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I have lang been enthusiastic about the importance of uniformity of shot 
s i ze  in. a peening operation, par t iaular ly f r m  the standpoint of remodng bioken 
shot from a peening machine as  quickly as possible. 

S m e  of the resul ts 'of  'our recent fatigue t e s t s  on shot peened specimns 
have indicated that wheatever ideas I nay have had with respect t o  the importance 
of uniformity i n  a b l a s t  6f shot were under emphasized, 

One of the most s t r ik ing  fat igue t e s t  comparisons i s  t ha t  in4irhich speci- 
mens were peened with ax$ without a high percentage of broken shot i n  the peening 
machine. This ser ies  of t e s t s  was run f o r  the purpose of s i m l a t i n g  the conditions 
which existed i n  a production peening machine. The production machine involved 
contained approxix&tsly 86% broken shot i n  the working material. 

The following fatigue t e s t s  were made on f l a t  specimens of 9260 s teel ,  
40-45 RC with a thickness of 1/4 in. and a vriath of 1 1/8 ic. in the region of . 

m a x i m  stress .  The t e s t s  were i n  simple bending, with a s t r e s s  range of sub- 
s t an t i a l ly  zero t o  a maximum of 137,000 psi. The surface of the specimens Was as- 
ro l led  on the side subjected t o  tension s t ress .  

One group of 10 fatigue specimens was peened t o  a very scant coverage as 
measured on a quantit iative basis. 

A second group of ten  specimens was peened ident ica l ly  t o  the f i r s t  group 
and was then peened under the saae 'conditions with respect t o  wheel speed and con- 
veyor speed, bht with a b las t  which consisted of broken shot t o  the same s ize  
analysis as tha t  found i n  the production &chine, S ime  the working shot i n  the 



production machine consisted of one part whole shot and f ive  parts broken- shot., the : - 
fatigue specimns which had been peened with whole s l o t s  were then peened with f ive  
times as nuoh broken shot. . 

The resu l t s  of these t e s t s  a re  shcnrm i n  Fig. 1, in which the. fatigue' l i f e  
of each specimen i s  shown, The f i r s t  group of specimens shown on the ex t rem l e f t ,  
represents non-peened specimens. The next group t o  the r ight  represents those speci-4 
nens peened with whole shot only, and the th i rd  group represents those specimns 
peened who'le and broken shot. Note t h a t  the fatigue l i f e  i s  pract ical ly  un-. 
changed by..the addition of the b las t  with broken shot, despite the f a c t  t h a t  the 
blast  of broken shot had increased the arc height from ,011 A-2 t o  .014 A-2 an8 had 
iiicreased the cowrage from only 3% t o  well  over lo%., 1 

This work tvas done a f t e r  an extensive se r i e s  of t e s t s  had indicated tha t  
under similar conditions,'with respect t o  bias* uniformity, the fatigue l i f e  
increases with increasing arc height up t o  .014 A-2 or greator. It had a lso  been 
shown, previous t o  these t e s t s ,  t ha t  under t h ~  same-dsnditions w i t h  r e s p c t  t o  b l a s t  

, 
uniformity, increased coverage resulted i n  increasei6i5?i?e up t o  100%. 

- 
Another group of specinens was  then pee~O"O"a i t~~%hole  shot' to  an arc height 

of .014 A-2 and 98% coverage, Note that the a r o  height and coverage i n  the l a s t  
mentioned group are the same ELS those obtained with the  mixture of whole and broken 
shot. The r e su l t s  of t h i s  group are  plotted i , a t  the extrene right.  Ejote 
tha t  i n  th i s  case, the fat igue l i f e  is  def in i t  irr' than t h a t  of the group 
peened with whole and broker, shot even tho.ggh~th&~"3ik i$+ and coverage are  the - --J*%pq, . \ \ ,  sane . L, .Pr.- , ,\+ :-- 

'%, 

Referring again t o  groups 2 -d 3 i n  Fig< 1, it i s  apparent t h a t  the 
broken shot adds 2othing t o  tc:e fatigue l i f e  which IY& obtained with a re la t ive ly  
small quantity of whole shot. - - .-&Y . 

