
com |r;at|on O ptical Form  Factor, = The threshold affects what is included as a part of the -
BITA/P<, and Aspect Ratio, AR = Xgpin/X( ¢ are particle during image analysis. o " il
chosen to quantify shape. ASRESO o 20 T -00@6 e
0 ASR330,7850 & l;; £ 150 OO o ©
1000 AS5R230 _\F& - gj Quantile IN(XFmin) = In(dy) + 6 -In(g,) + 0276 - T j:qj 100
700 i d : geometric mean probit, 8 = geometric scale B O ASR 5t |
I’-:..E EEE Z300 ‘?ASREBG E:Eag dg, @T, ’ \/i.erfb-l’(ng_l) stdev, g, threshcl)lging,A : ZirCDr“lieaE
o = ;zf; 4 {j ag Image analysis Reference size distribution w8 E= L e :
EXperlmental Procedure o 23 ngilﬂf%gﬂ.ﬂ s SN i ’ 0 500 1000 1500 2000
_ _ © 7150 z 20 Sieve size (um)
Canty SO'I(-TISIIZET _ I 0 1000 2 Graph depicting the ideal thresholds for shot and zirconia shot material. Note the 190 is
A Canty SolidSizer supplied by JM Predicted XFmin a reference threshold found in between the two.
Canty IS used for image analysis Graph showing the predicted xFmin versus the measured xFmin. Note the grouping along
characterization of cast, cut-wire, the 45-degree line indicates a good fit model. Shape Parameter
and ceramic shot media. A sample Sh Cut-Wire Shot
. . . ape Parameter o
size of 50 mL of shot is placed into P C‘;‘;‘i‘éﬁ”' As Cut = =
2 hopper a.bove the wbratgry feea Aspect Ratio (AR) and Elliptical Form Factor (EFF) are
tray. Vibrations cause media to fall .
. parameters that account for both the angularity and
over the edge in front of the elongation of a particle. For cut-wire shot it can be seen - - o o
particle sizing camera. The i+ tg d‘_’t, J both t EFF: 0.92 0.98 0.99
Canty SolidSizer, JM Canty, camera and software included with al as conditioning — Increases both  parameters _ Cast shot
Buffalo, NY. the SolidSizer calculate size and appro.acrl a vglue of 1. For cast shot, some particles C?;a';f;n' ASR
shape parameter values for each contain “satellites” or agglomerates attached to the ‘
particle imaged. particle due to the processing techniques. Plots show
the basic archetypal shapes, potential satellite size and AR: 0.68 0.79 0.97
. . EFF: 0.84 0.96 0.99
Sieving reSUItmg ratios. Images of various particles exemplifying values for the shape
. . . c ters.
Sieve analysis is performed 2w IR E S S pHEE
g using sieves ranging from 2.0 g ) .___.-’ ° Breakage
5 © e A X o
i mm at the top t0.63 um at the S os 5.4 | [ Hardened and regular steel shot had similar trends for
bottom.  Approximately 500 2 . . o
. O Zo7 B 4 size (xA) and shape (FF). The hardened media exhibits
grams of media is placed onto g = 322 ® breakd £ the | file tail th th
the top (coarsest) sieve and the 06 ¥ more brea owp of the low quantile talls seen wi | e
; stack is shaken for three 0 — ” spread of rgd C|rcle§ on both plots..The. as-cut .CUt wire
f minutes until all the media has o y shot experlenceq §|gn|f|9ant roundlng. in the. first 500
settled. The remaining mass of l o6 R Ho 06 R L0 cycles and had minimal size change during testing.
media on each sieve IS Increasing angularity 1000 10§ 2o = i. = S;mgngff g
measured. Graph depicting the AR and EFF for Graph depicting the AR and EFF " ;‘x : ff N + g iggg_m a2
Particle Technology Labs as cut cut-wire shot. Note that plot for cast shot. Note the tiny extra S X8R £13 & 5 T o | = awcesac [
Ervin Test Machine contours are for archetypal shapes. particles called “satellites”. < © J,f "' Multivariate plots
: : © c U290 | of XA and FF at
An In-use proxy test is a 5 " quantile, Q
. . o 500 ) >
performed using an Ervin Breakage v T oss normalized to
| . . 3 ha
‘Tester supplied by Ervin Hardened steel shot, regular steel shot and as cut cut- -3 eniical impac
_ Industries to characterize wire shot are tested in the Ervin Tester. The critical . | represent averages
breakdown of media during impact number, |*, for each sample was different. T s impacts / I for each sample.
a peening Cyde' _TO test, Hardened steel shot had the lowest I* value, indicating N
» 100g of fresh shot is added fast breakdown due to its hardened state. As-cut CW R dati
| to the test drum and the shot had the laraest I* value indicating slow breakdown ecommendations
Ervin Test Machine, Ervin Industries,  Tester is run for 500 cycles . g. . J Minimum Feret is the best size parameter for correlation with
Ann Arbor, MI. at 7100 RPM. After each and higher durability. sieving. Two factors are needed to adequately describe the
is si i i Table displaying the different shape of particles. A reference threshold of 190 |
round, the sample is sieved using a 40-mesh control sieve. Sample I* (50% replacement) critioal imoact mambers. 5. for P P - O O IS
The amount retained is weighed and fresh shot is added to ASH 230 1000 each Samplfe ested. The critical recommended for image analysis. It could be of interest to
maintain a mass of 100g. This procedure is followed until total ASR 230 2000 impact number represents the further investigate the breakage using shot from an actual
mass loss equals 50% of initial mass. Samples are AWCR28-AC 3000 number of impacts to replace peening operation as well as investigate the effectiveness of
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