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A process of compression stressing shot pellets to in- 
creme the fatigue strength or  resistance thereof to brit- 
tlc fractures by impact of  the pellets during shot peen- 
ing snd cleaning operations wherein the elastic radial 
tcnsilc stress at thc surface of the pellets is maintained at 
a safe low value during initial compression stressing and 
preparation for and pcrformancc of peening and clean- 
ing opcrations. The process entails subjecting the pellets 
initially to compression stresws of  sullicicntly low value 
to avoid the spontaneous formation of superficial or  
surface cracks in pcllets formed of notch scnwtivc matc- 
rial and then subjecting the pellets to strrsws normal in 
shot peening and cleaning operations. ?he compression 
streses occurring at the surf'~cc of the pellets In the 
initla1 step of thc process rninlnlilc tllc likcl~hotxl of 
formation of rurface cracks in the pcllcts when subsc- 
qucritly subjected to the greater tnlpact forces to which 
the pellets are subject durlng pcmtng ar~d clraning op- 
criltronc, thus ~rlcrcasing the llfc of the pcllcts. 

7 Claims, 1 Drawing Figure 
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shot pellets, whrch are cc>nimor~ly formed of cast stecl, Icts by choice of conditions of cornpression strcsslng 1 
to employ pellets whose hardness does not  exceed 45 thcrcof In orie or rnorc stages to obtarri clistribut~on of 
Rc(fi:tx.kwcll) 65 rc\itl\rnl strrssc\ 111 tlic rnctnl not hcrrtoforc attarricd in 

I h a v e  found that i t  IS possible to obtaln a galn In the preparatron of or  in  the use of metal shot pcllets. 
fatigue strength of shot p c l l c t ~  of a hardne\r exceeding A furthcr objccl of the invcntiora ir lo provide a prb- 1 
45 Kc, as those In the range f rom 50 to 62 Rc, by com- cess for treating shot pellets under prcdcterrn~ncd con-  



* 
ditions of impsct which will produce a distribution of imply that the radial tensile stress docs not Increase after 
residual stresses for substantially greater reduction of the instent of first yield. In view of the l ~ s t  named fac- 
maximum tcn~ile stress. tors, the initial stngc in thc pr~c t ice  of my method 

A further object L? to provide a process of comprcs- mhould be such that plastic flow of the meal  begins 
sion stressing metal shot in one or  more stages under 3 hefore the radial tensile stress becomm excessive, i.e. i t  
conditions which will cause a maximum plastic flow of 
the metal thereof to occur at a depth which wii1 pro- 
duce an advantageous distribution of residual stresses to 
increase the fatigue strength thereof. 

A further object is to provide a process of compres- 
sion stressing metal shot in one or  more stages which 
will produce a favo;able distribution of rcsidunl strcs.wa 
in the metal thereof without the occurrence of damage 
to the surface in the form of cracks in the metal. 

A further object is to provide a process wherein rc- 
pealed inipact of shot pellets upon a hard target at a 
selected low value occurs for a suficicnt number of 
times to produce a compressive stress of shallow depth 
on  substantially the entire surface of each pellet. 

A further object is to provide a method of compres- 
sion stressing metal shot of high hardness and notch 
sensitivity so as to reduce the effect of the notch scnsi- 
tivity thereof and to prolong the use of  the shot in shot 
pecning and cleaning operations. 

Other objects wdl k apparent from the following 
specification. 

In the drawing: 
FIG. 1 illustrates apparatus which may be used in thc 

first step of my method of treating shot pellets. 

occun  at a sufficiently shallow depth to produce a 
residual compressive stress at the surface of the work or  
the shot pellet. T h e  residual compressive strcss at the 
surfacc need not be of high magnitude or of great depth 

0 compared to  that which occurs in the final shot peened 
product or in shot pellets which have been used irr m y  
nlethtd; and, cotlscqucntly, thc initid stage cart be ac- 
complished at a low shot velocity, such as a velocity in 
the range of  24 feet per second to 30 feet per second. 

