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SHOT PEENING ([ 44000
By J. O. Almen

The purpose of shot peening is to permit more efficient use of structural metals, Jus
as eurlier generations of designers were enabled to reduco the weight and cost of the:
structures by the substitution of steel for wrought iron, by the introduction of heat trear-
ment, and by the development of modern alloy steels, so prestressing by several processes
including shot peening, increases the net work that may be obtained per unit weight of

muchine parta,
10. APPLICATION OF SHOT PEENING

Shot peening is coming into extensive use as the most versatile of the several prestressing
processes for strengthening metal machine parts against cohesive failure. Coheus
failures that are characterized by brittle fracture are caused only by tensile stresses an!
result from (1) impuet loads on brittle metals in which the tensile stress acting at the
surfnce is greatly magnified by various forms of stress raisers, (2) stress corrosion in whict
cracks (usually intercrystalline) propagate through metal that is stressed in tension, and
(3} fatigue failures in which, because of the magnification of surface tensile stresses, frar
tures occeur from repeated londs that stress the metals less than their nominal yield strese

Shot peening is effective against these forms of cohesive failure becunuse it induce
residual compressive stress in the surfuce of the metal being peencd. The surface tensit
stresses from externally applied loads will be reduced by the amount of the residual con-
pressive stress, The quality of the peening is determined by (1) the magnitude of the in-
duced residual stress, which is a function of the yield stress of the peened metul and thr
stute of strain in the metal at the tiine of peening, (2) the depth of the induced residus’
stress, which is o function of the hardness and ductility of the peened metal, the state
of struin in the motal at the time of peening, and the characteristics of the shot and the
shot streum, and (3) the degree of coverage, by which is meant the numnber of shot impact
per unit of area,

PROCESS. In the process of shot peening, relatively hard particles—usually spherics!
chilled cast iron or steel shot—are projected against the metal being peened with sufficier
velocity to indent the surfuce. The indentuations ut each point of impact rosult from locs!
plastic vielding of the peened metul. The deformed arens tend to expand elastically, but
they are restrained by adjacent, deeper metal that wns not plastically deformed by ﬂf'
shot impact.. Since the plastically deformed surface layer secks to oceupy more space, 8
is compressively strained; that is, it is residually strossed in compression.

STRESS-CORROSION CRACKING. Since stress-corrosion cracking oceurs only i
wetal thut is stressed in tension, it is necessury to protect the surfuce by only a thin layer
of comprossively strossed metal to prevent corrosive attnek, even though the underlyits
materinl is still highly strossod in tension,  Thus wolded or eold-formod vessels that &«
residunlly stressed in tension from the forming operation, or from the loenlized hest &
welding, and/or from the working loads, mny be protected ngninst stress corrosion
senson erncking by the corrosion-impervious layer produced by shot pecning. Surfs~
corroston will still occur, nnd may actually be inereased by the inerensed roughness, bt
the utereevstalline corrosion charncteristie of stress-corrosion erncking will bo stopix-
so long us the surfaco stross remaing compressive,  Shot peening will becomo ineffectiv
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against stress-corrosion cracking if the residual compressive stress is lost, as, for example,
by applyving external tensile loads that exceed the yield strength of the materinl. When
rensile plustw extension has oceurrved throughout the section, the residual stress induced
by peening will have been largely dissipated. Some materinls may lose much of the residual
aress by slow plastic yielding, usually known as ‘“ereep,” without the aid of external
Joads. In such materials, the protection afforded by shot peening will become loss effective
with time.

IMPACT STRENGTH. The resistance to impact fracture of many brittle materinls,
wch as hard steel, may be increased by shot peening to produce residual compressive
sress in & relatively thin surface layer. The hardest steel is still sufliciently plastic to
develop residual stress, although the indentations from shot impact may be too shallow
10 be detected without sensitive instrumentation.

The susceptibility to impact fracture is increased by surfuce imperfections and dis-
continuities (often submicroscopic), such as micro-stresses, seratches, minute notches,
erroded areas, and similar stress raisers. These stress raisers cannot be eliminated by
olishing, but they are rendered ineffective when the surface metal is compressively
aressed to a depth equal to the depth of the discontinuities.

