
ABSTRACT 

The c o n t r o l l e d  s h o t  p e e n i n g  p r o c e s s  i s  
by no means new t o  t h e  a u t o m o t i v e  i n d u s t r y .  
T h i s  p r o c e s s  i s  r o u t i n e l y  used  on many 
m e c h a n i c a l  components t o  i n c r e a s e  f a t i g u e  
l i f e .  I n  o t h e r  c a s e s ,  s h o t  p e e n i n g  i s  used  
s e l e c t i v e l y  t o  overcome unexpec ted  s e r v i c e  
f a i l u r e s  o r  t o  a l l o w  t h e  u s e  o f  e x i s t i n g  
d e s i g n s  i.n i l igher  s t r e s s  a p p l i c a t i o n s .  Some 
of t h e  more common a p p l i c a t i o n s  of t h e  s h o t  
peen ing  p r o c e s s  a r e  e n g i n e  v a l v e  s p r i n g s ,  
suspensi.on s p r i n g s ,  c r a n k s h a f t s ,  c o n n e c t i n g  
r o d s ,  and v a r i o u s  t r a n s m i s s i o n  components .  
Piucll d a t a  have been g a t h e r e d  on t h e s e  and 
o t h e r  components whi.ch i n d i c a t e  t h e  s i g n i f i -  
c a n t  i n c r e a s e  i n  f a t i g u e  s t r e n g t h  t h a t  c a n  b e  
r e a l i z e d  a s  a resu1.t o f  t h i s  c o l d  work ing  
p r o c e s s .  S e v e r a l  examples o f  t h e s e  improve- 
ments  w i l ~ l  b e  d i s c u s s e d ,  t o g e t h e r  w i t h  
s u p p o r t i n g  S-N c u r v e s .  A l s o  d i s c u s s e d  w i l l  
b e  t h e  u s e  of  new g e n e r a t i o n  s h o t  p e e n i n g  
rqitiprnent employing m i c r o p r o c e s s o r  c o n t r o l  
and cor r t~ inuous  moni.tori11g of  p r o c e s s  v a r i a b l e s  
t o  a s s u r e  con~plLete r e p e a t a b i l . i t y  of  t h e  p r o c e s s .  
Improved i n s p e c t i o l i  t echni .ques  w i l l  h e  i n c l u d e d .  

THE PURPOSE OF 'I'IiIS PAP13R i s  t o  r e v i e w  f a t i g u e  
d a t a  deve loped  or1 mriy components and f u r n i . s h  
d e s i g n  e n g i n e e r s  w i t h  d a t a  r e l a t i - v e  t o  t h e  
e f f e c t  of  t h e  c o n t r o l ~ l ~ r d  s h o t  p e e m l g  p r o c e s s  
on v a r i o u s  components t l ~ a t  w-il-1 a l l o w  t i le  
sal.vnge of  e x i s t i ~ i g  d e s i g n s  o r  a l l o w  t h e  u s e  of  
e x i s t i - n g  t i e s i g n s  a t  h f g h e r  s t r e s s  l e v e l s .  

A d i s c i i s s i ~ o n  of s h o t  pecn lng  i s  r e a l l y  a  
d i s c u s s i o n  of r e s i i l t ~ a l  s t r e s s .  R e s i d u a l  s t r e s s  
i s  any s t r e s s  c o n t a i n e d  w i t h i n  a  p a r t  a f t ~ r  
c o m p l e t i o n  o f  a l l  n ~ a n u f a c t u r  i n g  o p e r a t  i o n s ,  
w i t h o u t  any e x t e r n a l  f o r c e s  b e i n g  a p p l i e d .  
Most m e t a l  p a r t s  w i l l .  c o n t a i n  r e s i d u a l  s t r e s s e s  
from t h e  manufacturi .ng p r o c e s s e s .  For  example ,  
s e v e r e  g r f r i d i n g  o r  machin ing  can  r e s u l t  i n  h i g h  
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s u r f a c e  r e s i d u a l  t e n s i l e  s t r e s s .  Welding w i l l  
p roduce  b i g h  r e s i d u a l  t e n s i l e  s t r e s s e s  i n  t h e  
h e a t  a f f e c t e d  zone  a d j a c e n t  t o  t h e  weld.  Cold 
formed p a r t s ,  s u c h  a s  s p r i n g s  o r  formed stamp- 
i n g s ,  w i l l  a l s o  c o n t a i n  r e s i d u a l  t e n s i l e  
< , t resses .  

It i s  g e n e r a l l y  r e c o g n i z e d  t h a t  f a t i g u e  
c r a c k s  i n i t i a t e  o n l y  i n  a n  a r e a  o f  t e n s i l e  
s t r e s s ,  and w i l l  n o r m a l l y  i n i t i a t e  a t  t h e  s u r -  
f a c e  of  t h e  p a r t .  C o n s e q u e n t l y ,  i f  t h e  s u r f a c e  
of  a m e t a l  p a r t  c o n t a i n s  r e s i d u a l  t e n s i l e  
s t r e s s ,  t h e  r e s u l t  w i l l  b e  a  l o w e r i n g  of  f a t i g u e  
l i f e .  C o n v e r s e l y ,  ii t h e  s u r f a c e  c o n t a i n s  r e -  
s i d u a l  c o m p r e s s i v e  s t r e s s ,  t h e  f a t i g u e  l i f e  w i l l  
b e  improved.  