5 This low velocity initisl staRe of irnpnct serves to pro- 
tcct the surface of the shot pellcts against cracks. 

The initinl stage of  the process in which the shot 
pellets nrc subjected to inipact substnntially less severe 
than that experienced by the shot pellets in the service 

20 of peening and cleaning is continued until a compressive 
stress is applied upon substantially all of the surface of 
each of the shot pellets. The  method can he applied in 
thc trcatmcnt of shot pcllets of n hardness s~~bstantially 
greater t h n  thc p c . 1 I c . l ~  norr~lnlly c~ r lp loyd ,  that is, 

25 greater than 45 Rc; for cxarnplc, of a hardl~ess of up to 
62 Nc, despite the fact that i t  has hecn known by shot 
manufacturers and users that shot pellets of such hard- 
ness normally have a life in peening operations substan- 
tially shorter than the life of shot pellets with the corn- 

DESCRIPTION OF Tl!E PPK1:FERRED 
30 mnnly uwd hardr~css in thc ordcr of 45 R c  111 other 

EM I3OL)I MENT 
w~)rtls, clcsptc tllc 1;rc.t th:lt tile ptrysi~.al propcrt~cs, such 
a$ yield strcngth and ultimate strength of shot pellets of 

This method cntails the control of conditions of pro- haidncss grentcr than 45 Rc arc much highcr'tllan the 
cessirig shot pellets to ensure that the elastic radial ten- physical properties of shot pellets of a hardness of 45 
sile stress of the shot pellets is at o safe low value at the 3 5  Kc, the riormnl life of slrch shot pellets of high hardness 
time when subsurface yicld incident to cornprcssion is shorter than the life of shot pcllets of a usual hardness 
stressing occurs during normal peening and cleaning of 45 Rc. 
operations. In the initial stage of my process shot pellets are 

In one embodiment of the process two or  more condi- accelerated by any conventional means and directed 
tions affecting the shot pellets are involved or practiced. 40 against a hard target. The accelerating means may be a 
Thus an initial stage or  step in the process entails sub- centrifugal wheel, a compressed air nozzle, or even 
jecting the shot pellets to impacts at a velocity low gravity in free fall. Processing in the initial stage utiliz- 
enough t o  avoid fornlation of superficial o r  surface ing acceleration of the pcllets by free fall is illustrated in 
cracks during the operation. This is particularly impor- thc drawing. 
tant when dealing with shot pellets of high strength 45  The apparatus illustrated in the drawing entails the 
steel. I have found that the occuirence of surface cracks use of a lower hopper' 10 containirig shot pcllets to be 
in shot pellets during a peening operation is the result of processed. Within the hopper 10 is mountcd the lower 
the elastic radial tensile stress due to impact. This tensile end of a conveyor or  elevator whic11 may include a 
stress is primarily dependent upon the velocity of the lower rollcr, pullcy or  sprocket 12 journsled i r ~  the 
shot and is substantially independent of the size of the 50 hoppcr. An uppcr pulley, roller or  sprocket 14 is jour- 
shot as long as the action.of impact is entirely elastic. As nalcd at a selected clevntion atu)ve hoppcr 10. The 
soon as subsurface shear strcss exceeds the yield conveyor may include a bclt or  chain 16 trained around 
strength of the metal in the shot pcllets, plastic flow the pullcys or  sprockets 12 and 14 and carrying or 
begins at the point of excess and spreads gradually. The  mounting a pluralityaof cups or receptacles 18 substan- 
spread of the plastic flow is predominantly toward a 5 5  tially uniforrrily spaced along its Icngth. Suit~tble drive 
greater depth, but to some extent occurs also toward the means (not shown) are providctl for driving one or"both 
surface. The  subsurface shear stress occurs directly of the pullcys or  sprockets 12,  14 and the belt or chnin 
below the center o f  contact of thc shot pellet on a work 16 so that the upwardly moving flight thereof has the 
piece or  a target, and cracks are not likely to occur at cups or containers I8  thereon so positioned as to carry 
that point because of the three dimensional support of  60 shot pellets scooped f ron~  the lower hopper upwardly 
the solid material around the center of contact, even lo and around the uppcr pulley or sprocket 14. A stor- 
though at the instant of first yield, the magnitude of the age hoppcr 20 is positioned alongside thc conveyor in 
contact compressive stress at the center point is greater s~lch a position ttiat st101 pellcts which are d~sctinrgcd 
than thc suhsurface shear stress. At the same instant the from the cups 18 as they pass nround thct upper ptrlley or 
radial tensile strcss which occurs 31 the cdge or rnargin 65 sprockct 14 are discharged into the tioppcr 20. The  
of contact, even though much smaller than the subsur- upper or  storage tioppcr has a tfischargc nutlet 22 p i -  
face shear stress, may occur at an exposed surface at tioned at selccted clevatio~i ntx)vt: the lower hopper, 
which cracks may occur. This, of course, does not and, in particular, in a selecrcd spaced relalion, such as 



