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ABSTRACT 

The S h o t  P e e n i n g  p r o c e s s  i s  n o t  new, b u t  
l i k e  most  forms o f  t e c h n o l o g y ,  i t s  a p p l i c a t i o n  
and deve lopment  h a s  a c c e l e r a t z d  i n  r e c e n t  t imes 
by g r e a t e r  knowledge of what i s  happening  a t  and 
b e n e a t h  t h e  s u r f a c e  and how t h e  p r o c e s s  should  
be  a p p l i e d .  I t  h a s  become c l e a r  t h a t  t h e  un i -  
f o r m i t y  of  s u r f a c e  i n d e n t a t i o n  i s  c r i t i c a l  t o  
a c h i e v i n g  t h e  b e s 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  
and on p r o d u c t i o n ,  m a i n t a i n i n g  t h a t  d e g r e e  of 
c o l d  work on s u b s e q u e n t  p a r t s  once t h e  parame- 
t e r s  and a c c e p t a b l e  l i f e  a r e  e s t a b l i s h e d .  The 
a c c e p t e d  method of  d e t e r m i n i n g  u n i f o r m  complete  
i n d e n t a t i o n  o r  c o v e r a g e  i s  by v i s u a l  means us- 
i n g  a 10-power magni fy ing  g l a s s .  However, i t  
is d i f f i c u l t  and t i m e  consuming t o  v i s u a l l y  es- 
amine l a r g e  a r e a s ,  hardened  s t e e l  p a r t s ,  f i l l e t s ,  
c a v i t i e s ,  g r o o v e s  o r  h o l e s  w i t h  t h a t  g l a s s  s i n c e  
many a r e a s  a r e  i n a c c e s s i b l e  t o  v i s u a l  instrumen- 
t a t i o n .  A r e c e n t  development  is t h e  u s e  of Dye- 
s c a n  T r a c e r s  which compliment t h e  10-power g l a s s  
and a r e  a p p l i e d  b e f o r e  peen ing  t o  form a  t h i n  
b r i t t l e  f i l m  which b r e a k s  up under t h e  a c t i o n  of  
p e e n i n g .  An u l t r a - v i o l e t  ( U . V . )  l i g h t  i s  then  
used  t o  examine f o r  c o v e r a g e  w i t h  f u l l y  peened 
a r e a s  a p p e a r i n g  d e e p  p u r p l e  and p a r t i a l l y  peened 
a r e a s  a p p e a r i n g  w h i t e ,  o r  s p e c k l e d  w h i t e .  
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THEORY OF SHOT PEENING 
IT IS ESSENTIAL t o  u n d e r s t a n d  what t h e  p r o c e s s  i s  
a b o u t  b e f o r e  i t  can  be a p p r e c i a t e d  why t h e  con- 
t r o l s  of t h e  a p p l i c a t i o n  a r e  s o  c r i t i c a l . F a t i g u e ,  
f r e t t i n g  o r  s t r e s s  c o r r o s i o n  f a i l u r e s  t e n d  t o  r e -  
s u l t  from s u r f a c e  t e n s i l e  s t r e s s e s , w h e t h e r  ap- 
p l i e d  o r  r e s i d u a l  from m a n u f a c t u r i n g  o p e r a t i o n s .  
The a b i l i t y  t o  n e g a t e  t h o s e  t e n s i l e  s t r e s s e s  by 
t h e  g e n e r a t i o n  of a  r e s i d u a l  compress ive  s t r e s s  
c a n  p r o l o n g  l i f e  c o n s i d e r a b l y .  T h i s  i s  a c h i e v e d  
by c o l d  working  he s u r f a c e  w i t h  s m a l l  s p h e r i c a l  
p a r t i c l e s  t r a v e l l i n g  a t  h i g h  v e l o c i t y .  Each p a r t -  
i c l e  on impac t  deforms t h e  s u r f a c e  which i n d u c e s  
a  c o m p r e s s i v e  s t r e s s .  T h i s  i s  shown i n  d i a g r a -  
m a t i c  form i n  F i g u r e  No. 1, where  t h e  h i g h  magni- 
t u d e  c o m p r e s s i v e  s t r e s s  i s  b a l a n c e d  by a  low mag- 
n i t u d e  t e n s i l e  s t r e s s  b e n e a t h  t h e  s u r f a c e .  F ig-  
u r e  No. 2 shows t h e  e f f e c t  of a  s i n g l e  i n d e n t ,  i n  
t h i s  c a s e  w i t h  a  6 . 4  mrn. b a l l ,  on mi ld  s t e e l .  The 
l a r g e  g r a i n e d  ( w h i t e )  a r e a  i s  t h e  zone of p l a s t i c  
f l o w  w i t h  t h e  maximum compress ive  s t r e s s  a t  t h e  
s u r f a c e  w i t h i n  t h e  1,25mm. d i a m e t e r .  The s t r e s s  
p a t t e r n  a t  t h e  c e n t r e  of t h e  i n d e n t  th rough  t o  
t h e  c o r e  i s  a s  shown i n  F i g .  No. 1 ( A ) .  A s i m i l a r  
p r o f i l e  e x i s t s  on t h e  s u r f a c e  from t h e  edge of  
t h e  1.25mm. i n d e n t  s t r e t c h i n g  o u t  r a d i a l l y  w i t h  
t h e  r e s u l t  t h a t  each  s i n g l e  i n d e n t  h a s  a  hoop 
t e n s i l e  s t r e s s  a t  t h e  s u r f a c e  a t  t h e  p e r i m e t e r  o f  
t h e  worked l a y e r .  4 peened s u r f a c e  w i t h  o v e r l a p -  
p i n g  d i m p l e s  h a s  a  un i form s t r e s s  p r o f i l e ,  a s  
shown by F i g .  No. 1 (A) o v e r  t h e  complete  f a t i g u e  
c r i t i c a l  a r e a .  

