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SHOT PEENING
By]. O. Almen

&'1600
The purpose of shot peening is to permit more efficient use of structural metals. JUI>\

as eurlier generations of designers were enabled to reduce the weight and cost of thee
st ruct ures by the substitution of steel for wrought iron, by the introduction of heat treat­
munt , and by the development of modern alloy steels, so prestreseing by several proc~
including shot peening, increases tho not work that may be obtained pel' unit weight c:i
machine parts.

10. APPLICATION OF SHOT PEENING

Shot peening is coming into extensive use as the most versatile of the several prestreesinr
processes for strengt.hening metal machine parts against cohesive failure, Cohesiv
failures that are charucterised by brittle fracture are caused only by tensile stresses hO!

result from (J) impuct loads on brit tIe metals in which the tensile stress acting at ll.t

surface is greatly magnified by various forms of stress raiser's, (2) stress corrosion in whid.
cracks (usuullv int.erorvstulline) propagate through metal that ia stressed in tension, and
(:{) fatigue failures in which, because of the magnification of surface tensile stresses, frllJ­
t ures occur from repeuted lauds that stress the metals less than their nominal yield 8lr~

Shot peening is effective against these forms of cohesive Iuilure because it induoe
residual compressive stress in tho surfuce of the metal being peened. The surface ten"j;/
st.resses from externally applied lauds will be reduced by the amount of the residual ron"
pressive atress. The quality of the peening is determined by (1) the magnitude of the ill'
duced residual stress, which is a funetion of the yield stress of the peened metal and tb'
st.ate of st.rain in the metal at the time of peening, (2) the depth of the induced rasidus'
tit !,('tIS, which is a function of the hardness and ductility of the peened metal, the HI/llt

of st ruin in the mot.ul 1Lt. the time of peening, and the ohaructoristlca of the shot and tl.,
shot tit reum, and (:1) the degree of coverage, by which is mount the number of shot iltlpacH
per unit (){ urea.

PROCESS. In the proeesa of shot peening, relatively hard purticlce-e-ueually spheritJJ
chilled east iron or steel shot-e-are projected against the metal being peened with 8utficit'I.:
velocity to indent the surface. Tho indentut ions at each point of impact result from It)('~
plust ie yil,ldilll/: of the peened metal. The deformed arena tend to expand elueticellv. b',,1
t.hey 1\1'0 rest rnined by adjacent, deeper metul t.hat was not plnstlcnlly deformed by tid
shot impuot .: Siuce the plnst.icnlly deformed surfucc layer Books to occupy more space, 11

is ('()ltlprl'~Hi\'t\I~' Htrllilll'd; t.hnt is, it. ill residuully strussed in compression. .
STllESS-CORUOSION CRACKING. Since st.rcse-corroalon cracking occurs only It

nu-t.ul t!tut ill HtwHsnd in tension, it i8 necossury to protect tho surface by only a thin l:iy('~
IIf I·Oltl)lI't'HSi\'lrI.\' HtfoHHOd llwt ul to proveut eurroalvo nt tuok, even thoul.(11 tho ulldcrl~Jl.~
IIWlt'rIlI1 iii HI ill highly HtroHHI\d in t unaiun , TIIIIH woldod or onkl-Iormod vPH:-wIH t hnt 11.'(

rl'liidulllly 8trt'I:lHt'd in t.cnslon Irom t.lw forming opornt iou, or from tho locnlised ht'1I1 ((
welding, and/or from tho working luuds. may bo prot eot.ed nll:lLillllt at.ress ourro::lioll It'

1it\lIHOI\ ('rnddnj.{ by tho cOl'ro:-lioll-illlpNViOlJtI lnyol' pl'oduct,d by tlhot pnt'ninj.{, SurflV'f
('orl'()"ioll will Hl ill OCI'llI', ILlld 1II11,\' 11I'luu!l,\' bo illC'f('IH:ll'd by t!1(! inpreaHlId roughuess. bu:
till' iltl"rt'r~'Hlltllillo COI't'OHioll dUlI'untl'I'illlie of l:ltroli,H'orroHion crul'kinl( will bo tltOPI.'l"­
till J"lltl 11'" tlw Huduell MtJ't':i1l r ... l\uinli ('UlllprI'HHivll, Shot 1)('lIlling will !>1'COlllO inetTt't'IJW
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I\gainst st reas-corrosion cracking if the residual compressive st ress is 10Bt, as, for example,
~I' applying external tcneile 10lH1s that exceed th« vivld st rl'ngt h of the mutoriul. \Vhon
t;usile plustic ext.enslon hus occurred throughout tho Bedioll, the residual !It.n·I>B induced
by peening will have boon largely dissipntod. Some rnntoriuls mny loso much of the residual
~reHS by Blow plastic yielding, usually known as "creep," without tho aid of oxt.or nnl
loads. In such matcrluls, the protection afforded by shot peening will become lese effective
llith time.

IMPACT STRENGTH. The resistance to impact fract ure of many brittle materials,
fuch as hard steel, may be increased by shot peening to produce reslduul compresaiva
fUess in a rolat ively thin surface layer. The hnrdest steel Is st ill sufliclunt.ly plnst.io to
del'elop reaidual stress, although the indentations from shot impact may be too shnllow
10 be detected without sensitive instrumentation.

The susceptibility to impact fracture is increased by surface imperfections and dill­
tOntinuities (often submicroscopic). such as micro-stresses, scrutches, minute notches,
rorroded areas, and similar stress raisers. These stress raiaers cannot be eliminated by
polishing, but they are rendered ineffective when the surface metal is compressively
f:rcssed to a depth equal to the depth of the discont inuit.ies.