C * 

F or exmple , assuae tha t  the production ' peeniirg tnachiae c cot aining five 
parts of broken shot and one part  vrhole shot, 'is operated with a flaw r a t e  of 300 l b  
per xLn t o  the wheel. Now assune tha t  the broken shot i s  renutred . ~ d s  the machine 
and that  the f lov  r a t e  t o  the  wheel i s  decreased so  &at the am&i;,:of yhu* shot 
flowing through the wheel. i s  the same as it was vrittr' tho nixture; b l f  .@em-condf--- 
t ions being the same. This viould mean t h a t  the flavsrate would be -cmw%xfS of 300 
l b  per IXLI or 50 lb per nin. . 

Under these conditions, the part s  passsng through the machi&? would 
represent an idea l  case f o r  reject ion because of  the f a c t  ' that the  coverage i s  only 
3% and the arc height i s  less  than 8% of the s p c i f i e 3  requirements, But i n  
actual  f a c t ,  those parts are just  as good as those which vmre.pecned with the  nix- 
two,  i n  sp i t e  of the vast  differences i n  cornrage and w c  height. It requires very 

+. lit klc imagination t o  rea l ize  the difference i n  cost 'cotveer, f lavring 50 l b  per min 
of *hole shot versus 300 lb per nin of ~ i~hole  and broken shot through t h e  vrhoelr 

I believc tha t  these resu l t s  s'hm rather  'conclusively that  broken shot i~ 
a pconing machine i s  of u t t e r l y  no la lue -relat ive t o  the. whole shot, - even though w* 
c c a t  of the operation tvith a large proportion of broken shot i s  decidedly higher. * 

This does not imply tha t  g r i t  or broken shot of i t s o l f  cannot be uasJ- t o  
incaease fatigue l i f e .  Increased fatigue l i f e .  can be obtained by blasting wi* g&~, 
: 'or oken shot. It does imply, ho~nver ,  t h a t  the' broken shot i s  t o t a l l y  inef fectZ$5. 

> 

L-clative t o  the full-sized shot by v i r tue  of i t s  reduced weight. In other words 
the e f fec t  of broken shot i s  def in i te ly  not additive-'to the e f fec t  of whole shot i n  
i t s  re la t ion  t o  increased fat igue l i fe .  



The data c i ted  m e  bcl ie l .d  suff ic ient  t o  demonstrate the f u t i l i t y  of 
expecting my additional increase io fatigue l i f e  from broken shot i n  re la t ion  t o  
tha t  obtained with f u l l  s ize  shot. Hmever, I have pointed out anly what  I have 
considercd suff ic ient  data t o  jus t i fy  t h i s  conclusion. Actually we have considerably 
more data  t o  support t h i s  conclusion, but i n  the in te res t  of brevity, I have not 
included other t e s t  r e su l t s ,  

Wor tuna te ly ,  the irJluence of these factors  on fatigue l i f e  and cost 
cmlr,ot be recognized without rr cmprehensive ser ies  of fatigue tes t s .  It i s  a 
foregone conclusion tha t  the end goal of shot peening i s  increased fat igue l i f e  a t  
h - i r  cost. Xo m t t c r  haw e f f e c t i w  peening m y  be i n  increasing fatigue l i f e ,  it 
w i l l  not be generally accepted unless the  cost of the operation i s  suff ioient ly 1 0 ~ 7  

that  it w i l l  more than pay i t s  own way. 

I am more confident now than I ever was tha t  peening can far more than pay 
i t s  ~m 'ray, provided the requirements of low cost are recognized. To my knowledge, 
the largest  s ingle  fac tor  cont ro l l i~ lg  the ultimate costs of peening i s  uniformity of 
thc intensi ty  of the blast .  

In the analysis of what consti tutes the intensi ty  of the b las t ,  there are 
three major elements involved: 

1 - Velocity of the  shot. This does not repres& a serious pro5len 
f rm the standpoint of unifornity. It i s  unlikely that  i n  a 
peenizg operation the shot velocity, i n  a given blast ,  would be 
subject t o  much morc thcn 1% variation. 