The d e p t h  of t h e  compress ive  l a y e r  v a r i e s  
w i t h  a  number of f a c t o r s  and g e n e r a l l y  i s  0,05mm. 
t o  lmm., a l t h o u g h  g r e a t e r  d e p t h s  can be  a c h i e v e d  
on c e r t a i n  m a t e r i a l s .  F i g u r e  - - 3 shows - - - t h e  - d e p t h s  - 

p o s s i b l e  a t  d i f f e r e n t  h a r d n e s s e s  and Almen i n t e n -  
s i t i e s .  The Almen i n t e n s i t y  b e i n g  a n  i n d i c a t i o n  
of  t h e  k i n e t i c  energy t r a n s f e r  of t h e  peen ing  ac- 
t i o n  which w i l l  be e x p l a i n e d  l a t e r .  



The m a g n i t u d e  of compress ive  s t r e s s  gener -  
a t e d  i s  a p p r o x i m a t e l y  60% of t h e  u l t i m a t 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 i s  shown i n  F i g .  No. 
4. T h e r e f o r e ,  from F i g s .  4 and 5 i t  w i l l  be s e e n  
t h a t  t h e  h i g h e r  t h e  t e n s i l e  s t r e n g t h l h a r d n e s s ,  
t h e  lower  t h e  d e p t h  of compress ion  a t  t h e  same 
i n t e n s i t y ,  b u t  t h e  g r e a t e r  t h e  magni tude  of com- 
p r e s s i v e  s t r e s s .  Demons t ra t ing  t h a t  a l t h o u g h  
s h o t  peen ing  can  be  used on low carbon s t e e l s  
w i t h  s u c c e s s ,  g r e a t e r  b e n e f i t  i s  a c h i e v e d  a t  t h e  
h i g h e r  s t r e n g t h / h a r d n e s s  r a n g e s  above approxi -  
m a t e l y  40 Rockwell ' C ' .  A t  t h i s  l e v e l ,  n o t c h  
s e n s i t i v i t y  of  m a t e r i a l s  c a n  c a u s e  problems and 
F i g .  5 shows how changing  t o  m a t e r i a l s  w i t h  b e t -  
t e r  u l t i m a t e  p r o p e r t i e s  c a n  a l s o  r e s u l t  i n  b e t t e r  
f a t i g u e  s t r e n g t h  when s h o t  peen ing  i s  used a s  a  
f i n a l  t r e a t m e n t .  Case-carbur i sed  o r  through hard-  
ened p a r t s  i n  t h e  60-65 Rockwell  ' C '  r a n g e  a r e  
i d e a l  a p p l i c a t i o n s  f o r  s h o t  p e e n i n g .  

DESIGN BENEFITS 

To most d e s i g n e r s  s h o t  peen ing  i s  a  t o o l  t o  
u s e  i n  c a s e s  where problems have  o c c u r r e d  on a n  
e x i s t i n g  p i e c e  of equ ipment .  However, g r e a t e r  
knowledge of t h e  p r o c e s s  and above a l l  c o n f i d e n c e  
i n  t h e  r e l i a b i l i t y  and r e p e a t a b i l i t y  of i t s  ap- 
p l i c a t i o n  h a s  meant i t s  c o n s i d e r a t i o n  a t  t h e  de- 
s i g n  s t a g e  on new p r o d u c t s .  i t  i s  a  d e s i g n  t o o l  
t h a t  c a n ; -  

p r o l o n g  component l i f e  w i t h  f a t i g u e  
s t r e n g t h  improvement of 30%. 
e n a b l e  20-402 h l g h  s t r e s s  l e v e l s  f o r  t h e  
same l i f e .  
a v o i d  r e d e s i g n  of g e a r s  by u s e  of b). 
a l l o w  reduced  component s u e  and weigh t  
f o r  same f a t i g u e  s t r e n g t h .  
e n a b l e  u s e  of h i g h e r  s t r e n g t h  s t e e l s  
w i t h o u t  f e a r s  of n o t c h  s e n s i t l v l t y .  
r e d u c e  t h e  need f o r  f i n e  machining i n  
f a t i g u e  c r i t i c a l  components. 
r e d u c e  c o s t s  by u s i n g  l e s s  expens ive  
m a t e r i a l s .  
e n a b l e  t h e  u s e  of p r o c e s s e s  g e n e r a l l y  
t h o u g h t  t o  r e d u c e  f a t i g u e  s t r e n g t h ,  1 . e .  
E . C . M .  /E . I ) .M.  
a l l o w  t h e  u s e  of hard  f a c l n g s  on f a t l g u e  
c r l t i c a l  components. 

These b e n e f i t s  c a n  b e  a c h i e v e d  a t  minimal 
c o s t  w i t h  h i g h  per formance  a e r o s p a c e  components, 
r a i s i n g  m a n u f a c t u r i n g  c o s t s  by l e s s  than  I X .  Au- 
tomot ive  o r  g e n e r a l  i n d u s t r i a l  p a r t s ,  such a s  
s p r i n g s  would i n c r e a s e  c o s t s  from 1 - 10:.<, de- 
pending on s i z e  and conip lex i ty .  