The impact strength is increased by an amount somewhat less than the residual com­
f.ressive st.ress act.ing on the "notched" areas. If the effective depth of the notches is
~e!lter than the depth of the induced stress, the peening operation will be ineffective. Shot
[«.ning will also be ineffective for increasing the resistance to impact fuilure in metuls
I',at are sufficiently plustic to yield under the applied loads, When uppreciuble plastic
)wlding occurs, the reeldual st.resa induced b:\' the peening opemtion will be dissiputed,

FATIGUE STRENGTH. Fatigue fuilures, like impact fuilures, result from tensile
l:re~ only. Under conditions of repeated load applications, cohesive Iuiluro« will occur
;roll1 stresses considerably less than the nominal yield strength of the runteriul, Since
CH'rc is no apparent yielding, the Iract.ure will be brittle in character, even though the
::.lllerial is quito ductile as measured by the conventional stnt.io tensile and bending test.s,

L'nder ordinary conditions of specimen preparation, fatigue Irueturos will originut.e
very near the surface, because the surface tensile stress [s always augmented by micro­
ltreSlles and various kinds of stress raisers, 0" perhaps because a surface is, itself', a dis­
PJlIlinuity. The stress increment that is added by surface stress raisera increases us the
cuctility of the material decreuses until, in hard steel, the effective tensile stress may be
..-veral times as great as the nominal stress. As the hardness of steel increases, the effective
notch" stress increases at a greater rate than the potential strength of the steel, and

u.ere is, therefore, a well-recognized limit of hardness for best Iut.igue durability. Thus
1:.(' upper limit of. hardness of ordinary springs lies in the range of Rockwell C 40-45
(,-('ause of surface vulnerubility,

However, this hardness limitation does not apply when the hardness is obtained by
(uburizing or by nitriding, as, for example, in carburized gear teeth, carburised wrist
; .ns, and nitrided crunkahatts. The fatigue strength of machine parts that arc surface
'Mdenod by these processes generally increases as the hardnesa increuses. This deviution
:uJII the rule of brittleness is duo to the residual oompreasive stress that is developed in
~.l· surface by the volume increase that occurs in the hardened cnse. It f'ollows thllt the
';rlllce vulnerability (notch sensitivity) of the hardened surface of the stool oaunot assert,

,,·If until tho initial compruasive strcus ia overcome by tensile st.resses from extornnl louda.
.'!lee, in most nitrided specimens and in rnuny ourhurised specimons. tho maguit.ude of
:.1: residual compreaai ve stress is of the order of 100,000 to 150,000 pai, tho tensile utresaea
.~JlI1 externally applied louds are often not auffioient to overcome the residuul compressive
1'~l','l:ieS in the hardened case. The aurfuces nrc, therefore, never stressed ill tension, and
:.1' Iutiguo Inilures will originate in tho core.

SHOT-PEENING S-rUESS; The vulnerability to fatigue failure of machine pnrta
l:.d of luborutory specimens is reduced by shot peening because of the layer of uniform
"~iduill cornpresaive et.ress that it; induced when the peening process i!l propoi ly porforruod•
.: 1l111st be rceoguiaed, however, thut thoro ure import.uut differencea betwcll'l tho protoe-

'ft ugllilltlt Iut igue Iuilure t.hut mny be gllinod oy tlio l:lul'fllcc-hlll'denin~ prOeOHtlel:l pro­
'. uu"ly dlltlcribed Ilud oy Hhot peDning. Prm,t 1'l1I:iHillg by BllOt puening Illonll iii not !lO dTeo-

"l' 1!1l IHOl:lt.rOHHillg by HeVel'/d otlwl' )lJ'()('PMHPIJ, hilt it iH t.ho IIlO/:lt. venUlI.ilo, hl'(~IIIIHO it ltIuy
.~. uIJplit·d at rollltivl.J.y low COlit t.o IIllwhillU pllrtl:l of ull HhupeH und to lI111tulH of Illl.ldllds.
··,e 11IIlgllitlldo of tho reHiduul cOlllpro/:lHivo /:ltre:;:; obtui/lldJlu by sliot. ppcning iH oqllld to
l~;Jr(jximnt(lly ono hulf tlte nominul yield /:l1J'{!bl:j of tlie IIll'lul WllOll tlio IHll!JIing ()()VNlIgO
.• b.dequllto aud wlwlI the peolling i:; p('rfornlpd on the HrwcillH'n whilo in un ullHtl'llinot!
t:'!e, Tllill eOlllpreHHivo HtrO/:l/:l of 50'/;' yield l:ltn'ngth hi 1H'll.lIlive to tho dung/'rmlil tl'lIHile
,..:~~. It ill Ilvuilul>JIl to offHl·t lludlllJD fuliglw \'Ulll('l'ubility \\'ll('n, for ('Xlllllp}C', tli(' rH'('lIiIlK
,. AJ.;rJlied to tho ttllll:lion-l:ltruHl:lcd !:lidoof Il OO/UII thllt iH/:lubjcclod to repeuted 1Jl'lldinK IUlldll
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ill Olle lill'PI'lion. However, much or nil of the protective reaiduul surface HtreHs mil' L.­
10,,( frolll u Hh()t~peenp(l beam thaI is HlIbjeeltHl to repeated reverued-bending lauds. )

REVERSED-BENDING LOADS. In reversed loading, one Hide of the beam will ~

('Olllpn'H~iv(')~' Htret>I,mtl at each load upplicution. The comprossive Htr(Jl;1i on that Bide 11't
dWII. h.. till' rvsidual IitHJHH t.hut WIlH induced by shot peening, plus the compreHMive bt~
Iruru tht' ext er nnl bending loud, If thiH total exceeds the compresaive yield titrength <I.

I ILl' uuu eriul. the residuul compressive litrcHli will be reduced, und U cOl'l'ellponding p~
til I hi' PI"O\('('I ion IIp;llinHt surface vulueruhilitv will be 101it, The actual yield lit-ress untit~
1I',,'·IIlI·d louding iH cousiderublv less t.hun the nominal yield titrcliH 11H measured by stal::
Illadlll~. and it iH therefore poseihle to 10He all the residual at.ress induced by shot pl>eJ:iU'l:
If 1111 or most of the residual compressive streaa is 10Ht, the fut.igue st.rongth of the PllJ~

IIltl.\' nr-tuallv be less than before peening, because of the inereuscd notch effects in Ii"
rllllght'lll'd surface. l-'llch 10Hs of residual compressive stress under repeated re\'er\Jt<',
lk'lllling 10l1d8 does not readily OCCl1l' in curburised and in nitridcd parts beeuuse of ti..
g1'1'1l11~' increased vield strength of the hardened surfuces.