Shot  p e e n i n g  i s  a  c o l d  work ing  p r o c e s s  
performed by bombarding t h e  s u r f a c e  of t h e  p a r t  
w i t h  s m a l l  s p h e r i c a l  media ,  t h e  end r e s d t  be- 
i n g  t o  p roduce  a  t h i n  l a y e r  of  h i g h  magni tude  
r e s i d u a l  c o m p r e s s i v e  s t r e s s  i n  t h e  s u r f a c e .  The 
maximum magni tude  o f  t h i s  c o m p r e s s i v e  s t r e s s  
w i l l  n o n n a l l y  b e  50-60 p e r  c e n t  of  t h e  u l t m a i e  
t e n s i l e  s t r e n g t h  of  t h e  m a t e r i a l  and w ~ l l  be  a t  
mauj~n~in~  s l i g h t l y  helow s u r f a c e .  'The compres- 
q i v e l y  itresc;t .d s u r f a c e  r e s r ~ l t l n g  from t h e  sho t  
peen ing  p r o c e s s  w;l l  n e q a t e  o r  min imizc  a p p l i e d  
t e n s i l e  s t r e s s e s  and r e s i s t  t h e  i n i t i a t i o n  of  
f a t i g u e  c r a c k s ,  a s  shown i n  F i g u r e  1 .  

There  a r e  many o c c a s i o n s  when a d c ~ ~ i g n  
envineel-  would p r e f e r  t o  rise a h i g h  s t r e n < t h  
s t e e l  t o  m ~ n i m i z e  ~ i 7 e  and w c ~ g h t .  ilvwever, 
i l l e r e  i s  a l v a y ~  c o n c e r n  a b o u t  t h e  n o t c h  s e n s i -  
t i v i t y  of  h i g h  s t r e n p t h  s t e r l  i n  a  fatigue 
cl x t  ~ c a l  app l  i r a t j o n .  l h e  data shown i n  Figt l re  
7 ( I " )  "11g2eit.i  t h a t  i f  s h o t  p e e n i n g  i s  Lon- 
s l d e r c t i ,  t h e  hiyl i  s t r e n g t h  s t e e l s  c a n  be  
i u c c r i s f i i l l y  u q c d  111 t h e s e  a p p l i c a t i o n s .  

*Numbers i n  p a r e n t f i e s e s  d e s i g n a t e  
R e f c r e n c r s  a t  end of  p a p e r .  
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Fig 2 COMPARISON OF PEENED AND UNPEENED FATIGUE LIMITS FOR 
SMOOTH AND NOTCHED SPECIMENS AS A FUNCTION OF 
ULTIMATE TENSILE STRENGTH OF STEEL 

When c o n s i d e r i n g  s h o t  p e e n i n g  on l i jgh 
s t r e n g t h  s t e e l ,  i t  must  b e  remembered t h a t  
shoL peen ing  i s  a  c o l d  working p r o c e s s ,  and 
t h e r e f o r e ,  t h e  p e e n i n g  media must b e  a t  l e a s t  
a s  h a r d  a s  t h e  t a r g e t  p a r t  t o  a c h i e v e  optimum 
r e s u L t 5 .  Normal p e e n i n g  s h o t  i s  g e n e r a l l y  
i n  t h e  h a r d n e s s  r a n g e  of  4 5 - 4 8 R c .  Ii t h e  p a r t  
t o  be  s h o t  peened i s  h n r d c r  t h a n  t h i s  v a l u c ,  
s p e c i a l  Iiard s h o t  i n  the- r , ingc of  55-6LCc 
s h o u l d  h e  specified. The llse o f  h a r d e r  media 
on h i g h  s t r e n g t h  s t e e l  w i l l  r c , \ u l t  i n  a  h i g h e r  
magni tude  o f  r e s i d u a l  compres5 ive  s t r e s s ,  ai 
shown i n  F i g u r e  3 .  

DEPTH IN INCHES 

Fig 3 PEENING 1045 STEEL AT R,67 W l l H  330  S H O i  

Shot  peen ing  i s ,  and h a s  b e e n ,  used a s  a  
p r o d u c t i o n  p r o c e s s  on a  l a r g e  number of  a u t o -  
m o t i v e  components .  A p a r t i a l  l i s t  of t h e s c  
a p p l i c a t i o n s  i s  shown below: 

V a l v e  S p r i n g s  
Brake S p r i n g s  
S u s p e n s i o n  S p r i n g s  
Rocker  A r m s  
V a l v e s  
Connec t ing  Rods 
Connec t ing  Rod B o l t s  
C r a n k s h a f t s  
P i s t o n  P i n s  

P i s t o n  Kings  
T r a n s m i s s i o n  G e a r s  
T r a n s m i s s i o n  S l ~ a f  ts  
C l u t c h  P l a t e s  
D r i v e  S h a f t s  
D i f f e r e n t i a l  S p i d e r s  
D i f f e r e n t i a l  S i d e  Gears  
D i f f e r e n t i a l  Hous ings  
A x l e s  

D a t a  on a  number of  t h e s e  a p p l i c a t i o n s  
w i l l  b e  d i s c u s s e d .  