5 
14 feet, above R t a r ~ e t  n ien~bcr  24 carried by the lower 
hoppcr 10, which targct 14 is Iocatcd for inipact o f  shot 
pcllc~s d~schargcd through the outlet 22 of the uppcr 
t iop f r r  20. 'I Iw ti11 gct rnclntwr is sr~h~ta~tti :rl ly h o ~  I I O I I -  

tally positioned and is of a material of o hardness prcfcr- 
ably equal t o  o r  greater than the hardness of the shot 
pellets. It will be seen that the spacing between the 
outlet 22 of the uppcr hoppcr 20 and the targct 2.4 will 
determitic the inipact of the shot pellets as they strike 
the target 24. This impact, when that spacing is in the 
order of 14 feet, is substantially less than the normal 
s p e d  of impact of the shot pellets against R work piece 
durina nortrial shot pecrring and clcnnirrg operations. i t  
will be apparcrit that when the conveyor of the device 
illustrated operates, a continuous cyclc occurs during 
which shot pellets are  repeatedly subjected to impact 
with the target 24, and that after a short period ofopera- 
tion'each o f  the pellets will have been impacted ngainst 
thc target member a number of times so  that all or  a 
subst;lntial portion of thc st~rfircc of cnc-h pcllct will 
have been subjcctrd to  impacts to provldc a substan- 
tially uniform compressive stress throughout the sur- 
face of ei1ct1 prllct. 

T h e  apparatus may be provide? with means for add- 
ing, at a selectcd rate, new o r  unproccsscd shot pellets 
to  the supply of shot pellets already in circulation. Such 
means are illustratcd in the nature of a hoppcr 26 for the 
shot lo be processed. Hopper  26 has an outlet o r  guide 
28 positioned to discharge shot pellcts into the lowcr 
hopper, as at part 30, under control of means 32. to  
regulatc the rate of such diwtinrgc. Such tcgul ; r t i~~g 
rricnris 32 may cot~st i tu tc  a drivcri roller with rac1i:llly 
projecting vanes o r  paddles for advancing shot pcllets 
from the container 26 to  the discharge 28, the rate of 
discharge being controlled by the rate of speed at which 
the part 32 functions. 

T h e  device is completed by an overflow pipe 34 
carried by and projecting to  a selected level within the 
upper hoppcr 20 and directcd t o  discharge into a bin o r  
other container 36 the initially processed shot pellets. 
Both ends of the tube 34 are  open, and the upper end 
thereof is positioned at a level in the uppcr hopper 20 
spaced bclow thc. point of discharge of shot pellets into 
the hopper 20 from the conveyor  16. 

It will he apparent that, after an initial period of opcr- 
ation of the conveyor  sufficient to  cause treatment and 
impacting of a substantial portion of the surface of each 
s l~o t  pellct by impact with the target 24, the device 32 
may be nctuatcd t o  start supply of additional shot pellets 
from the container 26 into the  lower hopper 10 nt a 
selected rate, wlierchy t\lc nurllhcr of shot pcllrts uxhich 
are In circulation in the appnratus is proprcssivcly in- 
creased. When the  level of t l ~ c   hot pellets in the upper 
hoppcr 20 around eontlt~it  34 is higher than the uppcr 
open end of the conduit 34, shot pellets will overflow 
through conduit 34 for discharge into the receptacle 36, 
thus gradually withdrawling the initially processed shot 
pellets. After a selected period of time the operation o f  
the device may be stopped and substantially all of the 
pellets remaining in the apparatus will have been ini- 
tially processed to substantially uniformly compres- 
sively stress the surface of all pellets. 

