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This cliscussion of sliol milst first be 
p r ~ : ~ i c c l  by a brioi discilssion ol the basics of 
~,l iot peening in ordoi to lay tlic cjroii~icIwo~-k 
lo i  shot selection 

THE BASICS OF SHOT PEENING 

111 shot PEENING, kinetic eliergy is 
imparted to a shot pai.ticle I J ~  a centi-ifitgal 
wheel or- compressecl air, Tlic kinetic energy of 
tlie flying particle itiip;lctirig against tlie part to 
I,(? sliot poenecl, causes elastic and plastic 
clefoi-matloti ol h e  pait surface. The 
mecovered compression of the part sirface 
resitlts in beneficial residual compressive 
sircsses I-emainitig in the topmost s~lrface 
Inyeis ot the part being peened and extending 
io some depth below 111e suitace Since all 
intigile la~lilres ale cai~secl by w i n c e  tensile 
%tresses, ~ ~ s i ~ a l l y  iesuliing 11-on1 tile application 
of a cyclic load, tliis sirrlace layer of residual 
conipiessive stresses clfectively rlelays the 
i m e t  of fatig~ie failure (if the parl. The 
iii;ignitittle of residual compressive stresses 
piocliiccd by sliot peening is the I-esitlt of many 
pwni i ig  a i n i e e i  s, ~ni i i~ct ing shol 
cliaiac;teristics, and is typically conti-oiled by 
thc i ~ s e  of Altner Test Strips 

BASICS OF SHOT FOR SHOT 
PEENING 

As can be seen from the above 
clcscriplion of sliot peeliincj, ilie ci~tality of !lie 
sliot i~secl is key io an efficient , etlective and 
economical opelation. Up to the point of impact 
with the pait silrface, all lypes and quality 
levels 01 shol, o i  the same sire, are iclentical. It 
is ;I( thc instant of impact on the part surface 
ilia( tlie qirality ;~nd makeup of ilie shot particle 
becomes ci-itical. The shot pal-tide lnust 
efficiently transmit tliis kinetic energy into the 
pati siriface to produce the l~eneficial residual 
co~ i ip r (~ss~ve stresses. 

How elliciently this enelcjy is i~sed to do 
i t ie f~ l l  work IS clcpenclent on the follow~ng shot 
clinimlcr-istics: 

I ,  Hardness 
2 Microstruct~~i-e 
3 Physical Defects (cracks, 
shi inkage, vo~cls) 

4 ,  Chemical Analysis 
5, Size 
6. Fatigue Life (durability) 
7 .  Transmitted energy 

Hardness 

The standard hardness range for cyst 
steel shot and grit is 90% minimum 40-50 RC 
which is designated S hardness for Amasteel 
Shot and Grit. There are several other 
different hardness ranges of shot specified to 
accomplish different peening requirements. 
Some of the standard hardnesses of Amasteel 
Shot are M, 50-55 RC, L, 55-60 RC, and H, 60 
minimum RC. Other ranges commonly 
specified are 45-55 RC and 65-65 RC. 

If the abrasive is too soft, a large portion 
of the available kinetic energy is absorbed by 
the abrasive particle as it flattens against the 
workpiece surface. This kinetic energy is lost 
and is not available for shot peening resultilig 
iii slower coverage and lower arc heights. The 
hardness of shot for shot peening rnust be 
approximately equal to the hardness of the 
work being peened. Shot that is too sofa will 
not produce the proper level or depth of 
residual compressive stresses, The effect of 
low hardness shot cannot be compensated for 
by increasing peening cycle times. 

Harder shot breaks down moi-e rap~dly 
and usage rates increase. Sometimes low 
peening results are caused dile to excessive 
fines resuliing from the rapid breakdown if 
broken shot removal is not closely controlled. 
Harder shot creates Inore extensive wear in 
the machine, increasing maintenance costs. 