SPRINGS 

S p r i n g s  respond  more d r a m a t i c a l l y  t o  t h e  
s h o t  p e e n i n g  p r o c e s s  t h a n  most  m e t a l  p a r t s  
b e c a u s e  o f  t h e  h i g h  r e s i d u a l  t e n s i l e  s t r e s s e s  
r e s u l t i n g  from t h e  forming  o p e r a t i o n .  Much 
t e s t i n g  h a s  been  performed t o  d e t e r m i n e  how 
much improvement c a n  b c  e x p e c t e d  from h e l i c a l  
and f l a t  s p r i n g s .  F i g u r e  4(2) shows t h e  
a l l o w a b l e  f a t i g u e  s t r e n g t h  i n  t h e  peened and 
unpeened c o n d i t i o n  f o r  h e l i c a l  s p r i n g s  c o i l e d  
from o i l  tempered w i r e .  I t  s h o u l d  b e  n o t e d  
t h a t  t h e s e  s h o t  peened s p r i n g s  can  b e  used a t  
6 5 - 7 0  p e r  c e n t  h i g h e r  s t r e s s  l e v ~ l s  t h a n  t h r  
unpeened s p r i n g s .  

T a b l e  1 i n d i c a t e s  t h e  mprovemcnt  found 
i n  t h e  f a t ~ g u e  t e s t ~ n g  o f  h e l i c a l  s p r i n g s  
formed front v a r i o u s  m a t e r i a l  s .  

Automotive l e a f  i p r i n g s  r e s p o n d  w e l l  t o  
t h e  s h o t  p r e n l n g  p r o c e s s  a s  c a n  b e  s e e n  i n  
F i g u r e  5 ( 3 ) .  I n  t h i s  example,  i t  c a n  b e  s e e n  
t h a t  t h e  s l lo t  peened s p r i n g s ,  c y c l i c a l l y  
s t r e s s e d  t o  1 5 0 , 0 0 0  p s l ,  show no f a i l u r r s  a t  
o v e r  one m i l l i o n  c y c l e s  a s  compared w i t h  un- 
peened p ~ l r t s  a t  100,000 c y c l e s .  



D e s c r i p t i o n  

CORRECTED INITIAL STRESS. 1000 PSI 

Fly 4 SAFE STRESS RANGES FOR COIL SPRINGS ( 207 DIAMETER STEEL) 

T e s t  d u r a t i o n  
m i l l i o n s  o f  F a t i g u e  S t r e n g t h  
c y c l e s  Not peened  P e e n e d  Improvement  

Mus ic  w i r e ,  0.039 i n .  d i a .  0. 4 120,000 p s i  190,000 p s i  58% 
0i.l t e m p e r e d ,  0.207 i n .  d i a .  10 85,000 120,000 4 1 
Hot c o i l e d  1095, 314 i n .  d i a .  2 60,000 90,000 50 
B e r y l l i u m  c o p p e r ,  0.148 i n .  d i a .  10 40,000 78,000 95 
S t a i n l e s s  1~8-8 10 80,000 120,000 50 
S-816 10 55,000 100,000 8 1 

rARLE 1 INCREASES IN FATIGUE STRENGTH IN HELICAL SPRINGS 
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Fig 5 LIFE i E S l  RESULTS ON AUTOMOTIVE LEAF SPRINGS 





CRANKSHAFTS 

Shot  p e e n i n g  o f  c r a n k s h a f t s  i s  a  lesser 
known a p p l i c a t i o n  of  t h e  p r o c e s s .  A s  a  r e s u l t  
of  t h e  t e n d e n c y  of  i n d u s t r y  t o  i n c r e a s e  t h e  
horsepower o f  e x i s t i n g  i n t e r n a l  combus t ion  
e n g i n e s  t h r o u g h  t u r b o c h a r g i n g  and a f t e r c o o l i n g ,  
much h i g h e r  s t r e s s e s  have  been imposed on t h e  
c r a n k s h a f t .  F a t i g u e  f a i l u r e s  w i l l  u.;ually 
i n i t i a t e  i n  one  o f  t h e  j o u r n a l  b e a r i n g  f i l l e t s ,  
b u t  o c c a s i o n a l l y  i n  one of  t h e  main b e a r i n g  
f i l l e t s .  Shot  p e e n i n g  h a s  f r e q u e n t l y  been  
used a s  a  p r o d u c t i o n  p r o c e s s  t o  s i g n i f i c a n t l y  
i n c r e a s c  t h e  f a t i g u e  s t r e n g t h  of  t h i s  t y p e  of  
p a r t .  