The t y p e  of component t o  b e n e f i t  from t h e  
p r o c e s s  i s  any p a r t ,  f e r r o u s  o r  n o n - f e r r o u s ,  s u f -  
f e r i n g  f a t i g u e ,  f r e t t i n g ,  s t r e s s  c o r r o s i o n  crack- 
i n g ,  g a l l i n g  o r  p i t t i n g .  C e r t a i n l y  t h e  most con]- 
monly known a r e  s p r i n g s ,  whether  compress ion ,  
t e n s i o n ,  t o r s i o n  o r  l e a f  and c i r c l i p  s h a p e s ,  b e l -  
v i l l e  w a s h e r s ,  e t c .  F o l l o w i n g  c l o s e l v  behind a r e  
g e a r s  of a l l  s i z e s ,  r a n g i n g  from s m a l l  r e d u c t i o n  
u n i t s  on r o b o t i c s  a p p l i c a t i o n s  t o  mar ine  g ? a r s ,  

m e t r e s  i n  d i a m e t e r .  Here t h e  b e n d i n g  f a t i g u e  
s t r e n g t h  c a n  b e  i n c r e a s e d  by 20-40% g i v i n g  l i f e  
improvements on c a s e - c a r b u r i s e d  g e a r s  of 8 - 1 2  
t i m e s  . 

S h a f t s  and a x l e s  o r  s i rn i l -a r  components ,  s u f -  
f e r i n g  r o t a t i o n a l  bending f a t i g u e  i n  keyways,  
s p l i n e s ,  f i l l e t s ' ,  s h e a r  s e c t i o n s  o r  any  changes  
i n  c r o s s  s e c t i o n ,  can be t r e a t e d  w i t h  c o n s i d e r -  
a b l e  improvement. 

Hard chrome p l a t e d  o r  h a r d  a n o d i s e d  p a r t s ,  
s u b j e c t  t o  h i g h  s t r e s s ,  s u f f e r  f rom f a t i g u e . T h i s  
i s  due t o  t h e  f i n e  c r a c k s  which i n i t i a t e  i n  t h e  
p l a t i n g  o r  a n o d i s h g -  (-added to g i v e  a - h a r d ,  wear 
r e s i s t a n t ,  p r o t e c t i v e  s u r f a c e )  p r o p a g a t i n g  
through t h e  c o a t i n g  i n t o  t h e  s o f t e r  b a s e  m e t a l ,  
F i g .  6 .  

I f  t h e  s u r f a c e  of t h e  b a s e  m e t a l  i s  r e s i d -  
u a l l v  s t r e s s e d  p r i o r  t o  t h e  p l a t i n g / a n o d i s i n g ,  
t h e  c r a c k s  w i l l  s t i l l  i n i t i a t e ,  b u t  t h e y  w i l l  not  
p r o p a g a t e  i n t o  t h e  b a s e  m e t a l .  

An example i s  shown i n  F i g .  No. 7 on h i g h  
a l l o y  s t e e l  r o t a t i o n a l  bending  p a r t s .  T h i s  ob- 
v i o u s l y  a p p l i e s  t o  p a r t s  i n  m a n u f a c t u r e  and o v e r -  
h a u l  where t h e y  a r e  re-machined o r  r e g r o u n d  and 
t h e n  b u i l t  up w i t h  a  l a y e r  of chrome p l a t e  p r i o r  
t o  r e - i n s t a l l a t i o n .  P l a t i n g  a l o n e  w i t h o u t  peen- 
i n g  r e d u c e s  f a t i g u e  s t r e n g t h  by o v e r  40% and peen- 
i n g  r e g a i n s  a l m o s t  t h e  f u l l  f a t i g u e  s t r e n g t h .  

Welded a s s e m b l i e s  s u f f e r  f a t i g u e  and s t r e s s  
c o r r o s i o n  c r a c k i n g  because  of h i g h  t e n s i l e  stress- 
e s  a t  t h e  h e a t  a f f e c t e d  zone and s u r f a c e  impur i -  
t i e s .  F i g .  8 shows t h e  improvements  t h a t  can  b e  
expec ted  i n  t h e  a s  welded s t a t e  o r  g round .  Shot  
peening i s  r e p l a c i n g  s t r e s s  r e l i e v i n g  by h e a t  o r  
v i b r a t i o n  b e c a u s e  i t  does  more t h a n  j u s t  e l i m i n -  
a t e  t h e  t e n s i l e  s t r e s s ,  i t  l e a v e s  t h e  s u r f a c e  
w i t h  a v e r y  h i g h  compress ive  s t r e s s  n o t  p o s s i b l e  
by t h e  o t h e r  methods.  Weldments on p r e s s u r i s e d  
v e s s e l s  c o n t a i n i n g  c o r r o s i v e  m a t e r i a l  o r  s lmply  
welded s t r u c t u r a l  p a r t s  have b e e n  t r e a t e d  suc-  
c e s s f u l l y .  

C a s t i n g s l f  o r g l n g s  of a l l  m a t e r i a l s  have b e n  
t r e a t e d ,  i n c l u d i n g  c a s t  i r o n s  and aluminum t o  
extend f a t i g u e  l i f e .  T'oroslty of aluminum v a l v e  
b o d l e s  can b e  overcome and l u h r l c i t y  a i d e d  on 
s e a l s  by t h e  generation of m i c r o s c o p i c  o i l  r e -  
s e r v o i r s  on s h a f t s .  

CONTROLLED SWOT PCENTNG 

The p o t e n t i a l  can o n l y  be a c h i e v e d  by con- 
t r o l l e d  a p p l i c a t i o n  of t h e  p r o c e s s .  T h i s  c o n t r o l  
p roduc inp  a  c o m p r e 5 s l v t l y  s t r e s s e d  s u r f a c e  i n  
w h l ~ h  t h e  l e v e l  of s i r e s s  and l t s  u n l f o r m l t y , a n d  
t h e  dep th  of t h e  compressed l a v e r ,  can b e  h e l d  
c o n s t a n t  from p l e c e  t o  p l e c e .  Lach of t h e  c o r -  
r e c t  c o n t r o l  may n o t  o n l j  p r e v e n t  any b e n e t l t s  
but  ma\ even c a u s e  premature  f a i l u r e .  I n  t h i s  
r e s p e c t  s h o t  peenin;,  i s  no different ti. an\, o t h e r  
manufacturing proces.; In  t h a t  t h e  q u a l l t y  of t h e  
t r e a t m e n t  i s  d l r e c t l ~  p r o p o r t l o n a i  t o  t h e  q u a l l t ) '  
of t h e  c o n t r o l s  of a p p l l c a t l o n .  