While the apparatus illustratctl in FIG. 1 may be 
crnplo)wj for the initial processing of the pellets to 
prepare them for use in shot peening a ~ l d  cleaning oper- 
ations. any othcr ;Ippar;lttrs w ~ l l  tx fourlcf suit;lblc or  
convc.nierit nod may be utilized for that purpose i f  i t  
includes mcans to  control the specd at which shot pel- 

6 
lcts are  dischnrgcd or  irnpsctcd nuninst a target and tliat 
operation thcrcof corit~nucs until su\)stantinlly all o f  the 
surface of C R C ~  pcllct 1111s hcrn initiully c o m p r c s w j ,  

'I'hc rnriKc of vnrint~ori in ttlc ptactice o f  irlitinl pro- 
cessing nccording to my  method is great bccause o f  the 
wide variety of mnterials, dimensions and apparatus 
used thcrein; and, consequently, it is impossible to enu- 
merate every varintion. 

Thc sccond stcp o f  the method entails impacting of 
shot pellets against a hard targct at  greater speed, such 
as that usual in normal shot peening o r  cleaning opera- 
tions. Exarnplcs irldicnting the range of shot size and 
vrlocity usctl in the second stcp as npplicd to  different 
typcs o f  work picces are  given bclow. I t  should be 
u rdc r s to td  thnl c;tch cxnmplc given rcprcsents a r ~ . i g e  
of choice of conditions rather than a range for a particu- 
lar application. I t  is good peening practice, whcre  p s s i -  
ble, to control the shot size and velocity to a reasonably 
uniform value; that is, to use one standard shot size at a 
sth\tantially constant vrlocity in a ~ i v e n  pccning opera- 
tion. 

IXAItf1'1,E 1 

Steel leaf spring 1/16 inch thick, of a hardness in the 
range from 45 T c  to 62 Kc. T h c  scrvice required of the 
spring is t o  sustain an applied stress cycle  entailing 
bcnding from zero to maximum tensilc stress, and a long 
useful life u r~der  such conditions. Dy my method, a 
single stagc of shot pccr~ing using substar\tialIy spherical 
stlot of hardness of 55 to Kc in the si7c range from 
S-1 I 0  (O.0l l i l icl~ cli;ln~ctcr) to  S-280 (0.018 in(-h tl~nrrle- 
ter) irnpnctlng the work piece a1 a vclocity of from 24 to 
30 feet per sccond with substantially full coverage of 
the work will sufiice. I have found that cracks are  not 
likcly t o  occur  in the surface of such components a ~ ~ d  
that the  dcpth of residual compressive stress obtained 
by such processing is adcquate for this thickness of the 
work  piece. 

EXAMPLE 2 

Steel leaf spring Q inch thick of hardrless in the  range 
from 50 to 62 Rc.  Tlic service required of thc spring is 
to  sustairr art ;~pplicd strcss cyclc trr~tailing bending from 
zero t o  niaximum tensile stress. I first subject the piece 
to  peerling using shot of hardness of 55 to  60 Rc in the 
size range from S-1 10 (0.01 1 inch diameter) t o  S-230 
(0.023 inch dianieter) impacting the  work at a velocity 
in the range of 24 to 30 feet per sccond, to secure sub- 
stantially full coverai:c of the. work piece. The work 
piecc is t h e ~ l  sut~jected in n sccoodixxmluu stage using 
shot o f  t l ~ c  S ; I I I I C  S I I C  an(I I I ; I I ( ~ I I C S S  Iillli:C I I \ C [ ~  in t h ~  first 
stage impacting thc work at a velocity in the range from 
233  t o  90 fcet pcr sccond, with t t ~ c  srnallest shot inpact- 
ing at n velo?ity highrr in t h ~ t  rnrigc and largcr shot 
i n ~ p c t i n g  at a lower v c l t ~ i r y  in that rarlge. I'ractice of 
this en?m~plc o f  thc ~ r ~ e t h o d  eliminates .likelihood of 
surface cracks nnd prociuces a dcpth  of residual com- 
prcssive stress adcquate for the thickness of the compo- 
nent. 