Much t e s t i n g  h a s  been  per formed t o  v e r i f y  
t h e  f a t i g u e  improvement t o  b e  e x p e c t e d  by t h e  
s h o t  p e e n i n g  p r o c e s s .  F i g u r e  8 ( 6 )  shows t h e  
r e s u l t s  o f  a  f a t i g u e  t e s t  on a  s i x  c y l i n d e r ,  
d i e s e l  e n g i n e  c r a n k s h a f t .  The i n c r e a s e  i n  
f a t i g u e  s t r e n g t h  i n  t h i s  c a s e  was a p p r o x i m a t e l y  
40 p e r  c e n t .  

StinT PFFNING SPFC 
6 CYL L ; t S E L  LNG CRANKSHAFT M I  1550 CAS~'ST~ECSHOT 
MATERIAL AlSA 4340 t i  FORGING 6-8  ALMEN C INTENSITY 
FILLET HARDNESS 28-36Rc 100°lo M I N I M U M  COVERAGE 
JOURNAIL BEARING DIA 3 75" AS VERIFIED BY THE 
OVERALL LENGTH 6 3  3" PEENSCAN PROCESS 
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CONNECTTNG RODS 

F o r  t h e  same r e a s o n  ment ioned  i n  connec-  
t i o n  w i t h  c r a n k s h a f t s ,  i t  f r e q u e n t l y  becomes 
n e c e s s a r y  t o  i n c r e a s e  t h e  f a t i g u e  s t r e n g t h  
of  c o n n e c t i n g  r o d s  used  i n  i n t e r n a l  combus t ion  
e n g i n e s .  P o l i s h i n g  h a s  been  t r i e d  t o  improve 
t h e  a s - f o r g e d  f i n i s h  and remove o t h e r  s u r f a c e  
d i s c o n t i n u i t i e s  which a c t  a s  s t r e s s  r i s e r s .  
T h i s  is somewhat e f f e c t i v e ,  b u t  a s  s e e n  i n  
F i g u r e  9 ( 7 ) ,  s h o t  p e e n i n g  js a  p r e f e r a b l e  
p r o c e s s  from t h e  s t a n d p o i n t  o f  f a t i g u e  r e s u l t s .  

The i n i t i a t i o n  p o i n t  of  f a t i g u e  on a  
c o n n e c t i n g  r o d  i s  g e n e r a l l y  i n  t h e  1 beam s e c -  
t i o n  of t h e  r o d .  S i n c e  no machin ing  i s  per -  
formed i n  t h i s  a r e a ,  c o n n e c t i n g  r o d s  a r e  
n o r m a l l y  s h o t  peened i n  t h e  a s - f o r g e d  c o n d i t i o n  
t o  e l i m i n a t e  c o s t l y  masking o p e r a t i o n s .  

MILLION CYCLES 

Fig 9 FATIGUE DURABILITY OF FORK TYPE CONNECTING RODS 

Because o f  t h e  a b u s e  t o  which t h e y  a r e  
s u t ~ j e c t e d ,  a x l e  s h a f t s  a r e  p r ime  c a n d i d a t e s  
f o r  f a t i g u e  f a i l u r e .  The i n i t i a t i o n  s i t e  f o r  
f a t i g u e  f a i l u r e  may o c c u r  i n  many a r e a s ,  b u t  
u s u a l l y  i n  s p l i n e s ,  keyways, o r  t h e  major  
change  i n  c r o s s  s e c t i o n  where  t h e  m a j o r  d i a m e t e r  
of  t h e  s h a f t  m e e t s  t h e  f l a n g e .  O f t e n  i t  i s  
t h i s  l a s t  a r e a  which f a i l s  b e c a u s e  t h a t  p o r t i o n  
of  t h e  a x l e  r e m a i n s  i n  t h e  a s  f o r g e d  o r  a s  c a s t  
c o n d i t i o n ,  and t h e r e f o r e  h a s  a  rough  s u r f a c e .  
F i g u r e  l O ( 8 )  shows t h e  r e s u l t s  of  f a t i g u e  t e s t -  
i n g  on a u t o m o t i v e  r e a r  a x l e s .  I n  t h i s  c a s e ,  
t h e  f a t i g u e  s t r e n g t h  a s  a r e s u l t  of  s h o t  peen- 
i n g  was i n c r e a s e d  from 1 3 , 0 0 0  p s i  t o  4 3 , 0 0 0  p s i .  