The impact strength is increased by an amount somewhat less than the residual com-
jressive stress acting on the “notched’ areas. 1f the effective depth of the notches is
greater than the depth of the induced stress, the peening operation will be ineffective. Shot
peening will also be ineffective for inereasing the resistance to impuct failure in metuls
inat are sufficiently plastic to yield under the applied loads. When appreciable plastic
vielding occurs, the residual stress induced by the peening operation will be dissipated.

FATIGUE STRENGTH., Fatigue failures, like impact failures, result from tensile
yiress only, Under conditions of repented load applications, cohesive failures will occur
itom stresses considerably less than the nominal yield strength of the materinl, Since
tiere is no apparent yielding, the fracture will be brittle in character, even though the
material is quite ductile as measured by the conventional static tensile and bending tests,

Under ordinary conditions of specimen preparation, fatigue fractures will originate
very near the surfuce, because the surface tensile stress is always augmented by micro-
rresses and various kinds of stress raisers, or perhups because a surface is, itself, a dis-
omtinuity. The stress increment that is added by surface stress raisers increases as the
duetility of the material decreases until, in hard steel, the effective tensile stress may be
wveral 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
tere is, therefore, a well-recognized limit of hardness for best futigue durability. Thus
iie upper limit of hardness of ordinary springs lies in the range of Rockwell C 40-45
wcause of surface vulnerability.

However, this hardness limitation does not apply when the hardness is obtained by
arburizing or by nitriding, ss, for example, in carburized gear teeth, carburized wrist
;.08, and nitrided crankshafts., The fatigue strength of machine purts that aroe surface
:srdened by these processes generally increnses as the hardness increases. This deviation
rum the rule of brittleness is due to the residual compressive stress that is developed in
v surface by the volume increase that occurs in the hardened case. It follows that the
rirface vulnerability (notch sensitivity) of the hardened surfuce of the steol cannot assert

«If until the initial compreasive stross is overcome by tensile stresses from external londs,
tuce, in most nitrided specimens and in many curburized specimens, the magnitude of
~eresidunl eompressive stress is of thoe order of 100,000 to 150,000 psi, the tensile stresses
~an externully applied londs are often not sufficient to overcome the residual compressive
vresses in the hardened case. The surfaces are, therefore, never stressed in tension, and
ot futigue failures will originate in the core.

SHOT-PEENING STRESS. The vuluerability to fatigue failure of machine parts
4 of luboratory specimons is reduced by shot poening beenuse of the layer of uniform
“~idunl compressive stress that is induced when the peening process is proper ly performed.
« wust he recognized, however, that there ure important differences betwegn the protec-

1against fatigae fuilure that may be gained by the surface-hardening processes pro-
sosly deseribed and by shot peening.  Prestressing by shot peening alone is not so effec-

©us prestressing by several other processes, but it is the most versatile, beennso it may

Sapplied at relutively low cost to machine parts of all shapes and to motuls of nll kinds, '

“¢ magnitude of tho residunl compressive stress obtainable by shot pvvmnx is ofunl to
wmxunumly one half the nominal yield stress of the metal when the puunnm COVOrngo
+ sdequute and when the peening is performed on the specimen while in an unstrained
“ste. This compressive stress of 504 yield strength is negative to the dungerous tensile
" It is available to offset surfnee futigue vulnerubility when, for example, the peening
#applied to tho tension-stressed side of a benm that is subjectod to repented bending londs
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in one direction. However, much or all of the protective residual surface stress may b
loat from a shot-peened beam that is subjected to repentod reversed-bending loads,

REVERSED-BENDING LOADS. In reversed loading, one side of the beam wif te
compressively stressed at each load application.  The compressive stress on that side wil,
then, be the residual stress that was induced by shot peening, plus the compressive Hlrew
from the external bending load.  If this total exceeds the compressive yield strengty,
the materinl, the residunl compressive stress will be reduced, and a corresponding p,,_.;
of the protection ngainst surface vulnerability will be lost. The actunl yield stress unde
repeated londing is considerably less than the nominal yield stress as measured by gy,
londing, and it is therefore possible to lose all the residual stress induced by shot peening
If all or most of the residual compressive stress is lost, the fatigue strength of the par
nny actually be less than before peening, because of the incrensed notch effects in 1,
roughened surface.  Such loss of residual compressive stress under repeated reverws.
bending Joads does not readily oceur in carburized and in nitrided parts because of .
greatly inereased vield strength of the hardened surfaces.