To d a t e  t h e r e  i s  no p r a c t i c a l  non-des t ruc-  
t i v e  method f o r  m e a s u r i n g  t h e  s t r e s s  d i s t r i b u -  
t i o n  i n  a  f i n i s h e d  p a r t .  T h e r e f o r e ,  f u l l  c o n t r o l  
of  t h e  co ld  work ing  of t h e  s u r f a c e  i s  i m p e r a t i v e .  
The d e s i r e d  s t r e s s ,  d e p t h  and m a g n i t u d e ,  a r e  ob- 
t a i n e d  by t h e  u s e  of  t h e  r i g h t  combina t ion  of 
s h o t ,  e x p o s u r e  t i m e ,  s h o t  v e l o c i t y ,  f e e d  r a t e ,  
d i s t a n c e  of p a r t  from s o u r c e  of s h o t ,  and a n g l e  
of impingement. I t  i s  a l s o  i m p e r a t i v e  t h a t  t h e  
r e l a t i v e  mot ion  between t h e  s h o t  s t r e a m  and t h e  
component be  mechanised  f o r  u n i f o r m i t y  and r e -  
p r o d u c e a b i l i t y .  

Of ten  t h e  p a r a m e t e r  s i n g l e d  o u t  as being-  
t h e  most i m p o r t a n t  i s  t h e  peening i n t e n s i t y .  Cer- 
t a i n l y  it i s  i m p o r t a n t ,  b u t  t h r e e  o t h e r  f a c t o r s  
b e a r  e q u a l  c o n c e r n  - t h e s e  a r e  M e c h a n i s a t i o n ,  
Media Q u a l i t y  and Coverage,  Dyescan t r a c e r s  
can  p l a y  an i m p o r t a n t  p a r t  i n  t h r e e  of t h e s e .  

DTESCAN TRACERS - These a r e  u l t r a - v i o l e t  
v i s i b l e  compounds t h a t  a r e  b rushed ,  s p r a y e d  o r  
d ipped  o n t o  a  p a r t  and a l lowed t o  d r y ,  forming 
a  t h i n  b r i t t l e  f i l m .  Shot  peen ing  b r e a k s  up 
t h a t  f i l m ,  l e a v i n g  o n l y  t h e  m a t e r i a l  t h a t  h a s  
n o t  r e c e i v e d  d i r e c t  impac t .  A s  t h e  t r a c e r  i s  a 
f l u o r e s c e n t  m a t e r i a l ,  t h a t  a r e a  n o t  r e c e i v i n g  
d i r e c t  impact  i s  c l e a r l y  v i s i b l e  u n d e r  a  U . V .  
l i g h t .  T h e r e f o r e ,  t h e  o b j e c t  of t h e  p r o c e s s  i s  
t o  p r o v i d e  a  p r a c t i c a l  way of measur ing  c o v e r a g e  
i n  t e rms  of t h e  amount and u n i f o r m i t y  of  Dyescan 
t r a c e r  removal .  F u l l y  peened a r e a s  a p p e a r  a s  a  
deep  p u r p l e  c o l o u r  u n d e r  U.V. l i g h t ,  w h i l s t  p a r -  
t i a l l y  peened a r e a s  a p p e a r  w h i t e  o r  s p e c k l e d  
w h i t e ;  r e s u l t s  of a  t y p i c a l  a p p l i c a t i o n  - t h e  
peen ing  of s p r i n g s  - a r e  shown i n  F i g .  No. 9 .  
Here f i v e  s p r i n g s  were  c o a t e d  and t h e  o u t e r  f o u r  
peened t o  c o m p l e t e  c o v e r a g e .  The photograph  was 
t a k e n  under  U . V .  c o n d i t i o n s ,  d e m o n s t r a t i n g  t h e  
c o n t r a s t  o b t a i n a b l e .  How t h a t  c o n t r a s t  is  used  
t o  b e n e f i t  when compared t o  t h e  s t a n d a r d  method 
of coverage  d e t e r m i n a t i o n  - t h e  10 power magni- 
f y i n g  g l a s s  - i s  e x p l a i n e d  below when t h e  f o u r  
c r i t i c a l  a s p e c t s  of  s h o t  peening a r e  examined. 

PEENING INTENSITY - J . O .  Alrnen of G e n e r a l  
Motors  R e s e a r c h  L a b o r a t o r i e s  D i v i s i o n  deve loped  
a  method of  m e a s u r i n g ,  s p e c i f y i n g  and d u p l i c a -  
t i n g  s h o t  p e e n i n g  i n t e n s i t i e s .  The i n t e n s i t y  
b e i n g  a n  i n d i c a t i o n  of  t h e  k i n e t i c  e n e r g y  t r a n s -  
f e r  of t h e  p e e n i n g  a c t i o n  which works on t h e  
p r i n c i p l e  t h a t  i f  a  f l a t  piec.e of m e t a l  is  
clamped t o  a  s o l i d  b l o c k ,  and exposed t o  a  b l a s t  
of s h o t ,  i t  w i l l  b e  curved  upon removal  from t h e  
b l o c k .  The c u r v a t u r e  w i l l  b e  convex on  t h e  
peened s i d e .  The h e i g h t  of t h e  curved  a r c ,  mea- 
s u r e d  on a  s p e c i a l  g a u g e ,  namely a n  Almen gauge ,  
s e r v e s  a s  a  m e a s u r e  of i n t e n s i t y .  The s t a n d a r d s  
p r o v i d e  f o r  t h r e e  t h i c k n e s s e s  of t e s t  s t r i p s  
s u i t a b l e  f o r  d i f f e r e n t  i n t e n s i t y  r a n g e s  ( F i g .  
No. 1 0 ) .  