Microstructure 

The microstructure of the shot must be 
s t~ch that the shot will resist deformation as it 
impacts against the surface of the workpiece, 
which minimizes the energy loss and gives 
maximum shot fatigue life. Tempered 
martensite is the most faligile resistant 
lnicrostructcire available in shot on the market 
toclay. In addition, the microstructure must be 
tree 

of brittle iron carbides which conlril~ute very 
sll-origly to premntirre shot f~;ictiii-c? anti liigli 
shot usage rates. 

Physical Defects (cracks, 
shrinkage, voids) 

The shot niust be as ircie a i  possiblc of 
physical defects that lnay cotili-ibule to tho 
fractitring of the shot and the ;~llendant high 
usage rates. All shot inan~~loc t~ l red totlay will 
have a certain number of these tlefects due to 
the methods of manufacture used Application 
of Statistical Process Control will ~iiinimize the 
number ot shot parades wilh these 
objectionable defects. 

Chemical Analysis 

Chemical Analysis 15 voi-y i i i ipo~i;~nl 111 

controlling niicrostr~ictiile l i i  ;itldii~on, high 
carbon content contribi~ies to early parlicle 
failure d i ~ e  to the iormatioti o i  weak, brittle, 
grain botindarj, iroii carbiclcs. ( h l ~ o i i  content 
that is too low to prodc~ces a shot ihat will 
defortn and absorb energy a<; cli:;ci.~ssed ~llidei- 
hadabove.  Sullul and phosplhorous conlent 
mirsi be kept as low :is possible sitice both 
contribute to early fatigtte tailui-e and is welt 
documented in metallurgic;il lcxts 

Size 

Sliot size is vciy critic:~il, shown in 
Fig~11.e 1. Every shot peening i i iacli i~ie propels 
a constant nittnber of boilncis of shot pel- IIOLII, 
whicli is dependent upon tlie Iiorsepower of 
the centrifuge! wheel or tlie volilme of air ~ ~ s e t l  
per hour in an air blast machine. 

The niltnber of II~I~~ICICIS in a j p o ~ ~ ~ i d  is 
therefore a fitnction of the pal-ticle iire. 

A pound of SGGO shot coninins 14,000 
particles. A pound of S330 (hall llie diameter 
of SGGO) contains 110.000 particles. 8 iirnes as 
many as S-GGO, Therelot-e, a wheel that throws 
one pound, would throw 14.000 impacts of 
SGGO or 110,000 iinpacts ol S-330. 
Convet-seiy. 1 panicle of 5660 woiiltl liave L 
times the impact energy ot 1 ~patt~:Ic of 



S-330, tliie to the kiiietic energy form~ila 
Howiivei-, a ilii;ilI shot paiticlc Iiiay not 

assess sufticienl onel-gy io peen effectively 
aiid pi-ocluce the compiessivc sit-esses to tlie 
(IeptIi iecl~~irecl. 

It is iliiport;ilii io selccl the smallest size 
ol sliot that will piodirce tlie plopcr Aimen 
inlensity sitice small sliol will satillate tlie 
siiilnco Imoic I-;ipidly, i l i e  pi~rposc~ o l  tliis size 
( l l s~~ iss io l l  IS to 1301111 OLl i  tllc! t i ~ l l l e l l c l o~~s  
II~CI-eases in s lmcls  possible by using tlie 
sniallest s i ie 01 al~rasive h a t  ~procluces 
:iilcc[~mte clealiiiig or sliot poeliilig. 
Pioccssiiig time is money and last coveiaqe 
will iet l~ ice cosl. 