ONE-WAY BENDING LOADS. The residunl compressive stress from shot peenirg
is not lost from the tension side of parts subjected to bending loads that act in one directus
only. In such parts, the peening need be applied only to the tension-stressed side, s
since this side is not compressively stressed by externnl loads, the total compressive stree
remains that which is induced by peening.

Any plastic yielding that may occur on the tension side will increase the residual oo
pressive stress and will therefore tend to increase the fatigue strength of the part. |
fuet, such vielding actually does oceur in nonpeened, as well as in peened specimens, wiac
is one reason—perhups the principal reason—ifor the greater fatigue strength of specimi-.
subjected to one-direction loading. The effect usually referred to as ‘‘understressing” »
also explained by such yielding.

Plastic yielding also occurs on the side of fatigue specimens that are loaded in o
pression. Such compressive yvielding results in residual tensile stresses, which occasions!
become great enough to cause fatigue failures to originate on the side nominally stresw.
in compression, The maximumn tensile stress occurs, of course, when the external losd »
removed.,  Irom such occurrences arises the erroneous belief that fatigue failures can ta
caused by compressive stress.

Becnyse of the greater protection ngainst surfuce vulnerability that is given to fatgpn
specinlens subjected to one-way bending loads, it is often desiruble to increase the cou
pressive stress induced by shot peening. This may be accomplished by performing tis
peening on the tension side while the part is statically loaded, in the direction of the nornx
service load, to approximately one-half the yield stress of the material. The peening »..
then superimpose upon the static tensile stress, compressive stress equal to about &'
vield stress, which will be inecreased to approximately 1009, yield stress when the sta:.
load is removed. The static load to be applied during peening should not exceed
vield stress beemuse, upon relaxing the external load, the compressive stress will excees
the yield strength, and plastic deformation will occur. This plastic deformation will i
in the opposite sense Lo the plastic deformation that occurred during shot peening, s
the surfnce layver might be damaged by being excessively cold worked.

FATIGUE TESTS MAY BE MISLEADING. From the foregoing, it will be seen ths
it is not possible to evalunte the effect of shot peening or to measure the fatigue strens !
of purts that, in norinul use, are to be louded in one-direction bending, by subjecting ‘*.""‘
to reversed-bending futigue tests. This is also true of specimens in which favorable resuius
stresses have been developed by understressing and by such processes as surface rollits
overlonding to enuse yielding, and quenching from tempering temperature.

MEMBERS LOADED IN TORSION. It is usually convenient to consider mermbary
that are londed in torsion to be stressed in shear. Yowever, to understand the effects @
prestressing, it is necessury to apply u stress pattern that wmay be expressed in v
having positive and negative values. Therefore, instead of shear, the tensile and comj=+=
give stress components of the shear stress are used. These stresses act at angles o ¢
degrees to the shear plane and st right angles to one another; that is, when the ter=”
stress nets in the direction of u right-hund helix, the compressive stress will act 18 3
direction of u left-band helix.

1n repeuted reversed-torsionn] loading, the tensile and compressive stresses are rever
ut ench lond appliention, and therefore the residusl compressive stress induced by ’.‘L‘_L
peening mny bo lost, wholly or in part, in the snme muanner s in specinens subjectes
reversod-bending loads,

L or torsionud foads that are applied in one direction only, the residunl compressive #4
avting in the direction of the tensile stress component vemnins fully offective. 'M““ !
all of the residunl compressive stress neting in the direction of the compressive =

o



APPLICATION OF SHOT PEENING 20-43

component may be lost by plastic yiolding, but this loss does no harm unless the yielding
1s s0 extensive as to induce dungerous residual tensile stress when the external load is at
its minimum,

For greater protection against fatigue in one-way torsional londing, the magnitude of
the residunl compressive stress induced by shot peening muy be increased by porforming
the peening whilo the spocimon is statically loaded, in the normal direetion of twist, to
,pproximutely half the yicld stress of the materiul.  The surfuce stress prior to peening
will then be one-half the tension yield stress in the direction of the tensile stress component
snd one-half the compressive yield stress in the direetion of the compressive stress come-
ponent. After peening, while still statically loaded, the surface stress in both direotions
will be compressive and equal to one-half the yield stress of the metal. The peening will
wot have altered the surfuce stress in the direction of the compressive conmponent, but in
the direction of the tension component the surfuce stress will have been changed from
one-half the yield stress in tension to one-half the yield stress in compression, a plastic
dow representing 1009 of the yield stress of the metal,