I f  t h e  r e a d i n g  of  t h e  ' A '  s t r i p  i s  l e s s  
t h a n  0.004 i n ,  t h e  I N '  s t r i p  should  be  used ;  
t h e  ' N '  s t r i p  r e a d i n g s  w i l l  b e  a b o u t  t h r e e  t i m e s  
a s  h igh  a s  t h o s e  on t h e  ' A '  s t r i p .  I f  t h e  r e a d -  
i n g  on t h e  ' A '  s t r i p  i s  g r e a t e r  t h a n  0.020 i n . ,  

t h e  ' C '  s t r i p  should  be  u s e d .  I t  w i l l  g i v e  r e a d -  
i n g s  a b o u t  0.3 t i m e s  t h o s e  of t h e  ' A '  s t r i p .  

The s t a n d a r d  d e s i g n a t i o n  on i n t e n s i t y  mea- 
surement  i n c l u d e s  t h e  gauge r e a d i n g ,  o r  a r c  
h e i g h t ,  and t h e  k ind  of s t r i p  u s e d .  I t  i s  n e c e s -  
s a r y  t o  s p e c i f y  a  r a n g e ,  such  a s  0.010 i n .  t o  
0.014 i n .  A o r  0.006 i n .  t o  0 . 0 0 8  i n .  C .  A l l  
measurements  a r e  made on t h e  s t a n d a r d  Almen No. 2  
gauge  a s  shown 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  MIL- 
S-13165B h e n d m e n t  ?. ( I ) *  

The t e s t  s t r i p  mounted on a  h o l d i n g  b l o c k  
s h o u l d  be  s u p p o r t e d  on a  f i x t u r e  which s i m u l a t e s ,  

- I n - i t s e x p o s u r e  to the -blast , -  t h e  c r i t i c a l  s u r -  
f a c e  of t h e  p a r t  t o  be  peened .  F o r  a  more c m -  
p l i c a t e d  p a r t ,  a  number of t e s t  s t r i p s  may b e  
needed on t h e  same f i x t u r e .  A t e s t  s t r i p  mus t  
n o t  be re-used a f t e r  p e e n i n g .  

When a  s e r i e s  of t e s t  s t r i p s  i s  peened w i t h  
a  f i x e d  machine  s e t t i n g  f o r  d i f f e r e n t  e x p o s u r e  
t i m e s ,  a  s a t u r a t i o n  c u r v e ,  a s  shown i n  F i g .  No. 
11 can  be  o b t a i n e d .  The t i m e  n e c e s s a r y  t o  p ro-  
d u c e  s a t u r a t i o n  on t h e  test s t r i p  c a n  be  d e f i n e d  
as t h e  t i m e  r e q u i r e d  t o  a c h i e v e  t h e  s p e c i f i e d  a r c  
h e i g h t  a t  which d o u b l i n g  t h e  e x p o s u r e  t i m e  w i l l  
n o t  i n c r e a s e  t h e  a r c  h e i g h t  by more t h a n  1 0 % .  An 
a r c  h e i g h t  i s  n o t  p r o p e r l y  termed i n t e n s i t y  un- 
l e s s  s a t u r a t i o n  h a s  been  a c h i e v e d .  

It s h o u l d  b e  u n d e r s t o o d  t h a t  t h e  t i m e  r e -  
q u i r e d  t o  s a t u r a t e  t h e  t e s t  s t r i p  i s  n o t  n e c e s -  
s a r i l y  e q u a l  t o  t h e  t i m e  r e q u i r e d  t o  s a t u r a t e  t h e  
p a r t .  I f  t h e  h a r d n e s s  of t h e  p a r t  i s  a p p r e c a b l y  
d i f f e r e n t  f rom t h e  44 t o  50 Rockwell  ' C '  h a r d n e s s  
of  t h e  test s t r i p ,  t h e  t i m e  r e q u i r e d  t o  s a t u r a t e  
t h e  p a r t  w i l l ,  of c o u r s e ,  v a r y .  F o r  i n s t a n c e ,  a 
c a r b u r i z e d  p a r t  w i l l  t a k e  l o n g e r  t o  s a t u r a t e  and 
a s o f t  m a t e r i a l  w i l l  r e a c h  a  p o i n t  of  s a t u r a t i o n  
f a s t e r .  The h a r d n e s s  of  s h o t  c a n  a l s o  i n f l u e n c e  
r e q u i r e d  t i m e .  

Dyescan t r a c e r s  a r e  a  u s e f u l  t o o l  d u r i n g  
t h i s  p r e - p r o d u c t i o n  s t a g e  of e s t a b l i s h i n g  t h e  
c o r r e c t  peen ing  i n t e n s i t y  u n i f o r m l y  o v e r  t h e  com- 
p o n e n t .  A s  s t a t e d  e a r l i e r ,  on c o m p l i c a t e d  p a r t s  
such  a s  a  l a r g e r  ae ro-engine  f a n  b l a d e ,  i t  would 
b e  n e c e s s a r y  t o  l o c a t e  on a dummy component Almen 
b l o c k s  a t  t h e  l e a d i n g  and t r a i l i n g  e d g e s ;  a round  
t h e  snubber  and a t  a n g l e s  s i m u l a t i n g  t h e  f r e t t i n g  
p r e s s u r e  f a c e s  of t h e  d o v e t a i l .  C o a t i n g  t h a t  
b l a d e  w i t h  Dyescan a t  t h e  same t i m e  a s  f i t t i n g  
Almen s t r i p s  t o  check c o r r e c t  i n t e n s i t y  i n  t h e  
c r i t i c a l  a r e a s  w i l l  i n d i c a t e ,  i f  t h e  p r o c e s s  i s  
checked a t  f r e q u e n t  i n t e r v a l s ,  t h e  r a t e  of work 
done ,  h i g h l i g h t i n g  a r e a s  b e i n g  s h i e l d e d ,  o v e r -  
peened o r  indeed  a  machine  m a l f u n c t i o n .  Thus en- 
a b l i n g  a  speedy  r e d i s t r i b u t i o n  of  n o z z l e s  t o  un- 
i f o r m l y  c o l d  work t h e  s u r f a c e  and a c h i e v e  t h e  i n -  
t e n s i t y  r e q u i r e d .  