MILLION REVOLUTIONS 
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CONTROL OF THE SHOT PEENING PROCESS 

Many p e o p l e  i n  i n d u s t r y  m i s t a k e n l y  e q u a t e  
b l a s t  c l e a n i n g  w i t h  t h e  s h o t  p e e n i n g  p r o c e s s  
b e c a u s e  t h e y  b o t h  c o n s i s t  o f  i m p e l l i n g  media 
aga ins t -  t h e  s u r f a c e  o f  a  m e t a l  p a r t .  However, 
t h e  p r o c e s s e s  a r e  q u i t e  d i f f e r e n t .  B l a s t  
c l e a n i n g  i s  i n t e n d e d  t o  remove c o n t a m i n a n t s  
from t h e  s u r f a c e  w i t h  t h e  r e s u l t  b e i n g  a  c l e a n  
p a r t .  L i t t l e  o r  n o  a t t e n t i o n  i s  g i v e n  t o  t h e  
i n t e n s i t y  o f  t h e  b l a s t ,  t h e  c o n d i t i o n  o f  t h e  
media ,  o r  w h e t h e r  t h e  s u r f a c e  o f  t h e  p a r t  h a s  
been  exposed  t o  c o m p l e t e  impingement. I n  con- 
t r a s t ,  s h o t  p e e n i n g  i s  a  w e l l - c o n t r o l l e d  
p r o c e s s  w i t h  a l l  o f  t h e  s h o t  p e e n i n g  p a r a -  
m e t e r s  s p e c i f i e d .  The p r i m a r y  c o n c e r n  i s  
r e p e a t a b i l i t y  t o  e n s u r e  t h e  same r e s u l t s  f o r  
a l l  p a r t s .  I n  r e c e n t  y e a r s ,  t o  v e r i f y  r e s u l t s ,  
some m a n u f a c t u r e r s  h a v e  r e q u i r e d  t h a t  minimum 
s u r f a c e  r e s i d u a l  c o m p r e s s i v e  s t r e s s e s  b e  
p r e s e n t  on  t h e i r  s h o t  peened p a r t s ,  and p e r i o d -  
i c a l l y  c h e c k  sample  p a r t s  w i t h  v a r i o u s  t y p e s  of  
X-ray d i f f r a c t i o n  equipment .  

V a r i o u s  c o n t r o l  m e a s u r e s  a r e  t a k e n  t o  
a s s u r e  r e p e a t a b i l i t y  o f  p r o c e s s  which w i l l  
r e s u l t  i n  g r e a t e r  a s s u r a n c e  o f  p r o d u c t  r e l i a -  
b i l i t y .  

The f i r s t  s t e p  i n  a s s u r i n g  optimum r e s u l t s  
s t a r t s  a t  t h e  d rawing  b o a r d  w i t h  t h e  p r o c e s s  
s p e c i f i c a t i o n s .  The p r o c e s s  s p e c i f i c a t i o n s  
which i n c l u d e  media  t y p e ,  s i z e  and h a r d n e s s ,  
a s  w e l l  as i n t e n s i t y  and  c o v e r a g e ,  w i l l  depend 
on t h e  p a r t  geomet ry ,  m a t e r i a l ,  h a r d n e s s ,  
s u r f a c e  c o n d i t i o n  and mode o f  f a i l u r e .  Once 
t h e  s p e c i f i c a t i o n s  a r e  s e l e c t e d ,  t h e r e  must  b e  
a  means o f  m e a s u r i n g  t h e  p r o c e s s  v a r i a b l e s  t o  
b e  c e r t a i n  t h e y  a r e  b e i n g  m a i n t a i n e d .  

INTENSITY - The i n t e n s i t y  o f  t h e  s h o t  
p e e n i n g  p r o c e s s  i s  a  measure  o f  t h e  k i n e t i c  
e n e r g y  b e i n g  d e l i v e r e d  t o  t h e  p a r t  and i s  a  
p r o d u c t  o f  t h e  mass and  v e l o c i t y  o f  t h e  media .  
T h i s  i n t e n s i t y  g o v e r n s  t h e  d e p t h  o f  t h e  com- 
p r e s s i v e l y  s t r e s s e d  l a y e r .  The d e p t h  o f  t h e  
c o m p r e s s i v e  l a y e r  c a n  b e  c r i t i c a l .  I f  t h e  
d e s i g n  e n g i n e e r  i s  c o n f r o n t e d  w i t h  a t h i n  
s e c t i o n  p a r t ,  t h e  c o n c e r n  i s  t o  l i m i t  t h e  d e p t h  
o f  c o m p r e s s i v e  l a y e r  s u c h  t h a t  no more t h a n  
20 p e r  c e n t  of  t h e  c r o s s  s e c t i o n  w i l l  b e  
p l a c e d  i n  c o m p r e s s i v e  s t r e s s  t o  a v o i d  exces -  
s i v e l y  h i g h  c o r e  t e n s i l e  s t r e s s e s  and p o s s i b l e  
d i s t o r t i o n  o f  t h e  p a r t .  S u r f a c e  c o n d i t i o n  i s  
o f t e n  o f  c o n c e r n .  I f  a  rough  machined s u r f a c e  
i s  p r e s e n t  t h e  i n t e n s i t y  must  b e  s u f f i c i e n t  t o  
a s s u r e  a  d e p t h  o f  c o m p r e s s i v e  s t r e s s  g r e a t e r  
t h a n  t h e  s u r f a c e  d i s c o n t i n u i t i e s  c r e a t e d  by 
t h e  machin ing .  I n  a d d i t i o n ,  some p a r t s  i n  
s e r v i c e  a r e  s u b j e c t e d  t o  C o r r i g n  o b j e c t  damage. 
I f  t h e  d e s i g n  e n g i n e e r  c a n  a n t i c i p a t e  t h i s  
c o n d i t i o n  h c  c a n  s p e c i f y  a n  i n t e n s i t y  h i g h  
enough t o  c o u n t e r a c t  t h e  e f f e c t  o f  t h i s  po ten-  
t i a l  damage. 