Upon release of the external load, the bar will untwist to nearly its original angle of
wero stress.  In so doing, however, the strain in the direction of the tensile component will
increase the compressive stress and the strain in the direction of the compressive component
will reduce the compressive stress, The residual compressive stress will then be, roughly,
100% of the compressive yield stress in the direction of the tensile component and gero
«ress in the direction of the compressive component. Since, under ordinary test load
range from zero to maximum, slow yielding will oceur under repeated loading, the residual
comnpressive stress in the direction of the tensile component may decrease slightly to equal
tue dynamic compressive yield stress. In the direction of the compressive component,
tensile residual stress will be induced by slow yielding. Extensive plastic yiclding by creep,
added to the plastic deformation that occurred during peening, may dumage the material
sutBeiently to cause fatigue failure from the induced tensile residual stress, which acts
in the direction of the nominal compressive stress, Being residual, the maximum tensile
aress, which may cause fatigue fracture, occurs when the external load is removed. Since
tue fatigue fracture will originate on a line at right angles to the tensile stress eausing the
tailure, it is possible, by observing the direction of the initial fracture, to determine whether
e failure was caused by the tensile component of the external load or by induced residual
tensile stress acting in the direction of the compressive stress component. Fracture from
aduced tensile stress cannot oceur from a test in which the load is varied from the same
ruximum, but to a lesser minimum; for example, in a test in which the load range is plus
25% to plus 100%. This agnin 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 muachine parts, and occasionul futigue speci-
mens, are loaded in tension or in combinations of tension and compression. Shot peening
will increase the fatigue strength of specimens repeatedly loaded in tension by reducing
iue subsequent tensile stress in the vulnerable surfuce layer., However, since the residual
compressive stress in the surfuce layer must be balanced by tensile stress in the core to
zaintain foree equilibrium, the total tensile stress in the core will be the tensile stress from
tue external load, plus the residusl tensile stress. 1f the aren of the specimen is small in
telation to the depth of the peened layer, the residual tensile stress may become so great
1o require only a small external tensile load to cuuse subsurface fatigue failure. Slight
iwening may be very beneficiul from the standpoint of fatigue, und heavy peening muy be
very harmful.

Under push-pull fatigue loading, the residual compressive stress from shot peening may
w lost, in whole or in part, depending on the magnitude of the external compressive load.
When the residual compressive stress is lost, the specimen will have been damaged by shot
~vuing beenuse of the increased stress raisers created by the peening.

CARBURIZED AND SHOT-PEENED METALS. Tho residual stress thut results from
arburizing can be made much more effoctive by shot peening as a final operation. The
'=idual stress from enrburizing extends to the depth of the hurdened ense, nnd the comn-
ireasive stress is of the order of 100,000 psi.  However, the maximum stress occurs nt some
=pth, with considerable loss of stress nenr the surfnce. Shot pecening effectively increases
=& maximum compressive stress, and, since the compressive yield stress in the hardened
b iy great, there will be little luss of residunl compressive stress during fatigue tosting

< in normul service, The fatigue fructure will often originate in the core in curburized
“d shot-peened specimens, for the reason that the surfaee stress does not becomo tonsile.
‘of a given specimen, a close appronch to the best possible trentment will have been
Ulained when fatigue fructures in successive spocimens originate with equal frequency
Ythe surfuce und in the core.  This must not be tnken us “best,” however, beenuso the
“ative wrens of core and case may be such ns to stress the core in tension unduly,



