
The Effects of Shot Size on the 

I N  THE SHOT PEENING of automotive p a r t s ,  i t  
i s  d e s i r a b l e  t o  o b t a i n  the  bes t  poss ib le  s t r e s s  
d i s t r i b u t i o n  fo r  a  p a r t i c u l a r  a p p l i c a t i o n  
without c r e a t i n g  an undesi rable  su r face  
cond i t ion  which would be d e l e t e r i o u s  t o  the  
l i f e  of the  p a r t .  I t  i s  the re fo re  important 
t o  understand the e f f e c t s  of the va r ious  sho t  
peening v a r i a b l e s ,  such a s  sho t  hardness ,  
sho t  s i z e ,  peening i n t e n s i t y  e t c . ,  on t h e  
r e s i d u a l  s t r e s s  d i s t r i b u t i o n  and how the  
s t r e s s  d i s t r i b u t i o n  r e l a t e s  t o  the  f a t i g u e  
s t r eng th  of the p a r t .  

This can be accomplished by i s o l a t i n g  
the  shot  peening v a r i a b l e s  and then determining 
the e f f e c t  of each v a r i a b l e  upon the  f a t i g u e  
s t r e n g t h  when the  pa r t  i s  subjected t o  va r ious  
types of loading.  

This i n v e s t i g a t i o n  was l imi ted  t o  ob ta in ing  
information on the  in f luence  of sho t  s i z e  
upon the r e s i d u a l  s t r e s s  and t o  ga in  an 
understanding of how t h i s  shot  peening v a r i a b l e  
a f f e c t s  t o r s i o n a l  f a t i g u e  s t r e n g t h .  

MATERIAL AND PROCEDURE 

As shown i n  Figure 1 ,  the  specimens 
examined were 0.61" t e s t  diameter f a t i g u e  b a r s  
f ab r i ca ted  from a  s i n g l e  hea t  of SAE 5160 
m a t e r i a l ,  machined, quenched and tempered t o  
50 R"C" and f in i shed  ground a s  a  s i n g l e  l o t .  
A l l  f a t igue  t e s t e d  specimens were sho t  peened, 
p res t re s sed  i n  t o r s i o n  t o  175 k s i  and then 
t e s t e d  i n  t o r s i o n  from ze ro  t o  maximum s t r e s s  
i n  the  d i r e c t i o n  of p r e s t r e s s i n g .  The sho t  
type and hardness a s  wel l  a s  the  method of 
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peening, the  sho t  peening machine and exposure 
time were the same f o r  a l l  samples. 
. A l l  x-ray d i f f r a c t i o n  measurements were 
made a t  the  minimum diameter of the  f a t i g u e  
ba r s .  A General E l e c t r i c  XRD-6 D i f f r a c t m e t e r  
was used with C r  k r a d i a t i o n ,  V f i l t e r  and 
a  p ropor t iona l  counter .  A 1 degree col l imated 
beam s l i t  was used which r e s u l t e d  i n  an 
exposed a rea  of about 118 i n .  square  on the  
curved su r face .  The t h r e e  point  parabola 
f i t t i n g  technique was used. 

The r e s i d u a l  s t r e s s  was measured on th ree  
samples from each of four  sho t  s i z e  groups. 
I t  was measured i n  th ree  d i r e c t i o n s  on each 
sample--the t a n g e n t i a l  d i r e c t i o n  and two 45 
degree d i r e c t i o n s .  These two 45 degree 
d i r e c t i o n s  were the  ones t h a t  received the  
maximum t e n s i l e  and compressive loading 
dur ing the  p r e s e t  opera t ion .  

RESULTS 

The r e s i d u a l  s t r e s s  r e s u l t s  on a  repre-  
s e n t a t i v e  sample from t h e  smal le s t  and l a r g e s t  
shot  s i z e  groups a r e  shown i n  Figures  2 and 
3.  Figure  2 shows the  r e s i d u a l  s t r e s s  a s  
a  func t ion  of depth  below the  su r face  of the  
specimen. The t h r e e  curves  r ep resen t  the  
s t r e s s e s  found i n  the  th ree  d i r e c t i o n s  on the 
sample. The d a t a  p lo t t ed  on the  lower curve 
was measured i n  the  45 degree  d i r e c t i o n  which 
received the  maximum t e n s i l e  loading dur ing 
t h e  p r e s e t  opera t ion .  The middle curve 
rep resen t s  the  t a n g e n t i a l  d i r e c t i o n  and the 
top  curve i s  a  p l o t  of the  r e s u l t s  i n  the  45 