ONE-WAY BENDING LOADS. The residual compreasive stress from shot pl>elUl-4
it! 1101 lost from the tension side of parts subjected to bending 10ad8 that act in one dirt'<:'t!ol
ouly. III such parts, the peening need be applied only to the tension-streasod side, il,:
Hilll'C t his side is not corupressively stressed by external loads, the total compressive btli'...

reruuius that which is induced by peening.
.\ny plastic yielding that may occur on the tension side will increase the residual con.

prossive stresa and will therefore tend to increase the fatigue strength of the part. ! I

Iuot , such yielding actually does occur in nonpeened, as well 8.S in peened specimens, "Iun
is one rcnson-s-perhups the principal reuson-e-for the greater fatigue strength of specin ....:,.
subjected to one-direction loading. The effect usually referred to as "understressing' ,.
abo explained by such yielding.

Plastic yielding also occurs on the side of fatigue specimens that are loaded in t'l>ll,

pression. Such compressive yielding results in residual tensile stresaes, which cccasional
become great enough to cause Iut igue failures to originate on the aide nominally 8tH·I ....'

ill compression. The maximum tensile strese occurs, of course, when the external losd '"
removed, From Buell occurrences arises the erroneous belief that fatigue Iailurea can 1_
cuused by comproasivo stress,

Bccuuse of the greater prolection aga.inat surfuce vulnerability thut is given to falLTUI

specimeus subjected to one-way bending loads, it is often desirable to increase the t'l~I.

pressive st.ress induced by shot peening. This may be accomplished by performing l:~

peening on the tension Hide while the part is stat.icallv loaded, in the direction of the nom ...
ser vice load, to approximately one-half the yield etress of the material. The peening 1&.:
then auperirupose UpOII the stat.io tensile Htre88, oompresaive stress equal to about fl·
,"Il'ld st rces, which will be inereased to approximately 100% yield stress when the 11-'''':'
load is removed, The stut.io load to be applied during peening should not exceed bI.'
yield stress because, upon relaxing the external load, the compressive stress will elpc""
tho yield st rcngt h, and plastic deformation will occur. This plastic deformation ",iU l_

in the opposit.e uense to the plastic deformation that occurred during shot peening, "'11·
t he surfuee layer mip;ht be dumuged by being excessively cold worked.

FATIGUE TESTS MAY DE MISLEADING. From the foregoing, it will be 600D d...,
it ill not possiblo t.o evaluute the effect of shot peening 01' to meusure tho fatigue Iltn'flr \

of purt.s thut, in nOl'lI1111 UHI1, ure to be loaded in one-direct.ion bending, by subjecting tl,..l,
to reversed-bending fut igue t.est.s. 'I'his ild also true of specimona in which favorable rCllldulo
ut.resscs have been developed by understressing and by Idueh procel::ises as llurfllC6 rol.b...
OVl'r1olldinll to t~IIUtie yil'ldillg, and qUtHlChing from tempering temperature.

MEMBERS LOADED IN TORSION. It is U/:l\lullv convenient to conHider meml ..",
thllt Me 10llded in tortiiun to be I:ltresscd in Idheal'. Ho~evel" to underHtand the eifl-elk ,I
prlJl:lI re8sing, it is ueceti::mry to apply a HtrOti!:l pattern thut way be expressed in v'n~1'

hl\\'inK pO::litive IUld Ill'glltivo valuoti. Thorefore, intltend of Hlwal', the tensile and ('ollll':'­
!:live Illl't'l:l::l cOlllponcntli of the t:lhCIII' st.n.'t:ll:l ure lIl:lod, Thetie t:llrCHHOl:l net nt angles Io! 4·

dl'Kn·t~:l to th'o l:lhear plullo alld lit right IIngle8 to olle another; that is, when the ~ ..:;....,
l:11n'MI 1\l~tH ill the dil'l'etion of a right-hand helix, tho cOlllpreHsivo Htl'el3H will act ID ,II'
din'I'1 ion of u Idt-hund hl.'lix,

In n'lwllIl'd reverMotl-torHiollulloading, tho tenl:lile and compreHHive stl'essel:l Ilrc rew·r....
11\ "III'h Illud Ilpplimltion, I\nd therefore tho reHiduld cOIllJlI'eHl:livo strelll:l induced by ~"
111'1'111111( InllY be 10llt, wholly 01' in PIU't. in the l:lllllle lIIallnor as in spocimcnl:l Hubj~'C\l"': t,

1,'\'('1 :'lI'd·hl'lllling loudl!,
I'll IllI'1'liollllllOllllti tlmt ul'o appliod ill ono ltil'l'l~tioll onl~', tho 1'l'Hiduul cOlllprCB:lh'c~1!.""

tl\'\ 11Ill, in Ihl·dlll,,·lloll of till' \.tIlIHilo HlI'l~bH eOlllpOllt'lI1 l'I'lIlldllt! fully offcelivo. ~IU(l .1

nil lit I llll l"':liduld CUIlI(lI'tll:lliivo tltl',JUtl lIctillg ill tho dtl'uctiull of tho cOIll(Jrc~h'l) tol"'"
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('()U1ponent may be lost by plust io yielding. but, thill loss does no hnrrn unlesa the yielding
l~ so extenllive all to induce dangerous residual tensile litrelitl when the external load ie at
its minimum.