COVPGE - i s  d e f i n e d  a s  u n i f o r m  d e n t i n g  o r  
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  of  t h e  p a r t  
o r  work-piece.  Shot  p e e n i n g ,  u n l e s s  i t  i s  f o r  
fo rming  o r  s t r a i g h t e n i n g ,  would n e c e s s i t a t e  com- 
p l e t e  c o v e r a g e  and t h i s ,  g e n e r a l l y ,  i s  a c c e p t e d  

*Numbers i n  p a r e n t h e s e s  d e s i g n a t e  r e f e r e n c e s  
a t  end of p a p e r .  



a s  a p p r o x i m a t e l y  100%.  Most a e r o s p a c e  s t a n d a r d s  
c a l l  f o r  coverage i n  e x c e s s  of t h a t  r a t e .  o r  i n  
m u l t i p l e s  of i t ,  a s  a  good p r o d u c t i o n  s t a n d a r d  
and s a f e t y  f a c t o r .  T h i s  s a f e t y  f a c t o r  h a s  been 
employed because  a  s i n g l e  i n d e n t a t i o n  h a s  a  hoop 

i t e n s i l e  s t r e s s  i n  t h e  a r e a  s u r r o u n d i n g  i t .  Al- 

though  t h e  cold worked a r e a  i s  a p p r o x i m a t e l y  
f o u r  t i m e s  t h e  i n d e n t a t i o n  a r e a ,  t h e  o u t e r  annu- 
l u s  s e e s  t h e  maximum compress ive  s t r e s s  dimin-  
i s h i n g  t o  z e r o  and t h e n  p r o c e e d i n g  t o  low-magni- 
t u d e  t e n s i o n ;  hence t h e  need t o  have o v e r l a p p i n g  
i n d e n t a t i o n s  t o  a c h i e v e  t h e  maximum p o t e n t i a l .  

T e s t s  conducted by P e r s o n  (2)" of t h e  --- - - . - -  

K a i s e r  Aluminium 6 Chemical  C o r p o r a t i o n  on some 
aluminum f o r g i n g s  have h i g h l i g h t e d  t h e  c r i t i c a l  
n a t u r e  of coverage .  The r e p o r t  i n v e s t i g a t e d  t h e  
d i f f e r e n t  p a r a m e t e r s  of  peen ing  and i n d i c a t e d  
how t h e y  a f f e c t e d  t h e  f a t i g u e  l i . f e  of t h e s e  
f o r g i n g s .  Whi l s t  t h e  r e s u l t s  shou1.d o n l y  be 
r e a d  a s  a p p l y i n g  t o  t h e s e  p a r t i c u l a r  components, 
t h e y  d o  show t h a t  once a  s e t  of p a r a m e t e r s  h a s  
been e s t a b l i s h e d  t h e r e  s h o u l d  n o t  be  d e p a r t u r e  
from them u n l e s s  f a t i g u e  t e s t s  have been con- 
d u c t e d  t o  j u s t i f y  t h e  c h a n g e .  The c o v e r a g e  
t e s t s  i n d i c a t e d  t h a t  w i t h  under -peen ing  t o  o n l y  
80% c o v e r a g e ,  t h e  f a t i g u e  l i f e  was o n l y  38% of 
t h a t  a c h i e v e d  a t  a p p r o x i m a t e l y  100;: c o v e r a g e .  

The method employed f o r  many y e a r s  f o r  
c h e c k i n g  coverage ,  because  no a l t e r n a t i v e  was 
a v a i l a b l e ,  was t h e  u s e  of t h e  10-power magnify- 
i n g  g l a s s .  Whi l s t  t h i s  i s  i n d e e d  a  good t o o l  - 
b e c a u s e  n o t  only can t h e  c o v e r a g e  be  checked b u t  
t h e  media  q u a l i t y  c a n  a l s o  b e  i n s p e c t e d  - f a c t o r s  
of a c c e s s i b i l i t y  and p e r s o n a l  f a t i g u e  must be 
c o n s i d e r e d .  

Large  components, o r  l a r g e  p r o d u c t i v i t y  
b a t c h e s  of s m a l l  components ,  would a l s o  c a u s e  
p r o b l e m s .  I n  a d d i t i o n ,  d e e p  h o l e s  o r  g r o o v e s  
and compl ica ted  g e o m e t r i c a l  s l iapes do .not a lways 
allok7 v i s u a l  i n s p e c t i o n ,  a l t h o u g h  t h e  m a j o r i t y  
of a r e a s  a r e  no problem, p a r t i c u l a r l y  on f l a t  
s e c t i o n s  o r  p l a i n  d i a m e t e r s .  However, a s  t h e  
s h o t  peen ing  p r o c e s s  i s  c a r r i e d  o u t  t o  e l i m i n a t e  
o r  c o n s i d e r a b l y  r e d u c e  c r a c k  i n i t i a t i o n  and suh-  
s e q u e n t  p r o p a g a t i o n ,  and a s  i t  i s  more t h a n  
l i k e l y  t h a t  any f a i l u r e  t h a t  d o e s  occur  w i l l  
i n i t i a t e  from a h o l e ,  g roove  o r  complex s h a p e  
r a t h e r  t h a n  from an e a s i l y  v i s u a l l y  i n s p e c t e d  
p l a i n  a r e a ,  t h e  i n s p e c t i o n  approach  s h o u l d  f a v o r  
t h e  method most l i k e 1  y t o  i n d i c a t e  under-cover-  
a g e  o r  under-peening i n  t h e  most c r i t i c a l  a r e a s .  