Vi effect similar to curburizing may be obtained by other onse-hardening procosaos,
I etel soctions of adequute dimmester, Jow-hurdenability stoel, such us severoly quonched
SA b 1010-1060, will harden only in a relatively thin enne. This hardened cuse will
remdundly stressod in cotmpression bocuuse of the volume incrense upon hardening, just
as oceurs inon enrburized cnse.  The fatigue strength of such specimens in bending and In ¢
torston mny bo furthor inerensed by shot peening. S
TREATMENT FOR BEST FATIGULE STRENGTH. Ior repeated reversed loadiug - 1
in bending and in torsion, the best faligue strength (rom prestressing of steel is obtained !
Ly cano hardoning followed by shot peening, The deep, and relatively grent, residual -
conpnossive stress reduoes the tonsile stress from external loads, and the high yield strength ;
ol tho cnso provents serious losa of the protoctive stress. Shot peening is not required fog !
nitrided parts, bosause the residual stress is sufliciently groat ns heat treated. “."‘,‘
IFor one-way bending or one-way torsion, the best fatigue strength may be obtalned
from parts that are deep hardened, The material may be in the hardness range Rookwell "yt
O BU-b6; it should boe overlonded to produce plastio yielding in the same direction ns the
normal lond; and, Anally, it should beshot peened while stationlly loaded to approximately |
hall the yield strain. . ' o ‘ ol
Hocnuse of the suggested hardness of the specimen, the operation of prestressing by ! ‘.';'.
overlonding is harardous, partioularly since the plastio deformation should be extonslya !’
onough to oxtend to approximately 16 to 20% of the specimen thickness, Unless suitally
proosutions nre observed, this extensive cold setting may damage the material and may |,
sven onuse immediate fraoture. The overloading should therefore be applied at uy '
oluvatod temperature to reduce the yield stress temporarily and to inerease the ductllity @ |
of tha stosl,  Bhot peening at one-hall yield strain prior to presetting will also aid in pre«. |
venting fraoture or other damage during the presetting operation, TFinally, the shots
peening operation should be applied while the purt jg

§
A

T3 statieally loaded in the direction of the normal load teo '

‘50 approximately halfl the yield strain, W

8"k.015 | : ' s

= ). 11, SHOT-PEENING INSTRUMENTATION

fria, 1, Almen shot-peening test . . :
attlp,  Bpeoitiontions nrei Itard-  To gpecify that s machine part is to be shol pesnml
‘fl‘?z‘)‘"()()‘l‘é"““““iﬁilA{:m"jl'\"lflf'.:e.ﬂi‘:{‘“ﬁ':; without stating how much, in measurable quantitios, s
thickness, 0.051 sk 0.001 in Calrip equivalent to specifying '‘heat treat’ witliout mentjon. -
thlokness, 0.004 & 0.001 in, Inds ing temperature or time. To meet this need, instrumon. '
ﬁﬁ"'.é’.‘,‘ﬁv‘éﬁ"]?}i‘i (‘Lﬂ?::é}i,“r{;;'\:\;ﬁt_' tation is available that is sufficient for the purpose jy
. noecurucy, cost, and simplicity. R
The principal instruinent that is used for measuring, and thereby controlling, shot
posing consists of s standard steel strip ‘(Fig, 1) that is shot peened on one side while
attached by sorews to a heavy hardened steel base (IMig. 2). When'the test strip is romoved + *
from the heavy base after peen- = -

R}

te

ing, tho renidunl compressive )
ptress that was induced causes e | ‘ "
oonvex owrvature of the strip ] Ca Y
oun the poened side. The ocur- R 1940 L
vulure is monsured on the un-, 946 1.6 R
pooned sido in .terms of aro .Ll ‘
hoight over n standard chord Vo ‘
Dt Mg b
by a special indicntor (IFig. 3). S “
The mmount of curvature, 1 Four Airound head -,
. N . 8 ecrews with hex nuts
that is, the numu\n’(;(l{ t;ro hoight | '{‘eststl‘ipcy“"l‘]" (O cana) © 3
of the strip, ia eallod peening ~ - shaded)
titensty,  The pooning inten~ [¥ iR st Rooni D ) .
nily is tho overall effect of ‘ i L
tho mngnitude of the induced | ! ) 8 ‘
stionn, tho dopth of the stressod ' l ‘ ‘
lnyor, and tho uniformity of LLJJ . LUJ L]
the stross, in magonitude and \
in depth, over the surface of Tha, 2. Holding fixture for shot-peening teat ntiip, o

the strip—horenafter culled the .

coverage, Bince the peening intensily mensurement is made on a steel strip of stundurd

dimonsions and standard physical properties, the magnitude and depth of the induced 7

siress uro (hose of the test strip and not of the metal being peened, :
Two thicknesses of test strips have beon stundurdized to meot the needs of sensitivity

tor light und for severs poening. The dimensions of the two strips, designated ns A siripe



and C strips, are givon in Fig. 1. A ohart correluting peoning intensity rondings from A
strips und C strips is shown in Fig. 4.