The i n t e n s i t y  o f  t h e  s h o t  p e e n i n g  p r o c e s s  
i s  measured by t h e  Almen s t r i p .  T h i s  i s  a  
f l a t  s t r i p  s tamped from 1070 s p r i n g  s t e e l  and  

h e a t  t r e a t e d  t o  a  h a r d n e s s  o f  44-50Rc. T h r e e  
d i f f e r e n t .  Alrnen s t r i p s  may be u s e d ,  depending  
upon t h e  - i n t e n s i t y  r a n g e ,  a s  shown i n  F i g u r e  11 
( 9 )  - 

The Almen s t r i p  i s  mounted i n  a n  AI-men 
b l o c k ,  which i s  a  r i g i d  314-inch t h i c k  s t e e l  
b l o c k ,  and i s  l o c a t e d  i n  t h e  same p l a n e  a s  t h e  
c r i t i c a l  a r e a  t-o b e  s h o t  peened .  I t  s h o u l d  be  
n o t e d  t h a t  t h e  Almen s t r i p  s h o u l d  n o t  b e  
d i r e c t l y  mounted t o  a p a r t  u n l e s s  i t  i s  t o t a l l y  
f l a t  and i s  o f  s u f f i c i e n t  c r o s s  s e c t i o n  t h a t  no 
d i s t o r t i o n  c a n  o c c u r  a s  a  r e s u l t  o f  t h e  p e e n i n g  
e f f e c t .  A f t e r  e x p o s u r e  t o  t h e  s h o t  s t r e a m ,  t h e  
Almen s t r i p  w i l l  h a v e  a  c u r v a t u r e  which  i s  
convex on t h e  peened s u r f a c e .  The d e g r e e  of 
c u r v a t u r e  w i l l  b e  p r o p o r t i o n a l  t o  t h e  p e e n i n g  
i n t e n s i t y  and t h i s  a r c  h e i g h t  i s  measured on 
t h e  Almen Gauge shown i n  F i g u r e  l l ( 9 ) .  

MEDIA - All  s h o t  p e e n i n g  m e d i a ,  w h e t h e r  i t  
b e  c a s t  s t e e l ,  g l a d d  b e a d ,  o r  c e r a m i c ,  w i l l  
d e t e r i o r a t e  a f L e r  some p e r i o d  o f  u s e ,  some more 
r a p i d l y  t h a n  o t h e r s .  Whtn t h i s  o c c u r s ,  i n t e n -  
s i t y  l e v e l s  a r e  d i m i n i s h e d  due  t o  t h e  lower  
mass o f  b roken  p a r t i c l e s .  More i m p o r t a n t  i s  
t h e  p o t e n t i a l  f o r  s u r f a c e  damage due  t o  t h e  
i m p a c t i n g  of  t h e s e  b r o k e n  p a r t i c l e s  on t h e  
s u r f a c e  o f  t h e  p a r t .  

The m i l i t a r y  s p e c i f i c a t i o n  f o r  s h o t  peen- 
i n g  p l a c e s  a  l i m i t  on t h e  amount o f  b r o k e n  o r  
deformed p a r t i c l e s  allowab1.e j n  t h e  s h o t  p e e n i n g  
machine .  T a b l e  2 i s  a  tab1.e showing t h e s e  
l i m i t a t i o n s  f o r  c a s t  s t e e l  s h o t .  When u s i n g  
g l a s s  o r  c e r a m i c  media ,  t h e r e  a r e  a l s o  l i m i t a -  
t i o n s  on t h e  a l l o w a b l e  amount o f  b r o k e n  
p a r t i c l e s ,  and b e c a u s e  t h e r e  a r e  no means t o  
s e p a r a t e  b roken  from good m e d i a ,  t h e  e n t i r e  
machine  l o a d  must b e  d i s c a r d e d  when t h e  a l l o w -  
a b l e  l i m i t s  a r e  exceeded .  I n  t h e  c a s e  o f  c a s t  
s t e e l  s h o t  t h e r e  i s  s i z i n g  and s h a p e  c l a s s i f i -  
c a t i o n  equipment  i n  g e n e r a l  u s e  which  al.lows 
t h e  broken  media  t o  b e  s e p a r a t e d  from t h a t  
which i s  s t i l l  u s a b l e .  

COVEMGE - Achiev ing  f u l l  p e e n i n g  c o v e r a g e  
on  t h e  s u r f a c e  o f  t h e  p a r t  i s  o f  paramount  
i m p o r t a n c e  t o  d e v e l o p i n g  a  u n i f o r m  l a y e r  o f  
c o m p r e s s i v e  s t r e s s  and a c h i e v i n g  r e p e a t a b i l i t y  
of  r e s u l t s  on a l l  p a r t s .  Complete  c o v e r a g e  i s  
t h e  f u l l  o b l i t e r a t i o n  of  t h e  o r i g i n a l  s u r f a c e  
a s  a  r e s u l t  o f  t h e  i m p a c t i n g  o f  t h e  media .  