Dyescan i s  n o t  b e i n g  s u g g e s t e d  a s  a  r e -  
placement  of tlie 10-power g l a s s ,  b u t  an addi -  
t i o n  t o  t h e  q u a l i t y  c o n t r o l  a m o u r .  

Eelow -55 Rockwell ' ( 2 '  v i s u a l  i n s p e c t i o n  
w i t h  t h e  g l a s s  improves w i t h  t h e  r e d u c t i o n  i n  
h a r d n e s s .  F i g .  No. 12 shows t h e  e f f e c t  on 4 0  
Rockwell 'C' s t e e l  i n  t h e  comple te  and p a r t i a l  
s t a t e  i n d i c a t i n g  t h e  e a s e  of d e t e c t i o n  on s o f t e r  
s u r f a c e s .  However, above t h a t  f i g u r e  - e s p e c i -  
a l l y  w i t h  p a r t s  i n  t h e  60 Rc r a n g e  - v i s u a l  i n -  
s p e c t i o n ,  even f o r  tlie most e x p e r i e n c e d  bec.omes 

v e r y  d i f f i c u l t .  
A l l  p e r s o n n e l  i n v o l v e d  w i t h  t h e  s h o t  p e e n i ~  

p r o c e s s  have a t  some t i m e  o r  o t h e r  been i n v o l v e d  
i n  d i s c u s s i o n s  a s  t o  whether  a n  a r e a  h a s  o r  h a s  
no t  been peened ,  t o  t h e  p o i n t  t h a t  t h e  i n s p e c -  
t i o n  becomes a  s u b j e c t i v e  a rgument .  Dyescan 
t r a c e r s  t u r n  t h a t  argument i n t o  a more o b j e c t i v e  
d e f i n i t i o n  by t u r n i n g  t h e  peenedlunpeened  a r e a s  
i n t o  a b l a c k / w l i i t e  s i t u a t i o n .  

Low a n g l e  of  impingement w i l l  n o t  remove a l l  
t r a c e r  c o a t i n g s ,  and uneven p e e n i n g  and h o t - s p o t  
c o n c e n t r a t i o n  c a n  be  seen  by p a t t e r n s  of remain-  
i n g  c o a t i n g s .  

Owing t o  t h e  g r a d u a l  b reakup  of  t h e  b r i t t l e  
f i l m ,  t h i s  p r i n c i p l e  i s  used  i n  s e t t i n g  up and 
e s t a b l i s h i n g  p e e n i n g  t e c h n i q u e s ,  s u c h  a s  n o z z l e  
a n g l e ,  d i s t a n c e ,  number and f e e d  r a t e .  P r i o r  t o  
r e a c h i n g  optimum c o v e r a g e  of a  component, i t  h a s  
t o  be  e s t a b l i s h e d  t h a t  peen ing  i s  b e i n g  a c h i e v e d  
u n i f o r m l y  o r  a t  l e a s t  t h a t  t h e  a r e a s  most  c r i t i -  
c a l  on a  component a r e  b e i n g  c o n c e n t r a t e d  on 
most .  To a c h i e v e  r h i s  d u r i n g  t h e  i n i t i a l  s e t -  
t i n g  s t a g e s ,  a  component w i l l  be  removed from 
t h e  peen ing  e n c l o s u r e  s e v e r a l  t i m e s  u n t i l  t h e  
pre-determined c o v e r a g e  r a t e  i s  m e t :  t h i s  i s  
i l l u s t r a t e d  by F i g .  13  which r e l a t e s  t o  t h e  p r o -  
g r e s s i v e  peen ing  of a  t u r b i n e  b l a d e  r o o t .  

F i g .  13a i s  a n  unpeened c o a t e d  b l a d e  r o o t  
photographed i n  n a t u r a l  l i g h t ;  13b photographed  
i n  U . V .  l i g h t ;  1 3 c  t o  f  p r o g r e s s i v e  p e e n i n g  a t  
15 seconds  i n t e r v a l s  d e m o n s t r a t i n g  t h e  g r a d u a l  
removal .  I t  w i l l  be s e e n  t h a t  t h e  p o c k e t  u n d e r  
t h e  p l a t f o r m  i s  t h e  l a s t  t o  c l e a r ,  v e r i f y i n g  t h e  
comments made p r e v i o u s l y  on h o l e s ,  g r o o v e s ,  e t c .  
Note t h a t  t h e  bot tom of t h e  r o o t  i s  t a p e d  w i t h  
Dyescan imbedded which w i l l  r e m a i n  a s  t h e  s u r -  
f a c e  i s  d u c t i l e .  