In procuction use, tho hardened holding fixture (Fig. 2), with attached test strip, is
passed through the peoning mn- Contuct st £ all bl
chine in thie same manner as the T b6 I one plane & 002 8

' “parts being peened. The surfnce Clockwise dla) Indleator 7
of the holding fixture, to which the
test atrip is attached, is looated in

"such & way a8 to represent n criti-

" eal area of the work, in order that

;¢ tho peening received by the test

strip will be substantially the same

. us I8 roceived by the work, Usu-

;- ally, the holding fixture is wuldlod K hardoned dowdls Four ’/.I,‘hnnluned |

“"or bolted to a dummy machine stesl bulls

part that has been prepared for ' Fia. 8,

. the purpose, Complex machine

'y parts having many angles and planes may require a number 'of holding blocks, each

» yepresenting a different plane or oritical aren of the work., Poening intonsily mensuremonts

. aro made several times ench working day, New test strips are used for each location

. evory time the measurements are made, )

I Peening Intensity is a measure of the quality of the shot strenm which may be likened

i to the mensurement of temperature in n heat-treating operntion, The temperature of

i the metal being heat treated is usuanlly arrived at indivectly by mensuring the tomporature

Almen gage.

Y .008 Ojf,o-
ey d 1o

i © ' o""0| |

{,’ ‘o § o ,,/’6/ |

s 04 =

b |4 g0 o i

B ' g e Limitof A strlp L]

¥ | raliability —

; " 0 //1 ' |

Y 004 008 012 010 020 024 028
N Intensity, A

L Fra. 4, Correlatlon of gage readings for Almen A u,nd C atripa,

%! of the furnace in the vicinity of the work and exposing the work to that temperature for a
; sufficient time to saturate the metal. Unless both temperature and time are correctly
v ppocified, and unless the specifieations are followed, the heat-trenting operation cannot bo
successful.

! 12. PEENING SPECIFICATIONS

', A shot-peening specification consists of the indicntor roading for the test strip, which
{s the aro height in inches, followed by the letter designating the strip size.
Bhot-peening specifications must take into account the dimensions and physical propor-
tles of the peening shot, the characteristics of the shot stream, and the physical properties
. and manner of loading of the machine part being poened. The factors nffecting pooning
" Intensity are shot size, shat velocity, coverage (quantity of shot per unit aven), shot clonnli-
ness, direction of shot relative to worl, and shot quality (hardness, mass, shups, oto.),
SHOT SIZE, A system of peening shot sizes hus been adopted by the Bocivly of Auto-
" motive Engineers and nccepted by shot manufacturers, ‘T'his standard designntes shot
“alzo by a number whioch is the nominal ghot dirmetor in mills, preceded by the lotter P
to distinguish peening shot from shot intended for other purposes. Table 1 is a roprodie-
tion of tho shot-size specifications included in the SAI Recomimended Practico,
‘ “The selaction of shot size deponds on (1) the radii of fillets and of surfnes irregulnritios
" such as indentations and cutter marks, (2) the section thickness of the work, (3) tho apponr-
snce dosired, (4) the nbrasion desired, and (6) the manner of londing tho poenod part,
Ragdil of Fillets. The radius of the shot should be npproximatoly half, or loss than half,
tho radius of the smallest fillet or surfucoe irregularvity in tho critical area. This rulo dooes not
apply to shallow cutter marks or scrntches, the depth of which is small with reapoct to the
dopth of the compressively stressed luyer, If the radii of the shot are lnrge with respect
to the radii of deep cutter murks or of fillots, the compressive stross induced in thoess regions
will be too small to alford effective protection. .
Section Thickness. When thoe thickness of the work being peencd is smull compnred
10 the size of tho shot, thore is dangoer that the induced compressive stross will extend too
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Table 1. Peening Shot Numbers and Screening Tolerances
Por cent of tta) sunple by weight retained on ench pertinent screen
{Reprinted by permission from the SA K Handbook)