ABSTRACT 

This r epor t  desc r ibes  the  in f luence  of sho t  s i z e .  The r e s u l t s  showed t h a t  the  
shot  s i z e  upon the  r e s i d u a l  s t r e s s  curves .  maximum compression i s  located inc reas ing ly  
I t  was found t h a t  these  curves  could be f u r t h e r  subsurface  and the  t o t a l  i n  depth 
represented by a  Gaussian type func t ion  which in f luence  of the  sho t  peening becomes g r e a t e r  
c l e a r l y  i l l u s t r a t e d  the  e f f e c t  of changing a s  the  sho t  s i z e  i s  inc reased .  
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Fig. 2 - Residual stress versus  
depth; single s ~ p l e ,  230 shot 
s i ze  , 

Fig. 3 - Residual stress versus  
depth; single sarhple, 660 shot 
s i ze  

degree d i r e c t i o n  which received the maximum dep th ,  we have only the  r e s i d u a l  s t r e s s e s  
compressive loading dur ing the p rese t  opera t ion .  r e s u l t i n g  from the p r e s e t  operation... 
This sample was shot  peened with a  we l l  It  was found when samples which had been 
conditioned opera t ing  mixture of CS 230 which shot  peened only were compared t o  those which 
was the smal les t  shot used. As can be seen,  had been both shot  peened and p res t ressed ,  
the shot peening in f luence  extends t o  about t h a t  t h e r e  was no s u b s t a n t i a l  d i f f e r e n c e  i n  
15 m i l s ,  o r  15 thousanths of an inch below the  r e s i d u a l  s t r e s s  curves  i n  the  d i r e c t i o n  
the su r face  of the specimen. Below t h i s  of the  maximum appl ied t e n s i l e  loading, u n t i l  



Fig. 4 - Residwl  stress versus  
depth 

a  depth below the su r face  was reached a t  
which the  s t r e s s  curve was not  influenced by 
t h e  shot  peening process.  

Also, a s  expected,  i t  was found t h a t  the  
t a n g e n t i a l  r e s i d u a l  s t r e s s  was one h a l f  the 
sum of the two 45 degree r e s i d u a l  s t r e s s e s .  
This r e s u l t  was, e s tab l i shed  with a  l i n e a r  
c o r r e l a t i o n  c o e f f i c i e n t  of 0.97, and holds 
throughout the  shot  peened--prestressed l ayer  
examined. 

Figure  3 i s  a l s o  a  p l o t  of the  r e s i d u a l  
s t r e s s  a s  a  funct ion of the depth below the  
su r face  of the  specimen. These th ree  curves 
again  represen t  the  three  d i r e c t i o n s  i n  which 
the  r e s i d u a l  s t r e s s  was measured. This bar 
was shot  peened with  a  we l l  conditioned 
operat ing mixture of CS 660 which was the  
l a r g e s t  sho t  s i z e  used. These curves have a  
shape s i m i l a r  t o  the  ones shown i n  Figure  3; 
however, he re  the  shot  peening inf luence 
extends much deeper-- to  about 30 m i l s ,  o r  
t h i r t y  thousanths of an inch below the su r face  
f o r  t h e  l a r g e r  shot  s i z e .  Because of t h i s  
d i f f e r e n c e  i n  the curves ,  i t  was decided t o  
e s t a b l i s h  some parameters which would desc r ibe  
these changes i n  the t o t a l  s t r e s s  curve.  

The r e s i d u a l  s t r e s s  r e s u l t s  on the th ree  
specimens from each of the  four  shot peening 
groups were averaged. I then es tab l i shed  a  
func t iona l  r e l a t i o n s h i p  between the  average 
r e s i d u a l  s t r e s s  f o r  a  group and the depth 
below the su r face .  This was done only f o r  
the  45 degree d i r e c t i o n  rece iv ing  maximum 
t e n s i l e  loading dur ing the p rese t  operat ion 
s ince  the  r e s i d u a l  s t r e s s  i n  t h i s  d i r e c t i o n  
i s  of g r e a t e s t  i n t e r e s t  i n  r e l a t i o n  t o  the  
l i f e  of the  specimen. It was found t h a t  
the  da ta  could be represented q u i t e  we l l  by 
an equat ion of the  form 

2 2 Y = A Exp - 2  - 5 )  IW{ +B 
Y = Residual S t r e s s  ( k s i  
X = Depth below the su r face  (mils) 

A+B = Maximum r e s i d u a l  s t r e s s  (ks i )  
B = Prese t  r e s i d u a l  s t r e s s  l e v e l  (ks i )  
W = A measure of the width of t h e  s t r e s s  

- curve (mils)  
X = Depth t o  maximum r e s i d u a l  s t r e s s  (mils) 

Ih_e values  of the  c o r r e l a t i o n  c o e f f i c i e n t s  , 
W and X f o r  the  four  groups a r e  l i s t e d  i n  the  
following t a b l e :  

Cor re la t ion  
Coef f i c ien t  W 2 - 

2 0.98 7T8 4 
3 0.99 14.9 7  

The c o r r e l a t i o n  c o e f f i c i e n t s  show t h a t  
i n  a l l  four  cases  the re  i s  a  very good f i t  
between the curve and the experimental  da ta .  