2 - Hardness of the shot. Unifornity i n  t h i s  case is  not a serious 
problem. If the shot i s  harder than the work, then any variation 
i n  shot hardness would have no morc than a s l igh t  influence, i f  
any, on the resu l t s ;  i r "  the  e l a s t i c  l ixit  i s  not exceeded i n  
peening, it nzkcs l i t t l e  difference how newly  the e l a s t i c  l i m i t  
i s  approached. 

3 - Size and m i g h t  of the individual particle,  Uniformity i n  t h i s  case, 
appears t o  be thc greatest  problem of the three. Actually, the  
~ r e s c n t  specificztions f o r  peening shot allam a ~ i a t i o n  i n  size of 
a h o s t  2%. This does not include the rrl10v:nnce for  oversized 2nd 
vndersizcd shot re la t ive  t o  the nominal size. 

For equivalent fat igue l i f e ,  peening witn whole shot of uniform s ize  i s  
unquestionably sore econonical than peening with shot having a vride xmge of size,  
As mentioned , t h i s  i s   lot a1r:cys easy t o  de~lonstrcte v:ithout cmprehensive fatigue 
test ing,  but i n  cases vhere such t e s t s  ccn be nade, the r e su l t  i s  always the same. 

To s t ab i l i ze  a pen ing  machine, ( to  obtain a high percenta e of whole shot B i n  continuous operztior-) , it i s  Eeccssary t o  rer~ove the broken shot continuously. 
I f ,  i n  replacing th broken shot, the new shot which i s  addcd has a wide range of 
size,  then in renoeng broken shot, the s m l l e r  s izc of the new shot w i l l  be removed 
f ro2  t h e  machine without actual ly  having been used i n  the peening operation. 

Approaching the problem f ron  another standpoint, assme tha t  a shot i s  
broken i n  half. The weight of each broken part ic le  v r i l l  then be half of that  of the 
original pellet .  This half  ~ iould  be equivalent i n  weight t o  a whole pe l le t  whose 
cliazcter i s  the cube root of .5, or approximately 8@ of the diameter of the original 
pel le t .  Therefore, it f o l l m s  tha t  wholc shot, whose dianeter i s  less  than 8% of 
+hat of the large p l l e t s ,  vrould be equimlent  t o  broken shot and, would be of no 



value r e l a t ive  t o  the larger  size,  

O n  t h i s  basis, it appears tha t  f o r  peening, the range of shot size should 
be as close as  pract ical  t o  o. rdnge-of Prom 10% t o  8%. It i s  interest ing t o  note 
t h a t  t h i s  tolerance i s  quite cldse t o  the present SAE specifications f o r  peening shot. 

I do vmnt t o  mnke myself c lear  t h a t  the above considerntiom m e  based on 
the assumption that  the peening w h i n e  i s  t o  be operated in  a s tabi l ized condition. 
If t h i s  i s  not the oase, then my attempt t o  r e s t r i c t  the shot s ize  would be obvious- 
l y  t o  no amiil. But a s  time goes on it becomes more and more apparent tha t  broken 
shat i n  a -peening naohine w i l l  be tolerated l e s s  and less  because of i t s  uselessness 
i 2 I ~ t i p . e  t o  the whole shot. In a l l  of the fat igue t e s t s  which m have run, as well  
I.5 the r e su l t s  of other tests whioh how been reported in the l i te ra ture ,  we have 
found no evidence of any conf l ic t  whatsoever tha t  uniformity of the b las t  i s  of ut- 
nos t importance, 

Since uniformity of shot s ize appears t o  6e such a v i t a l  f ac to r  i n  b la s t  
uniformity. I believe tha t  every of for t  should be made t o  obtain peening shot with 
the minimum practicable var iat ion i n  size. 



Nonpeened 

ARC HEIGHT. ... O I  I A 2  

COVERAGE. .... . 3 0 %  

PEENED WITH ... Shot 

.014A2 

l o o %  

Shot 6 Grit 

014A2  

98% 

Shot 