For greater protection against fatigue in one-way torsional loading, tho magnitude of
the residual compressive tltrClitl induced by ahot peening ruuy he incroused by porforming
the peening whilo tho spooimen is stuticnlly loudod, in tho norrnul direet ion of twist, to
APproximatoly half the yield tltl'O:-J1:l of tho material. Tho surfuco streas prior to poening
,,-ill then be one-half the tension yield stress in the direct.ion of tho tensile st rusa component
&-od one-half tho compressi V(1 yield strcea ill the diroction of the compreasive IitrnHIi com­
ponent. Af'tor peening, while still stut.icallv loaded, tho surfuoe lltl'emJ in both dircotiona
"ill be compressive and equal to one-half tho yield lltrC:i1:l of tho metal. The peening will
[jot have altered the surfuoo st.ress in the direction of the compregsivu component, but in
the direction of tho tension component the surfnoe stress will have been changed from
one-half the yield stress in tension to one-half the yield stresa in compression, a. plnatio
dow repreaent.irrg 100% of the yield stress of the metal.

Upon release of the external 101Hl, the bill' will untwist to nearly its original angle of
krO stress, In 80 doing, however, tho strain in the direction of tho tensile component will
Jnerea8e the compressive atress and the strain in tho direction of the comprossive component
11'111 reduce the eornpresslve stres», Tho residuul compressive stress will then be, roughly,
100% of the compressive yield stress in the direction of the tensile component and zero
~treSS in the direction of the compressive component. Since, under ordinary tOl:lt load
range from zero to maximum, slow yielding will occur under repeated loading, the residual
compressive stress in the direction of the tensile component may decrease slightly to equal
tile dynamic eompressive yield stress. In the direction of the compressive component,
u-nsile residuul atress will be induced by slow yielding. Extensive plastic yielding by creep,
"dcJed to the plastic deformation that occurred during peening, may damage the material
rutficiently to cause fatigue failure from the induced tensile residual stress, which nets
in the dir ection of the nominal compressive stress, Being residual, the maximum tensile
Me:;:;, which may cause fatigue fracture, occurs when the external load is removed. Since
tile fatigue fracture will originate on a line at right angles to the teuaile st.ress causing the
:silure, it is possible, by observing the directiou of the initial Jracture, to determine whether
tile failure was cnused by tho tensile component of the ext.ernul Ioud or by induoud residual
tensile stress acting in the direction of the compressive st.rosa component. Fructure from
.nduced tensile etress cannot occur from a test in which the load is varied from the same
ruuximurn, but to a lesser minimum; for example, in a test in which the load range is plus
.:.)(;~ to plus 100%. This again demonstrates that the effect of shot peening cannot be
evaluated by an arbitrary test procedure based on nominal stress or nominal stress range.

AXIAL-LOADED SPECIMENS. A few machine purt.s, and occasionul fatigue speci­
:1'l'U:;, are loaded in tension or in combinutions of tension and compression. Shot peening
.111 increuse the fatigue strength of specimens repeatedly loaded in tension by reducing
::,e subsequent tensile stress in the vulnerable surface layer. However, since the residual
~'JlIIIH'e8:;ive stress in the surfuoe layer must be buluneed by tensile stress in the core to
::,ailltuin force equilibrium, the total tensile strees in the core will be the tensile stresa from
::,e exter-nal load, plus the residual tensile st.rees. If the areu of the spcci men iii small in
relation to the depth of the peened layer, the residual tensile stress may become 80 great
l..- to require only a small ext.ernul tensile load to cuuse subsurfuco fatigue failure. Slight
;'<,,"ing rnay be very beneficiul from the standpoint of fatigue, and heavy peening muy be
\ try harmful.

t:/ld~r push-pull fatigue loading, the residual compressive etrese from shot peening may
:".: lost, in whole or in part, depending on the magnitude of the external compressive load.
lr)jOU the residual compreasive atreus ill lost, the speoimon will have been durnugod by shot
;'l..,ulug because of tho increused atress ruisers created by the peening.

CARBURIZED AND SHOT-PEENED METALS. The rosiduul strosa thut result.s from
':4rburizing can be made much more effective by shot peening ns 11 final opornt.ion. Tho
~~ldu111 stress from cnrbur-iaing extends to the depth of the hardened cuse, alld the com·
;,~t;iSive 8t1'Cf:J1:l is of the order of I OU,OUO P:ii. However, tlte mn,xilllurn 8trOl:ll:l oneUl'S at Homo
:riJth, with cO/ll:lideruble 10l:lH of HtrOl:ll:l Iloal' the IillrflLee. /::ihat peelling effeetively incr'enHo8
,.': JnlLxilnUlll cOlJ1prcl:Il:live utrel:ll:l, ILlld, t>inco the cOlllprol:lHive yield t>trllliH in the hlLrdelloJ
.....~ iii great, there will bo littlo IOl:ll:l of I'cliidllal COIllIJl'cI:lHive Iitl'Ol:ll:l durillg falil{ue tOHling
~ III /lormal service. Tho flLtigue frlLoture will ofteu origillate iu tho COl'O in cnrburiwd
L:.,J tlhot-pecned Ilpeeimenl:l, for tho 1'0aliOll that tlto liudlll'C HtreHI:! doel:l not bOl'<Jmo tenllilo.
! ,r n giVlHl IiIWci/llell, 1\ deme ILpproach to tho IW:oit JlOtlHihlo tl'I'1111111'Ut will 11IL\'0 boon
l":;u/led when faligue frlLctunll:l in I:HWet1lJ,'iive HlwcillWll:i ol'igilllLt(\ wilh oqul1l fl'llqU(lUCY
(', tlw tludae'e and iu tho core. Thb mllHt rIOt 11O tlllwu ali "h('",I," llOwo\,('I', bl'('aIIHO tho
··,ative IV'('lIli of COl'O /Lnd ClLl:Ie may be Iluch lIli to Iilrel:ll:l the 001'0 ill tuuHioll unduly.