Nigh-limit Bcreen Oversize Screen Nominal 8crean Low-limit Screen

Peen

ing Shot Baoreen Shot Boreen Shot Hereen Bhot Sereen
Shot | Retained, Number {Retained,{ Number |Retuined,{ Number jRetnined,! Number
Num-~ A and % and % and % and

ber max Aperture max Aperture min Aperture max Aperture
P57 0 31/9(.223) 2 4(.187) 90 5(.157) 5 6(.132)
P32 [ 4(, 187) 2 5(.157) 90 6(.132) 5 VIGRED)]
P 0 5(.157) 2 6(.132) 90 IGRRR)) 5 8(.093n
P93 0 6(.132) 2 7C.141) 90 8(.0937) 5 10(. 0787
P s ] 7¢. 411 2 8(.0937) 90 10(. 0787) 5 12(, 066
P 66 0 8(.0937) 2 10(.0787) 90 12(.0661) 5 14(. 0555)
P55 0 10(. 0780 5 12(.0661) 85 14(.0555) 7 16(. 04869)
P 46 0 12(.0661) 5 14(. 0555) 85 16(, 0469) 7 18(.0394)
P 39 0 14(,0559%) 5 16(.0469) 85 18(.0394) 7 20(, 0331y
P33 1] 16(. 0469) 5 18(.0394) 85 20(,0331) ? 25(,0280;
P28 0 18(.0394) 5 20(.0331) 80 25(.0280) 12 30(.023
P23 0 20(,0331) 5 25(.0280) 80 30(.0232) 12 35(.019n
P19 0 25(.0280) 5 30(.0232) 8¢ 35(.0197) i2 40(,0165)
P16 0 30(,0232) 5 35(.0197) 80 40(.0165) 12 45(,0138)
P13 ] 35¢. 0197 5 40(.0165) 75 45(.0138) 17 50(.0112
P [ 40(.0165) 5 45(.0138) 75 50(.0117) 17 60(, 0098,
P9 0 45(,0138) 5 50(.0117) 70 60(, 0098) 22 70(.0083;
P8 0 50(.0117) 5 60(. 0098) 70 70(, 0083) 22 80(. 0070
P7 ] 60(, 0098) 5 70(.0083) 70 80(. 0070) 22 100¢. 0059
P& 0 70(.0083) 5 80(.0070) 70 100(, 005%) 22 120(. 0649

Maximum “fines’" allowed through smallest screen, 3%.
The shot number is roughly the size of the shot pellets in thousandtha of an inch,

Percentuges given are on the basis of weight,

deeply into the work instead of affecting a relatively 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 stressed layer increases as the shot diameter increases.

Appearance. The section thickness of the work also influences the shot size from the
standpoint of appearance of the peened surface. Coarse peening is less offensive to the
eve on thick sections than on thin sections,

Abrasion Desired. The atnount of material that is abraded from the surface of the work,
for uny peening intensity, is greantor when small shot is used than when large shot is used.

Loading of Part. For any shot velocity, the thickness of the compressively stressed
layer is roughly proportional to the shot dinmeter. The desired thickness of the compres-
sively stressed layer will depend on the manner in which the peened part is loaded in service,
as well as on the section thickness. ¥or members londed in tension and for surfaces when
peening has been superimposed on a deep prestress obtained by other means such &
earburiring or averstressing, the compressively stressed layer should be thin. For member
londed in bending or in torsion, which are not otherwise prestressed, the compressivel
stressed laver should be relatively thick. .

SHOT VELOCITY. The shot veloeity that will be required for any specified peenin
intensity 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 relutive to the work. .

Size of Shat. 'The size of the shot affects the shot velocity to he used for any speff'ﬁ‘
peening intensity, because the depth of the compressively stressed layer is proportior
to the shot size,

Hardness of Shot. 1f the shot is 8o soft as to deform on striking the work, some of 1
shot energy will bo Jost. The shot will also present greater arens of contact, and theref
the unit pressure and the peening intensity will be reduced unlems velocity is inereased

Muras of Shot. Thoe energy of the shot will vary with ita mnss and with its velocity.
the mass of shot is chungod, it is nocessary to change the velocity to maintain const
peening intensity.

Direction of Shot. The energy of the shot that is absorbed by the work will vary appi
imately as the sine of the angle between the plane of the work und the line of motiol



the shot.  To maintain conutant peening intensity of the work, it is therefore necessary
to change the velocity of the shot as the angle of impaet is changed.

COVERAGE. By coreruge is meant uniform distribution of peening stress ovor the sire
{ace of the work., Uniform stress menns that the points of impuet nre so numerous that
the stress induced by each impuaet overlups the adjacent stressed aren Lo producoe essentinlly
uniform stress.