V i s u a l  i n s p e c t i o n  f o r  t h i s  c o n d i t i o n  c a n  
be d i f f i c u l t ,  p a r t i c u l a r l y  on h a r d  p a r t s  where 
t h e  i n d e n t a t i o n s  a r e  m i n u t e ,  o r  where  t h e  
geometry o f  t h e  p a r t  makes i n s p e c t i o n  d i f f i c u l t ,  
s u c h  a s  t h e  I.D. of t i g h t l y  wound s p r i n g s ,  o r  
v e r y  s m a l l  r a d i i  s u c h  a s  found  i n  t h r e a d s .  To 
make t h e  i n s p e c t i o n  j o b  e a s i e r ,  t h e  P e e n s c a n  
p r o c e s s  was deve loped  many y e a r s  a g o ,  and i s  
r e c o g n i z e d  i n  t h e  M i l i t a r y  S p e c i f i c a t i o n  as a n  
a l t e r n a t i v e  means o f  i n s p e c t i o n  t o  t h e  l0X 
g l a s s .  T h i s  p r o c e s s  u t i l i z e s  a  t r a c e r  dye 
w l ~ i r h  f l u o r e s c e s  under  u l t r a - v i o l e t  l i g h t .  The 
p a r t  t o  be  s h o t  peened i s  c o a t e d  w i t h  t h i s  
m a t e r i a l  i n  t h e  a r e a  t o  b e  peened .  During t h e  
s h o t  peen ing  p r o c e s s  t h e  d y e  w i l l  b e  removed 



Peening  
Shot  

HOLOiNG STRIP RFl'AQVELI Ql 5 lnUAI  STRIP MOUNTED FOR 
FIXTURE STRESSCS INDUCE A R X l N b  HEIGHT MEASUREMENT 

(a) I h j  (c)  

i i y  1 1 i HE SHOi  STREAM JAVFS RESIDUAL S IR1 ' > I C S  HAT MAKE T H t  A '  'iIEN TEST STRIP ARCH UPWARDS 
Ti iE ARC HEIGt i l  SI 'OWS PEENING INTENS1 ;'I 

Lumulat ivc  
Al l  p d s s  Max. 2% Max. 50% min. 90"  Max. 8% 
U.S .  s c r e e n  on U.S.  on l J . S .  on U.S.  on U.S.  Max. number of  deformed 
s i z e  s c r e e n  s c r e e n  s c r e e n  s c r e e n  -- - - -- s h o t  a c c e p t a b l e  

1 0  ( .0787)  5 p e r  a r e a  1 i n c h  s q u a r e  
1 2  ( . 0 6 6 1 )  5 p e r  a r e a  1 i n c h  s q u a r e  
1 4  ( .0555)  1 2  p e r  a r e a  1 i n c h  s q u a r e  
1 6  ( .0469)  12 p e r  a r e a  1 i n c h  s q u a r e  
1 8  ( .0394)  1 5  p e r  a r e a  1 i n c h  s q u a r e  
20 ( .0331)  20 p e r  a r e a  1 i n c h  s q u a r e  
25 ( .0280)  20 p e r  a r e a  112 i n c h  s q u a r e  
30 ( .0232)  20 p e r  a r e a  112  i n c h  s q u a r e  
35 ( .0197)  20 p e r  a r e a  112 i n c h  s q u a r e  
40 ( .0165)  20 p e r  a r e a  112  i n c h  s q u a r e  
4 5  ( . 0 1 3 8 )  20 p e r  a r e a  112  i n c h  s q u a r e  
50 ( .0117)  30 p e r  a r e a  114 i n c h  s q u a r e  
8 0  ( . 0 0 7 0 )  40 p e r  a r e a  114 i n c h  s q u a r e  

1 2 0  ( .0049)  40 p e r  a r e a  1 1 4  i n c h  s q u a r e  

TABLE 2 CAST SHOl NUMBERS AND SCREENING TOLERANCES 

g r a d u a l l y  i n  p r o p o r t i o n  t o  t h e  p e r c e n t a g e  of 
peen ing  c o v e r a g e  and w i l l  n o t  he  i u l l y  rcniovc~d 
u n t i l  c o m p l e t e  c o v e r a g e  Ilas been  a c h i e v e d .  7111s 
p r o c e s s  i.: g e n c - r a l l y  u s e d  tlur ing machi nc s c t  u p ,  
and i n  t h e  c a s e  o f  long- running  p r o t l u c t i o ~ 1  johs ,  
CI p e r i o d i c  check  w i l l  b e  made t o  a s s t l r e  t i i a t  
f u l l  c o v e r a g e  i s  h e i n g  m a i n t a i n e d .  