. .
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\ II ..fl.', I uim llur to ellrburil.ing muy bll obtuinerl by other ouse-hardenlng IlrOCUHIIO~,

I" ,,(, .. 1 H,\\~I iUlll1 of lldll<l\lIlto diumutur , luw-hurdcnubillt.y stool, suoh liB sevoroly qUOIlUlH,.1
~) \ L III lO,I050, will lmrrlou o nly ill l\ rulut.lv ely thin case. 'I'h is hurdonod euae will IXI
I "'dllllnily tJtl'etltllld in oom pr eaaiou lioouuao D[ the volume iucreuee upon Illll'dolling, j\1b~

I\lj '''1'111 tl in II Clll'\)lIrl",ud ouse. The Iat.igue st.rungt.h of such speoimena in bonding and 111
t,,,~j\''il 1IIIIy 11\1 Iurt.hor iucroused by Ilhnt peening.

'1 HI1ATMENT FOR BEST FATIGUE STRENGTH. 11'01' repeated reversed londlnK
ill IWl\dillg uud in t.oruiou, tho beet fal.igue st.reugt.h from preatreeslng of steel is obtnined
I,y ('.Il/\I\ hardmlilll!: Iollowod by shot, peening. The deep, and relatively gren t, resldual
('olll\illml1lVolllrtlllM reduces the tonslle atreS:3 from externul loudu, and the high yield atren"lh
ul lho ('11110 prevunl.e eorioue 10813 of the protective atress. Shot peening is not required (Of ,.'.:'
nit ri\!lHl Pl\l'lfl, UOIJl\\lflO the rosiduul Iltl'OS8 is suffioieubly great I\B heat treated. .",

For one-way bonding or one-way torsion, the best fatigue strength may be obtained
{rOill !llll'l.ti Ihut nro deop hardened. Tho rn at.erinl may be in the hnrdness range RookwlllI
C oO-b6j iL ehould be overloaded to produce plnatio yielding in tho same direction IU~ tho
nurmn] 101HI; and, tinnily, it ahould he 'shot peened while atut.ioully loaded to l~ppro)(imnt'lJlv

hillf the ylold atrain.
11\\(\111180 of tho auggcat.ed hnrdness of the speclmen, the operation of prestressing

II vllrlllilding ill hasurdous, particularly since the plastic delorrnution should be I

OllOIlUh to extend to npproxlmat.ely 15 to 20% of the specimen bhickness. Unleaa
I'I uuu n l iuns 1\\"0 observed, this' sxtenelve cold setting may damage the material and HillY

11\'1111 (11\\1110 immediate Irnct.ure. Tho overloading should therefore be applied at Ill'

1I1t1Vlllt\d t.umperature to reduce the yield atress temporarily and to increase the dl\clllity r
of Lilli etuel. Shot peening at ana-half yield sbrain prior to presetting will also aid In pre­
veu tln g Iruoture 01' other damage during the presetting opern tlon, Finully, tho tlhot..

peening operation should be applied while tho purt I_

I
. . 17.; statically loaded in the direction of the normal load to

:760 approxlmut.ely half. the yield strain..
._-;;-- -L. .

<I----S't±.OI6----+ '
C=============J=:l. 11. SHOT-PEENING INSTRUMENTATION
(riO, 1. Almlln ahot-peenlng l.eJlt " . " .
• trlp. Hpeoillll/llioll6 nre t IlIHd- , 'I'D specify that a machine part is to be shot peoll",1
lIl1<1ll, lt ook woll C ',H-M)j .flII til etl,ll, without st.at.lng how much, in measurable qUllntiliOll I.
+O,()()16 In, on Almcn 1.('\I{Il, A atrin .'. I ifvi "I I It' 'I' ' lJI
t1doknllnll, O,OIi I ;.l: O,OOl in. i C ntrip equrvn ent to speer ymg lel1~ trout WI!; iout IllolltiOIl. I.

LIdlllllletI8. D.CKI4 ;.1:;, D,Om in. glldll ing temperature or time. To meet this need, illSlrullloll~

only muy be uheur Iinlsh, burn rnuat tation is available that is eufllcient for tho IHlI'IO I
be removod And ourueru broken, I d si Ii 't ) lie I), acouruoy, 001l~, an sunp 101 y.

The principal instrument that ill used for measuring, and thereby controlling, /lhot
l'I\lllIing coneists of a stundurd steel strip ·(Fig. 1) that ie shot peened on one Bide whll"
n t.t.nuhed by BOrtlWB to 1\ heavy hardened steel base (Fig. 2). Whenlthe test strip is l'OlllOVt'tJ '

(IUII\ l.he henvy buae nIter peen-
ing, 1.11(\ l'{'lIhlllHI oourpreaalve -1­
tltf(~UH thllt W1Hl induced cnusea r.y~~~tjy53('~:R"<~5:X~[~;(x;I<,X;;Q<·-,-r '
oouvo r ourvuture of t.he strip 1< I
on tho poencd Bide. The our- .940
vutur e i/;l IHel\IlllfOd on tho un~ , 946 1 IS

"""".d .1,1. i". t",m. of "'0 "1 L '. '.
hoi\(bt OVt)l' 1\ !Itnndl\rd' chord VIa,'
by 1\ Ilponial illllhmtor (Fig. 3).

Tho 1\IlIOlll\t of OUrVl\l.lIro, y Four ~;;round b*-..j
ecrewo wIth hell nUL.

t.hllL 16, tho 11\01\B\II'O<l 1\1'0 hei\(ht Teot otl'lpcyunl<le (.OW ell"')

of Lllo Ilt.l'ip, is cnllnd peenillK (OhtlaC<H)I
\lIldIl811V. 'rho punning inlell M -r ..
tllt,Y ill tho ovol'lll1 efloat of I
tho IlIllgnltlldo of tho induoed '15 I I
lit \'II II Ii , lhll dopth of tho aLrostlod --±-
IllYllr, I\ntl t.ho unlformiLy of
tho 1l11'll'/j!l, In l\ll\gnitut!e and \
In <llIllth. over t.he Budl\ce of Holding fixture for ohot-peenlng teat IItrlp.
1110 IIIrip-hol'OIlflol' cullod lho
fOl1cmge, Bineo lhe peening intensity mel\l~urement is made 011 a Bteol strip of Btundllftt
dlllllllu,iona 11lHl Iltnndl\rd phyaicnl propertioB, the magnitude and dopth of the induo<:d ; ,;1
lillPl'll 1110 IhOl:lo of the tost strip and not of tho metul being peenod.