The same instruments that are used to measure peening intennity are used to determine
the time of exposure of the work to the shot strean to obtain adequate covernge. Bince the
total residual stress will continue to in-

crease until the peened surfance is umi- Requlred g;)v:rnge!‘rzauf‘{lc:forl\
- formly stressed, the curvature of the test Intenalt e b0 arent.

strip will continue to increase until satura~ ¥ 9 / ﬂ— Covernge correct

tion i8 attnined, 3B C;Jrl;ect,lcu.mbhm‘;loin of

Pigure 5 is a chart of peening intensity E E ! shot velocity und size

plotted aguinst time of exposure. The EE — Shat veloclty or uhob

upper curve shows a condition in which wg | #l8 100 uma

the specified peening intensity reading is  &° f

sttained at 4, but since the curve con- @ g; l

tinues to rise with increased time of ex- = 1

posure, it i8 evident that the peening Time of peening = quantity of shot
stress at point A was not uniform; that is, Pia, b, 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 saturate
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, successive
test strips are passed through the shot stream, varying only the time of exposure. The
sre height reading of each strip is plotted against the time of exposure, as in Fig. 5. Altera~
tions are then made in shot velocity or in ghot size until the required peening intensity is
obtained as the limit of arc height is approached.

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

Undersized shot, split shot, and smaller fragments are objectionable because they (1)
reduce peening intensity, (2) increase abrasion, (3) cut, rather than peen, (4) contaminate
the surface of the work, and (5) increase the cost of peening.

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

2. Abrasion isincreased becnuse the broken, sharp-edged particles wear away the surface
much more readily than the round shot.

3. Muny of the broken shot vut into the work like a knife, and may therefore reduce
the fatigue strength of the work, since such cuts may extend deeply into the com-
pressively stressed layer.

6. To maintain the specified peening intensity, it is necessary to increase the velocity
as the shot breaks down, This increased velocity accelerates the breukdown of the
remaining whole shot as well as the added new shot, thus requiring more replacomont
than if only clean, round material of the specified size were used, As the shot size
is decreased, not only must the velocity be inerensed, but often the time of exposure
must also be increased.

: SHOT QUALITY. Under shot quality may be listed such propoerties as (1) hurdnouss,
{2) impact fatigue strongth, (3) shape, (4) soundness, (5) size range, and () 1mnss,

Hardness. Residunl compressive stress can be induced by shot softer than the materinl
belug peened, but, generally, shot should be as hard as, or harder than, the work, 1 the
thot is too soft, it will lose its energy in deformation, and the induced stress in the
work will be too small to produce the desired compressive stress unless the velocity is
inerensed,

Impact Fatigue Strength. The rate of fracture of sound shot, used in poening, is
weasured by the impuet futigue strength,  The impact fatigue strength of connnereinl
chilled iron shot is low—hence the importance of good devices for sepurnting fractured
thaterial from whole shot,
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PEENING SPECIFICATIONS 20-49

Shape. The shape of the shot is important from the standpoint of uniformity of peen-
ing. However, it is not conunercinlly possible to obtuin only true spherieal shot,

Soundness, A considoruble porcentage of normal chilled-iron shot is hollow, This
usually fractures more readily than sound shot and is quickly eliminated when an ndequate
separator is used.

Size Range, The range of size of commercial Bereened shot has beon spocified by the
Society of Automotive linginoers,

Mass. Shot for peening purposes may be made from material other than chilled iron
or steel.  For example, aluminum may be peened with glass shot, granules of plastic mate-
rial, or walnut shell granules. These alternnte materials avoid electrolytic corrosion,
especially in mugnesium, and the walnut shell and plastic granules also avoid abrasive
contamination. The softer peening materials are not capable of inducing residual stress
in steel; heice the stundard peening intensity strip ecannot be used to measure peening
intensity. Aluminum or other soft metul strips, not yet standardized, will serve, however,

It is not possible to generalize with regnrd to peening intensity specificetions becnuse
of the wide variety of machine parts made from many kinds of metals variously loaded and
heat treated. As in specifying heat treatments, each case presents problems peculinr to
itself. It will perhaps be helpful to indicate peening intensity specificutions that have
been reusonably successful when applied to typical machine parts, Such data are pre-
sented in Table 2.