Figure 4 shows a  p l o t  of the  r e s i d u a l  
s t r e s s  a s  a  funct ion of depth f o r  both the 
smal les t  and l a r g e s t  shot  s i z e s .  Each da ta  
point  i s  an  average of t h r e e  specimens. Each 
curve i s  a  p lo t  of the  equat ion shown above 
with  appropr ia te  values  f o r  the  parameters 

and W. These ca lcu la ted  curves f i t  the  da ta  
po in t s  wi th  c o r r e l a t i o n  c o e f f i c i e n t s  of 0.98 
f o r  the  smal les t  shot s i z e  and 0.92 f o r  the  
l a r g e s t  shot s i z e .  The two graphs c l e a r l y  
show the r e s u l t i n g  d i f f e r e n c e s  which occur 
when - the  shot  s i z e  i s  changed. 

X ,  t he  depth t o  the  maximum compression, 
i s  p lo t t ed  i n  Figure 5 a s  a  funct ion of sho t  
s i z e .  This p l o t  shows t h a t  the  maximum 
compression i s  located inc reas ing ly  f u r t h e r  
subsurface a s  the  shot s i z e  i s  increased.  

I n  Figure 6  we see  a  p l o t  of W ,  the  width 
of the  s t r e s s  curve,  a s  a  funct ion of shot 
s i z e .  It  i s  s imi la r  t o  the  curve i n  Figure 5 
and shows t h a t  the  s t r e s s  curve becomes inc reas -  
ing ly  wider with inc reas ing  shot  s i z e .  Thus, 
not  only does the maximum s t r e s s  occur f u r t h e r  
subsurface a s  the  shot s i z e  i s  increased but 
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a l s o  the  t o t a l  i n  depth  in f luence  of the  shot  
peening becomes g r e a t e r .  

'Ihe l a s t  F igure ,  7 ,  i s  a  p l o t  of the  
average su r face  r e s i d u a l  s t r e s s  a s  a  func t ion  
of sho t  s i z e .  Again, each da ta  point  i s  the 
average of t h r e e  specimens per  group. Each 
l i n e  r ep resen t s  the  r e s u l t s  i n  the  th ree  d i r e c -  
t i o n s  i n  which the  r e s i d u a l  s t r e s s  was measured. 
A s  can be seen ,  the su r face  r e s i d u a l  s t r e s s e s  
r e s u l t i n g  from these  widly d i f f e r e n t  shot  s i z e s  
a r e  not g r e a t l y  d i f f e r e n t .  

DISCUSSION 

The informat ion gained i n  t h i s  s tudy can 
be appl ied t o  s p e c i f i c  s i t u a t i o n s .  For example, 
i f  a p a r t  r e c e i v e s  t o r s i o n a l  loading dur ing 
s e r v i c e  and i s  f r e e  of s u r f a c e  d e f e c t s  l i k e  

p i t s ,  laps  o r  seams, then i t  would be adv i sab le  
t o  use a  small  shot  s i z e .  This i s  t r u e  f o r  
two reasons.  F i r s t ,  under such cond i t ions  
the  f a i l u r e  o r i g i n  under t o r s i o n a l  loading i s  
a t  the  su r face  and the  su r face  r e s i d u a l  s i r e s s  
i s  s u b s t a n t i a l l y  independent of sho t  s i z e ,  and 
second, the l a rge r  shot  s i z e  would c r e a t e  an 
undesi rable  su r face  roughness which would be 
de t r imen ta l  t o  the l i f e  of the p a r t .  On the  
o the r  hand, i f  the  p a r t  tends t o  have severe  
su r face  d e f e c t s  p r i o r  t o  sho t  peening, such 
a s  seams and p i t s ,  then a  l a r g e r  shot  s i z e  
would be advisable  s i n c e  the  deeper s t r e s s  
p a t t e r n  would over r ide  the  s t r e s s  r i s e r  a f f e c t  
caused by these  d e f e c t s .  Our exper ience has  
ind ica ted  t h i s  would be of g r e a t e r  b e n e f i t  
than the d e l e t e r i o u s  e f f e c t  of increased su r face  
roughness r e s u l t i n g  from the l a rge r  sho t  s i z e .  