Two Ihirkllflflsc6 of toat striP!I hnvo beon tltlllldllrdizlId to meet the noeda of sonllitl\'lt).
'll' Ilgllt Ilnt! for 6Ovcro peening. Tho dillllllll:liontl of tho two atrips, deaignutod IUl A btdl'.



: of tho furnace in the vicinity of the 'Work and exposing the work to that temporuture for a
lluniciont time to snturuto the matul. Unleas both temperuture and time ure cor rucl.ly
llpocifiod, and unless the specifications are followed, the heut-Lreut.ing operation ounnot ho
/lucccBllful.

I
·i

0./1 '
i ' \

,I

I ~

.oaa

,025

,008

12. PEENING SPECIFICATIONS

Fl(],4.

.DOB

EE
I

i .O~ ---j----+-:a-O'::~:__I ---~--
~

...8l-'-o Limit of A Bll'1J.l __ ~

_- ..... - l'rablllty L___ I
0.004 .012 .010 .0'20 ,O"..A

Intensity, .A

Correlntion of gage readings for Ahnen A and C atrlp9,

and C aLripa, are given in Ti'ig. 1. A ohnrt correlut.ing pounlug intonslty roucliuga Irum A
.lripll uud C stripe is shown in Fig. 4.

III production lIHO, Lho hnrrlouod holding fixture (Fig. 2), with at.tuohod LOHL atrip, ill
(JlIIIIIOd through Lho peouf ng 1111\-

chino in the sumo II1l1nnOl' aa the ~~b~ul~ ~~~r~ll~n~(~\,I~'dU 'Ir~3!
' 'pllrLs being peened, Tho surf'uce lockwlae dlal lndlcntor ,fg1

16:
~ tJ/:m

01 tho holding fixture, to which tho .3116 , r-~
wataLriplsnUnchod,isloontodin .r :: ...,\ _::-_ _ lll~ -_p_._l

".uch 1\ way as to represent l\ orltl- I" \ - nli2ti +.~1 i6~
... al area of tho work, in order that _.{---\.. -l=-:.;=~- -- 1.248 ,u.!!l! -, - - ~~? v/
.- \ ,..._. --- l,26~, I 1 /16
tho peening received by the test, ( ..u- l ~IL 1 I

"'/ - )< rnux ~I"-"e --- __1.elrip will be subetnntinlly the same I '.... ".

llS 10 received by the work. UBU- ... - l7
lilly, tho holding, fixture is welded 1/ hardened dowels f ... a 11..l' our ~il hardened
or bolted to a dummy machine utoel bldl.

part that has been prepared for FlO. 3. Almen uage.
tho purpose: Complex machine

, parte having many angles and planes may require a number 'of holding blocks, each
Icpro81111ting a different plane or orltlcnl nreu of the work. Peening intenaity meuuurouiont a
arc made several times each working day, Now teat atripB are used for eueh locution
every time the measurements are made, ,
, Peening intensity ia 11 measure of the quality of tho shot stream which tony be likened
to the measurement of temperature ill 0. heat-treating oporution. 'rho ternpcruture of
the metnl being heat treated is usually arrived nt indirectly by mensuring the t.erupornture

A shot-peening specification consists of the indlcutcr reading Ior tho test strip, whioh
I. tho arc height in inches, followed by the letter designuting the strip size,

Shot-peening speoifioationa must take into account tho climensiona and physlunl prupor­
tll'1l of the peening shot. the chnructerisbica of the shot atrenrn, nnd tho phyuiou] propert.ies
and manner of loading of the machine pur t being peened. The Iuctors nffuct.iug pooulng
1llt~llllity are shot size, shot velocity, coverage (quantity of shot pel' unit 0.1'011), shol, oI01l1lli­

I1CIlJl, dlreot.ion of shot relative to work, and shot quality (hnrdnesa, 11)(\BB, uhupn, ot n.).
SHOT SIZE. A system of peening shot sizes has been adopted by tho Suciol y of Alit 0­

mnttve Engineers and uccepted by allot manufncturors, 'I'uie-stnndard dllHi/J:lllll.\·!l Ilhot
, ' .lao by n number whloh is tho nominul shot diumetor in mills, prcooderl by tho lott or '"I"

to diatluguieh peening shot from shot intended Ior other purposes. 'I'nblo 1 l!l II ruprudun­
, tlon of the shot-size spooificublous included in tho SAg Rooornmoudod Pructico,

'rho soloction of shot size depends on (1) the rudli of fillets und of surfuoc lrrcgulnr it \IHi

.uch 0Ii Indentutlone und cutter murka, (2) the section t.hickncse of the work, (:1) tho IIp\ll\I\r~

.nco doslrud, (4) the ubrusion deslred, IU1d (5) tho mauuer of lomlilll{ tho POllllllll nn rt ,
Radii of Fillets. The radius of tho allot should be npproximutoly hnlf, 01' IllHIl t.hnu hulf,

tho n~diuB of tho amulleat fillet 01' surfaoe il'l'ogulnrity in Lhooriticul flreo., This \'\1\0 \loot! lIuL

Ilpply to ahallow Olltter marks 01' scmtoheH, tile depth of which is snlll11 wit.h rO:iIHH:L lo tho
, Ut,plh of the compressively stressed Illyer. If the mdii of the shot are Inl'go with l'tllllH'ct

t~ lho rudii of deep cutter mnrks aI' of fillets, the compressive strollS induced in thouu l't'gillllll

.ilI ho too smnll to nITord affeotive protection, '
Section ThlclmesB. Whon tho tldckno88 of the work Illling peonod ill tJlIllIlI IlllllI pll/I'I1