EXAMPLE 3 

A stccl Icaf spring of a t l~ickness of f inch and a hard- 
ness in  tlic r;lril:c frorr~ 5 0  to 62 K c  which in scrvicc 
requrrcg a long 11Sc when sut~jected to  arl applied stress 
cycle cr~tniling bending fro111 z.ero to  rnaxirnum tcnsile 
strcs5. ?'tlis c.orripor~rnt is first s u t ~ ~ c c l c t l  t o  shot pcenirig 
using shot of I~ardness of 55 to  fJ0 RC in the: size range 
frorn S-1 10 (0.01 1 inch diarncter) t o  S-330 (0.033 inch 



dlarneter) projected ngninst the component at e velocity 
in the rangc from 24 to 30 feet per second to secure 
substantially full coverage of the component. The com- 
poncnt is then subjected to shot peening usinp, shot of 
Iritrctrrctt Irorrl 5 5  to 60 H c  111 thc S I J C  rtli1xr fro111 S-I I 0  
to S-330 projectcd against the cornporient at velocities 
in the range from 233 fect per second lo 90 fcet pcr 
second, with the velocity inversely related to the size of 
the shot used. Pccning continues until full covcragc of 
the component occurs. 

EXAMPLE 4 

A conlponcnt of 1 inch thickness and a hnrdrless of 50 
to 62 Kc is first subjected to shot pcening using shot of 
a hardness of 55 to 60 Kc in the size range from S-110 
(0.01 1 inch diarnctcr) to S-460 (0.046 inch dian~eter) 
projected against the work piece at a velocity in the 
rangc from. 24 to 30 fect per second to secure substan- 
tially full coverage of the work. The work piece is thcn 
subjected to shot peening using shot of hardness from 55 
to 60 Rc in thc size range from S-230 to S-460 projected 
against the work at a velocity in the range from 233 feet 
per second to 90 feet per second, with the vefocity 
inversely related to the size of the shot used. Peening 
continues until full coverage of the surface of the work 
occurs. 

EXAMPLE 5 

A metal component o f  1 inch thickncss and of n hard- 
ricsli of 5 0  1 0  62 Kc is sut)jt*ctcd to il first st;lgc of  pccnirig 
with s!wt of hardncss from 55 to 62 Kc in the s i x  range 
from S-1 10 to S-Ofd (0.Ohb inch 0iarnctc.r) at a vcltwity 
of 24 to 30 fcet per secor~d to secure substarltially ful l  
coverage of the surface of \he work piece. The work 
piece is thcn subjected to a sccond stagc using shot of 
the same hardness and of a size i r i  the range from S-460 
to S-660 projected against the work picce at a velocity 
in the range from 233 fcet per sccond to 90 feet per 
second until the entire surfacc of the work has been 
peened. Thc velocity of the shot is inversely propor- 
tioriltl to the size of the shot used. 

With regard to Example No. 5, the use of  shot size of 
S-660 and the velocity of 233 feet per sccond are in the 
low rarlge arid higher vclocity arid largcr shol size can 
bc used, but limitations in currently available equipment 
dictate the shot size and velocity indicated. If equip- 
ment becomes commercially available to handle larger 
shot sizes at higher velocities than indicated, the range 
o f  shot sizc and velocity obtainrtblc with such cquip- 
ment could be dctermined readily by simple tests. Also, 
with respect to thc proccss of Example No. 5, since the 
likelihood o f  occurrence of cracks on the surface of the 
work is influenced by the velocity of the shot, the same 
shot could he used in both stages of the process sut)ject 
to the disadvantage that the use of  large shot, such as 
S-660, at thc low vclocify of ttic first S t i i R C  niny rcquire 
an extremely long exposure time in the lrrst stage. 

I n  considering the foregoing examples, i t  will be un- 
derstood that they are illustrative and not limiting, and 
that they are effective in treating work pieces which 
may be subjected to all types of stresses, including com- 
plete reversal, as between tcnsilc stress and con~pressive 
stress. Also, i t  will be understood that the velocity re- 
ferred to in the examples relates to the velocity of shot 
projected in a direction substarltinlly at right angles to 
the surface of the work piece. This does not rnean that 
the shot peening must 1x accomplished with right angle 
impact, but rather that, at a smaller angle of impact, the 
force of impact is reduced, and suitable compensation 
for such seduction must be mads. 