EQUIPMENT - Kecauye of  t h e  e x a c t i n g  con- 
t r o l s  r e q u i r e d ,  a l l  s h o t  p e e n i n g  must  b e  per -  
formed a u t o m a t i c a l l y .  T h i s  means t h e  machine 
used must p r o v i d e  means f o r  p r o p e l l i n g  s h o t  
b y  a i r  p r e s s u r e  o r  c e n t r i f u g a l  f o r c e  a g a i n s t  
t h e  p a r t  and m e c h a n i c a l  means f o r  moving t h e  

p a r t  t h r o u g h  t h e  s h o t  s t r e a m  i n  e i t h e r  t r a n s l a -  
t i o n  o r  r o t a t i o n ,  o r  b o t h ,  a s  r e q u i r e d .  The 
macl - i in~  must  b e  c a p a b l e  of  c o n s i s t e n t l y  r e p r o -  
dt lc ing t h e  i n t e n s i t y  and c o v e r a g e  r e q u i r e m e n t s .  

I n  some i n d u s t r i e s  t o d a y ,  p a r t i c u l a r l y  t h e  
a i r c r a f t  i n d u s t r v ,  t h e r e  i s  g r e a t e r  u s e  b e i n g  
made of  s h o t  p e e n i n g  as a  d e s i g n  t o o l ,  and t h e r e  
a r e  i n d i c a t i o n s  t h a t  t h i s  t r e n d  w i l l  c o n t i n u e  
and broaden  i n t o  o t h e r  i n d u s t r i e s .  When s h o t  
p e e n i n g  i s  used  i n  t h i s  manner ,  p a r t i c u l a r l y  
where s a f e t y  c o n s i d e r a t i o n s  arc, p r e s e n t ,  r e p e a t -  
a b i l i t y  and a b s o l u t e  p r o c e s s  c o n t r o l  become 
i r n p e r a t i v c .  The o n l y  way t h i s  can  b e  accom- 



p l i s h e d  i s  t o  c o n s t a n t l y  m o n i t o r  a l l  of  t h e  
p r o c e s s  v a r i a b l e s ,  w i t h  a p r i n t o u t  o f  t h e s e  
v a r i a b l e s  w i t h  t h e  n e c e s s a r y  m i c r o p r o c e s s o r  
c o n t r o l  t o  s h u t  down t h e  o p e r a t i o n  i f  any  o f  
t h e  v a r i a b l e s  d r i f t  o u t s i d e  o f  p r e s e t  l i m i t s .  

T h e r e  a r e  s e v e r a l  m i c r o p r o c e s s o r  u n i t s  
i n  s e r v i c e  t o d a y ,  t o  p r o c e s s  v a r i o u s  a i r c r a f t  
and i n d u s t r i a l  components .  I n  t h e s e  i n s t a l l a -  
t i o n s ,  t h e  p r o c e s s  v a r i a b l e s  of  s h o t  f l o w ,  a i r  
p r e s s u r e  ( o r  whee l  s p e e d ) ,  n o z z l e  o s c i l l a t i o n  
and p a r t  r o t a t i o n  o r  t r a n s l a t i o n  a r e  a l l  
c o n s t a n t l y  m o n i t o r e d  w i t h  a  computer  p r i n t o u t  
o f  t h e  s e t t i n g s  and m i c r o p r o c e s s o r  c o n t r o l  o f  
t h e  machine  f u n c t i o n s .  C o n t i n u o u s  s h o t  c l a s s i -  
f i c a t i o n  i s  a l s o  a n  i n t e g r a l  p a r t  o f  t h i s  new 
g e n e r a t i o n  equipment .  

SUMMARY 

A s  shown i n  t h e  v a r i o u s  examples ,  t h e  
c o n t r o l l e d  s h o t  p e e n i n g  p r o c e s s  c a n  b e  e f f e c -  
t i v e l y  u s e d  t o  improve t h e  f a t i g u e  c h a r a c t e r -  
i s t i c s  o f  many components common t o  t h e  
a u t o m o t i v e  i n d u s t r y .  T h i s  p r o c e s s  i s  used  
w i t h  i n c r e a s i n g  f r e q u e n c y  i n  t h e  a u t o m o t i v e ,  
a s  w e l l  a s  i n  o t h e r  i n d u s t r i e s ,  which u t i l i z e  
h i g h l y  s t r e s s e d  p a r t s  s u b j e c t  t o  c y c l i c  l o a d i n g .  
By u s i n g  s h o t  p e e n i n g ,  t h e  p o t e n t i a l  e x i s t s  f o r  
u s i n g  h i g h e r  s t r e n g t h  m e t a l s  i n  c y c l i c a l l y  
l o a d e d  a p p l i c a t i o n s ,  t h e r e b y  a l l o w i n g  t h e  u s e  
o f  s m a l l e r ,  l i g h t e r  w e i g h t  p a r t s .  

The c o n t r o l  a s p e c t  of t h e  s h o t  p e e n i n g  
p r o c e s s  i s  e x t r e m e l y  i m p o r t a n t  t o  o p t i m i z e  t h e  
r e s u l t s  o f  t h e  p r o c e s s  and t o  a s s u r e  r e p e a t -  
a b i l i t y  o f  r e s u l t s .  
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