10 Iho llizo of tllo Hhot, thoro is dllllgor Lhllt the incllleod OOll\\lI'OIJHivll 1l1"Ot:l1l willl\,xl"lId tllO



20-~16 PLASTIC \VOnKING OF' METALS

Table 1. Peening Shot Numbers and Screening Tolerances
Pur cent of tutulllulIlple by wt!ight rdlliJwd 011 l'lwh JJCIUllclit screen

(Reprinted by ptlnllil:ll:lioll from the .sAN JJIHld/Jook)

Ilijl.h-limit Screen Overslse Screen Nominal Bcreen Low-limit Screen
1'....0·

illg Shot Screen Shot Boreen Shot 81'nJlJ/l Shot Screen
HllOt Retuined, Number Retained, Number Retained, Number Rctuined, Number

NUIIl- % and % und % find % and
ber maa Aperture max Aperture min Aperture max Aperture

-,-
P 157 0 3 1/2(.223) 2 4(.187) 90 5(.151) 5 6(. 132)
P 132 0 04(.181) 2 5(.151) 90 6(. 132) 5 1(. Ill)
P III 0 5(.157) 2 6(.132) 90 7(.111) 5 8(.0931}

l' 9' 0 6(.132) 2 7(. III) 90 8(.0937) 5 10(.0787)
P 7t1 0 7(. III) 2 8(.0937) 90 10(.0187) 5 12(.0661)

P 66 0 8(.0937) 2 10(.0187) 90 12(.0661) 5 104(. 055S)
P 55 0 10(.0187) 5 12(.0661) 85 14(.0555) 7 16(.0469)
P 46 0 12(.0661) 5 14(.0555) 85 16(.0469) 7 I B(. 0394)
PH 0 14(.0555) 5 16(.0469) 85 18(.0394) 7 20(.0331)
PH 0 16(.0469) s 18(.0394) 85 20(.0331) 7 25(.0260)

I' 28 0 18(.0394) 5 20(.0331) 80 25(.0280) 12 30(.02321
P 23 0 20(.0331) 5 25(.0280) 80 30(.0232) 12 35(.0197)
P 19 0 25(.0280) 5 30(.0232) 80 35(.0197) 12 40(.016S)
P 16 0 30(.0232) 5 35(.0197) 80 40(.0165) 12 45(.0138)
1'13 I) 35(.0197) .5 40(.0165) 75 45(.0138) 17 50(.0117)

Pit 0 40(.0165) 5 45(.0138) 15 50(.0117) 17 60(.0098)
PI) 0 45(.0138) 5 50(.0117) 70 60(.0098) 22 70(.0083i
PH 0 50(.0117) 5 60(.0098) 70 70(.0083) 22 80(.0070'
1'7 0 60(.0098) .s 70(.00B3) 10 80(.0070) 22 I00(.00591
P6 0 70(.0083) 5 BO(.0070) 70 I 00(.0059) 22 120(.00491

Muximum "fines" allowed through smallest screen, 3%.
The shot number is roughly the size of the shot pellets in thousandtha of an inch.
Peroentuges given are on the baeia of weight.

deeply into the work instead of affecting 11relatively thin layer, as is desired. The diameter
of the shot should be less than the thickness of the work, since the depth of the com­
pressively atressed layer inoreases as the shot diameter increases.

A()pearance. The section thickness of the work abo influences the shot size from the
standpoint of appearance of the peened surface. Coarse peening is less offensive to the
eye on t hick sections than on thin sections.

Abrasion Desired. The nmount of material that is abraded from the surface of the work.
(or any peening intensity, is greater when smull shot is used than when large shot is used.

Loading of Part. For any shot velocity, the t.hickness of the compressively stres:k'<l
laver is roughly proportional to the shot diameter. The desired t.hlokness of the cornpree­
aively stressed layer will depend on the manner in which the peened part is loaded in 8erviN~,

as well as on the section thiekness. For members loaded in tension and Ior surfuces when
peening hus been superimposed on a deep prestress obtained by other means such Ii'

eurburiaing or overstressing, the compressively stressed layer should be thin. For member
loaded in bending or in torsion, which are not otherwise prestressed, tho compresBiveJ;
st rcssod Iaver should be relatively thick. .

SHOT VELOCITY. The shot velocity that will be required {or any specified p{.>(lntll
int.ensit y will vary with (1) the size of the shot. (2) the hardness of the shot, (3) the ma
of the shot, and (4) the direction of the shot relative to tho work.

Size 01 Shot. The size of the shot affects the shot velocity to be used (or any specifi:
peening inteneity, because the depth of the oompresslvely stresaod layer ia proportiorJ
to 1he shut, aise,

Hardness ot Shot. If tho shot is 80 soft ns to deform on 8t.rildlll( tho work, some of 1
8hol l'llt'I'IO' will be lost., The shot will also preseut p;rl'fltol' Ilr(\flH of onnt.uct, nnd iheref
tht' unit pressure and tJIlI plH.milll( inttml>it.v will he reduced unlcas volocit y is illel'enscd

MUd of Shot, The ellt'l'p;.v of tho shot, will vury with itH IIl11Hli und wit h it s velocity-
t lw 1I11UlH 01 Hhot ill chunged, it ls necessary to change tho volouity to ruuintnin eonst
J}t'.·lIillj.( iut.ensit.y.

Direction ot Shot. The ellonty of Ihe IdIOt thilt hlnhlmrbo(l hv tho work will vary flpPI
itnat ely as the sine of tho angle between the plune of tho work uud the line of morio'



_ Shot velocity or ahob
al;l;o too umall

the shot.. To maintain conutunt peening inteusity of the work, it ill therefore ncceesary
to chllll/(P the velocity of t.ho l'lhot us tlw ulIglt· of impuot ill chnugod.