8 
?lie present mcthod for the first time makes i t  po~si-  

ble to utilize materials of  high strength and hardness 
conimonly referred lo as "brittle matcrinls" AS work 
piccrs, and also to rlw shot pcllcts of mnterinls of hilr,hcr 

j slrc.rrjith a rd  tinrtli~css t l ~ n r l  I~crc t~~l 'o rc  ~silt)lc. I t  will 1.c 
noted that the vc l tx i~y  of the shot pellets u x d  in the 
first stage of the process is lower thiia tlic velocities 
used i n  the second stage of the process, and lower than 
is conventionally used ii l  binst clca~litlg and shot pccn- 
illg. A1.w. i t  will be noted that in the first stage of the 
multi-stage processes the shot vclocity rathcr t l~an the 
shot size is the predonlinant factor in preventing cracks 
in the shot pellcts. 

While the prcferrctl procedures in the practice of  the 
I 5  n~cthod have bccrl intlic:ltcd, i t  will he uridcrst(xd that 

thc invention is not limited to thc examples givcn, but, 
rathcr, falls within the scope of the appcndcd claims. 

What I claim is: 
1. I n  a prcxcss of cornpression stressing shot pellets 

for usc in shot peening and cleaning operations, the step 
20 of imparting residual compressive stresses to substan- 

tially the entire surface of each pellet before use thereof 
in a peening or  cleaning operation, said stresses being 
imparted to said pellets by impact of a value less than 
that to which the pcllcts are subjectcd in peening and 

25 cleaning operations and so related to the hardncss and 
notch sensitivity of thc metal of the pcllets as to stress 
ttic surfaccs of thc pcllcts without creating cracks in the 
surfaccs of the pcllcts arid to prc>c!rlcc r cli~lri\,ution of  
rcsidu;d stresses in thc ~xl lc t s  fnvorable to Irrcrcnw of  

30 fntiguc strcngt h tliercof. 
2. 'l'hc nlcttrotl ticfinc*d in claitli 1, wherein thc sllot 

~x l l c t s  are inlpactcd against a ~nenibcr of at Icilst sub- 
stantially equal hardness at a velocity in the ordcr of 24 
fect per second to 30 fcet per second. 

35 3. The mcthod dcfiricd in claim 1, wherein the shot 
pcllcts arc forrnc-tf of rnctal of hardcrlss ir l  tlic range of  
45 to 62 Kc and arc irnpnctcd against a member of sub- 
stantially similar Iiardiicss at a velocity in the order of  
24 feet per second to 30 fcet per second. 

qg 4. The rncthtxl tlcfintrd in clairn 1, and the additional 
step of further cornprcssion strcssing the surfaces of said 
initially stresscd pcllcts at ;in ir~tc-risily substmtially 
grt-ntcr than  ltlc intcr~sity of said iriitial strcsGng thcrcof 
and of a value to prcvcnt formation of cracks in the 

45 pellets. 
5. Thc method dcfirwd in claim 4, wherein the shot 

pellcts are of  a diarnctcr in thc range from 0.01 1 i n c h  
to 0.066 inches and are projected against a work piece i n  
the additional stcp at a velocity in the range from 233 
fect per sccond to 90 fcet per sccontl seleclcd in inverse 

j0 proportion to the diameter of the shot pcllets. 
6. The method of increasing the fatigue life of metal 

shot pellcts which cornpriscs c c ~ ~ n ~ r e s ~ i o n ~ ~ s u t ~ s t a ~ ~ l i a l l y  
Ihc cntire srtrf;lccs o f  said pc.llcts at rt low ii~tcrlsity in a 
f i ~  st step arltl r hc.rt.;;f'tc.r ~ I I I  I licr c,or~~~,rrs\iori strcs\i~ii; 

5 5  the surfaccs of said pcllcls 1r1 a second stcp at an inlcn- 
sity substantially grcatcr than thc intcr~sity of saifinitial 
stressing thcrcof, said first stcp conlprcssion stressing 
k i n g  of an intensity to prevcrit thc formation of cracks 
in the pcllcts during t l ~ e  first step and during higher 

60 intensity compression s~ressing in the sccond stcp. 
7. I'JK method defined i r ~  c1;iirri 6, whcrciri the first 

compression stressing of the pcllcts is of a nlnpniludt* lo 
prmlucc plastic flow at the surfaccs of lhc pcllcts sun?- 
cicnt to protect the sl~rfaces of the pcllcts ag:iirist occur- 

65 rence o f  cracks during the sccond cornprcssion strcsslng 
of the pellcts in which a grcatcr depth of compressive 
stress in thc pellcts is produced. 

* * * * *  