F;itigiie Life (d~ i i  ability) 

Fatigue life or d~lliibility IS lhc? ability of lie 
shot lo iesist fiiil~li(l or Ibrc!akdown d ~ l e  to .lie 
impact of tlie shot on llie workpiece. The sliot 
will1 1/11! gl-eatest tliilability iniill be tlie most 
ciconoiiiiciil ;~bs;isiv~! to irso il il has tlie ahlity 
to transmit adeqiiate energy to clean 01 shoe 
peen 

Transmitted Energy 

The itleal abriisive m s t  be iible to traps: m 
h e  iiiaximirm a~iiount of kinetic oncrgy lo the 
sill-lace of the wol-kpiece to Ibe shot peened. 
Shot that clelorms and absorbs olicrcjy at 
impnct silcli as the example of low Iiarriiiess 
above, will take longei lo 111eeti clue o the 
i imn~ t~ i t  of c!norgy Insl thioiigh shot 
irefoiiiiatioii Tlierdore, the liiost ecoiiomical 
$1101 !OI ~ l10t  ~ O ( ! I ~ I I ~ C J  will t i i i i i~ l i i i t  the 1110~1 

k i i i~ t ic  (-!net-gy to tho woikyece s~iriace, as 
~iieas~lrced by Almen at-c lieiglit pl-ocluced order 
itlentical conditions oi exposure. The Ervin 
Test Machine and sta~irlartl test procedilie are 
available to a test sliot durability and 
Liansiniitetl energy on small scale, Iahoratoiy 
Ibasis. 

Summary 

The shot chat it-;rnsniits the greatest 
amount of energy to the woi-kpiece with tlie 
greatesl Iatiguc life will prod~lce the lnost 
oco~iomical anti coiisistent sliot pc?enilig 
o/)eiatic)~i 

Sliot with proper hardness, microstritct~ire, 
chemical analysis, size, and a tnitiimi~ln of 
physical defects will contribute to greater 
transmitted energy and fatigue life. 

Sliot shoitld be purchased to conform 
with standard industry specifications. SAE 
J827 and J444 are adequate specifications to 
be clsed for lnost production sliot peening 
applications, for shot with a hardness range of 
40-50 RC. Shot can be ordered lo these SAE 

specifications but with special liardriesses ire 
any range with a spread of aboiit 6 RC lor 90% 
of the shot particles, i.e., 45-51 Rc Foi inore 
precision sliot peening applicatiolis, sliot shoiild 
be p~ircliasecl to confol-m to MIL 131658. The 
hardness for sliot purch;isinq MIL-S-I31658 is 
42-52 RC per MIL-S-8576 itiilei~s otlierwise 
specified. Again, special liartliic~,s shot can be 
ordet-ed as cliscussed al~ove. 

DEPARTMENT OF STATE REGISTRATION REQUIREMENTS 
F~ederai law (22iis(: 2778) and leg~llations (22 CFR Parts 120-130) required any person who engages in the business in the United States ot c-iitliel 

Manufaciiliing or cxportincj detense m i d e s  or furnishing defense services to register with tlie Office of Munitions Control (OMC). U.S. Dc-!pattnient of 
State, iiianutacluters of defense articles tii~tst register even it they do not export Defense articles inclilde components, pains, accessoiies, 
attnclimr?nts, l i r~nwa~-e, soltwaie, and systems, as well as forgings, castings, and machined bodies fol- defense articles. Defense se~vicces iiici~ide ihc 
firrnisliing of tc!r:litiical data or tcclinical assistance related to defense articles. 

I f  yo~ii- company is engaged in ilie business activities described above, and is not registered with OMC, please contact thal oliicc lor mot-e 
iiilormation a registi ation ieq~rireme~iis, Q~lcstions and requests for registration material should be addressed to Brenda Eakei-, Oflicc ol Munitiolis 
Conti-ol (PMIMC) 800 SA-6, 1I.S. Depa~tme~it  of State, Washington. D.C. 20520. telephone 703-875-6636. It is recluestet1 that you i ~ i f o ~ n i  yoill- 
sid)co~it iacto~s ;inti venrlois of GMC's I-ecjistratior requit-ernents. There is strong Administration interest in thc diective enforcement ol tliir l(-!g:il 
I (-X1LlIl c!l?lenl, 