COVERAGE. By C()l'erugl' is mount uuif'orru diHtrilJlltioll of !J('l'lling IltrCHti over tho eur­
fllee of the work. Uniform Htrl'H!:I rnonns t hut the p()illt~ of illllmd ure IlO IlUnWl'OU~ tllllt
the litrell~ induced by ouch irupuut overlaps the udjueunt utrossed ureu to produce o!:lllCntiully
uniform st.ress,

The Bailie inetrument.s that IU'O used to IlIPUIlUre peening irrtcnsit.y lire used to dater-mine
the time of exposure of tho work to tho shot streum to obtain adequate coveruge, Since the
total residual t:Ilre!:lfi will continue to in-
crellse until the peened surface is uni- ~h~~r:~~Ju~u~:I~I~'

/.1 formly stressed, the curvat.ure of the test ~I;I;u too llrellt

~~~:~i;~~t~l~~i~l.ueto increuae until saturn- II ~ I-.L.---.t':o;........;..--.__...;:.j._ g~:re:~":o~~I,~~:loDof

Figure 5 il:l a chart of peening inteneity ~ t ahot velocity und ,In
~ [jplot ted aguiust time of exposure. The ~ ~

upper curve shews a condition in which til e
the Ilpecified peening int.enaity reading is 's 'y
attained at A, but siuoe the curve con- ~ g
tinues to rise with increased time of ex-
posure, it is evident that the peening 'I'ime ot peening:= quantity of Jlhot

stress at point A was not uniform; that ill, FIG. 5. Peening intensity versus time of exposure.
the coverage was inadequate.

The second curve shows correct combinations of shot size and velocity so that the
required peening intensity is attained at B after a time of exposure sufficient to suturute
the surface.

The lower curve indicates conditions under which the desired peening intensity cannot
be attained because of insufficient depth of the induced stress.

To determine the time of exposure required to obtain adequate coverage, suocesslve
test strips are passed through the shot stream, varying only the time of exposure. The
arc height reading of euch strip ill plotted aguinst the time of exposure. as in Fig. 5. Altera­
tions are then made in shot velocity or in shot size until the required peening intensity is
obtained as the limit of arc height ill approached.

SHOT CLEANLINESS. Good peening requires that only reasonably round shot of
uniform size be used in the machine. Since a considerable percentage of normul commercial
shot will eventually fracture or wear as a result of repeated impact against the work or
against the wall of the cabinet., means have to be provided for discarding split or other
Iructured shot, undersized shot. and dust.

Undersized shot, split t:I11Ot, and smaller fragments are objectionable because they (1)
reduce peening intensit.y, (2) increuse abrusion, (3) cut, rather than peon, (4) contaminate
the surface of the work. and (5) increase the cost of peening.

L Peening intensity is reduced because the small particles strike the work with less
energy than the original-sized purt.icles.

2. Abrasion is increased because the broken. sharp-edged particles weur away the aurfuco
much more readily than the round shot.

3. MILny of the broken shot cut into tho work like a. knife, and muy therefore reduce
the fatigue st.rength of the work, since such cuts may extend deeply into tho com­
pressivelv stressed layer.

o. To maintain the specified peening intensity. it is necessary to increase tho velocity
as the shot breaks down. Thill Increased velocity uccelerutes the lnoukdown of tho
remaining whole shot as well all the added new shot., thus requiring more roplaoornont
thun if only clean, round material of the specified size were used. All tho shot siao
is decreased, not only must the velocity be Increased, but often the time of exposure
must alao be increased,

SHOT QUALITY. Under "shot quality may be listed such' properties us (I) hurdness,
(2) impact fatigue strength, (3) shape, (4) soundness, (5) size runge, and (II) rnusa,

Hardness. Residuul compressive st.rese can be induced by shot Moftel' t luui tho rnnl eriul
killg peened, but, generully, shot should be all hard ali, or hurder thun, tho work. If tho
t).ot is too soft, it will 1080 its energy in deformation, and the induced II tr!'::'''i ill tho
'I"ork will be LOO small to produce the desired compressive stress uulcss tho volueity ill
lrlc:re/ll:led.

Impact Fatigue Strength. Tho rate of Iructure of BOIll1d shot, \IIii'd in poonin j.(, it!
t:,t:a!;\ll'ed by t hll impuct. Iutiguu al rung t.h. Tho impnct Iut iguu Ht rrllgl h of couunerr-iul
dulled iron shot ill low-honce tho iruportuuoe of good devices fur IWIH\mt.ing Irncturod
ILUlterial from whole shot.
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PEENING SPECIFICA'rrONS 20-49

Shape. The shape of tho shot ie important from tho atundpoint of uniformity of peen­
illl-(. However, it iii not conunerciullv pO~1'lilllt' to obt.niu only true Hpheri(·td shot .

Soundness. A cOIlHidomhlo POI'I:(llIt1\~1' of noriuul I:hillc'd~il'Oll Mhot iii hollow. 'I'his
U~l111lly Iructurcs more readily t hun sound shot and il:l quickly cluuinutud when an udequut.e
t:-epllrator is used,

Size Range. Tho runge of tlize of oommerciul screened shot hua been specified by tho
society of Automotive Engineers.

Mass. Shot for peening purpoaes may be made from material other thun chilled iron
or steel. FOl' example, aluminum may be peened with glus« shot, gruuules of plastic mute­
rial. or walnut shell grunules. 'I'hes« alt.eruute mut.eriuls avoid electrolytio corrosion,
especially in muguesium, and tho walnut shell and plust.io grunules nlso uvoid abrusi ve
contamilllltion. The softer peening materials are not capable of inducing residual sl.resa
in steel; hence the standard peening intensitv strip cannot be used to measure peening
inten:;ity. Aluminum or athol' sof't motul st.rips, not yet at.nndurdiecd, will Herve, however.

It iii not possible to generalize with regard to peening int.ensity speuiflcut.iona becuuse
of the wide vuriet y of machine purt~ made from many kinds of rnetuls vuriouely loaded nnd
heat treated. As in specif'ying heat trent.ments, each etHIO presents problems peculiar to
itself. It will perhaps be helpful to indicate peening intensit.y specifieat.ions that hnve
been reusonably euccessful when applied to typical machine purts. Such data are pro­
seated in Tuble 2.