S u r f a c e  f i n i s h  problems a r i s i n g  from c o a r s e  
machining o r  e v e n  welding, a r e  h i g h l i g h t e d  by t h e  
Dyescan r e m a i n i n g  i n  t h e  r o o t s  o r  v a l l e y s .  T h i s  
could i n d i c a t e  a  change i n  t h e  s u r f a c e  t e x t u r e  
not  d e t e c t e d  by t h e  q u a l i t y  c o n t r o l  d e p a r t m e n t ;  
t h e  welds  would need d r e s s i n g  p r i o r  t o  p e e n i n g  
o r  t h e  s h o t  s i z e  would have t o  be r e d u c e d  t o  
r e a c h  t h e  v a l l e y s .  S i m i l a r l y ,  where t h e  Dyescan 
h a s  been used on t h e  f i r s t  samples  f o r  c o v e r a g e  
d e t e r m i n a t i o n  d u r i n g  i n i t i a l  s e t t i n g  p r o c e d u r e s ,  
a  subsequent  i n c . o r r e c t 1 y  machined p a r t  w i t h  s h a r p  
c o r n e r s  w i l l  s t a n d  o u t  v i v i d l y  u n d e r  U . V .  condi -  
t i o n s  where t!le s h o t  h a s  no t  p e n e t r a t e d  t h e  c o r -  
n e r .  An example i s  g i v e n  i n  F i g .  Kc) ." 4 of t h e  
s h a f t  peened i n  t h e  t h r e a d e d  a r e a  f o r  many y e a r s ,  
bu t  on t h i s  h a t c h  s e v e r a l  p a r t s  had a  poor  t h r e d  
form. T h i s  r e s u l t e d  i n  tlhe ])yescan n o t  b e i n g  r e -  
moved from t h e  r o o t s  and was v i v i d l y  demons t ra ted  
a t  t h e  U/V i n s p e c t i o n  s t a g e .  

Owing t o  t h e  r a p i d  u s e  of st iot  p e e n i n g  on 
chemica l ,  food and brewery p l a n t s  t o  c u r e  s t r e s s  
c o r r o s i o n  p r o b l e m s ,  llyescan c u t s  p r o c e s s i n g  c o s t s  
by d r a s t i c a l l y  r e d u c i n g  t i m e .  Some 
of t h e s e  v e s s e l s  may be  5 ,  1 0  o r  20 m e t r e s  i n  
d i a m e t e r ,  which i n s p e c t i n g  by any o t h e r  method 
would be i m p r a c t i c a l .  An example of what peen- 
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i n g  can do f o r  s t r e s s  c o r r o s i o n  c r a c k i n g  pre -  
v e n t i o n  i s  shown i n  F i g .  15 .  

HCCHANISATION - M e c h a n i s a t i o n  of t h e  p ro-  
c e s s  h a s  been w e l l  demons t ra ted  a s  e s s e n t i a l  f o r  
c o n s i s t e n c y  and t h e  M i l i t a r y  S p e c i f i c a t i o n  13165B 
on Shot  Peening of M e t a l  P a r t s  (1) - t h e  f o r e -  
r u n n e r  of most a e r o s p a c e  peen ing  s p e c i f i c a t i o n s -  
c o n f i r m s  t h i s  by f i r m l y  s t r e s s i n g  t h a t  i t  i s  t h e  
o n l y  approved method.  W h i l s t  manual p r o c e s s i n g  
i s  c a r r i e d  o u t ,  i t  can  o n l ~  be a p p l i e d  where r e -  
l i a b i l i t v  1s no t  n e c e s s a r y  o r  Dyescan T r a c e r s  
a r e  u s e d ,  n o t  a s  a  p e r c e n t a g e  check ,  i . e .  one i n  
t e n  o r  _twer?ty, b u t  100%. Manual work, u n l e s s  - - -  

accompanied by Dyescan must  never  b e  a p p l i e d  t o  
a e r o s p a c e  components where t h e  c o m p r e s s i v e  s t r e s s  
g e n e r a t e d  by t h e  s h o t  peen ing  may be  p a r t  of t h e  
i n i t i a l  d e s i g n  c r i t e r i a .  

A l l  equipment used  must have a  mean of pro- 
p e l l i n g  s h o t  by 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  work, and of mechanica l  means of 
moving t n e  work th rough  t h e  s h o t  s t r e a m  by l i n e a r  
mot ion  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 .  Cssen-  
t i a l l y ,  the equipment must b e  c a p a b l e  of r e p r o -  
d u c i n g  t h e  s h o t  peen ing  p a r a m e t e r s  e s t a b l i s h e d  
d u r i n g  i n i t i a l  t r i a l s  and i n  t h e  p r o v i n g  of r e -  
s u l t s .  

Without  m e c h a n i s a t i o n ,  u n i f o r m i t y  of  cover-  
a g e  and hence u n i f o r m i t y  and c o n s i s t e n c y  of depth 
and magni tude  of c o m p r e s s i o n ,  cannot  b e  guaran-  
t e e d .  

M E D I A  OCALITP - T h i s  i s  an a s p e c t  t h a t  i s  
o f t e n  i g n o r e d ,  b u t  one s o  n e c e s s a r y  i n  m a i n t a i n -  
i n g  t h e  maximum p o t e n t i a l  of t h e  p r o c e s s .  I t  i s  
t h e  shape  and s i z e  of t h e  p a r t i c l e  t h a t  g e n e r a t e s  
t h e  shape  and s i z e  of t h e  i n d e n t a t i o n  and i n s u f -  
f i c i e n t  working of t h e  s u r f a c e ,  a l o n g  w i t h  c u t -  
t i n g  o r  a b r a d i n g  of t h e  s u r f a c e ,  c o n s i d e r a b l y  
r e d u c e s  t h e  peening e f f e c t .  I t  i s  i m p e r a t i v e  
t h a t  o n l y  good media i s  u s e d  and t h a t  s p e c i f i 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  13165B (1)  a f f o r d s  
a n  e x c e l l e n t  s t a r t .  However, i t s  u s e  w i t h o u t  
g r a d i n g  c o n t i n u a l l y  i n  t e r m s  of s i z e  and shape  
w i l l  c a u s e  a  d e t e r i o r a t i o n  i n  t h e  q u a l i t y  of t h e  
s h o t  peen ing  i n  p a r a l l e l  w i t h  t h e  r e d u c t i o n  i n  
t h e  q u a l i t y  of t h e  s h o t .  The media must  be  con- 
s t a n t l y  monitored and g r a d e d  t o  e n s u r e  r e p e a t a -  
b i l i t y .  

CONCLUSIONS 

T h e r e  h a s  been a  need f o r  Dyescan t r a c e r s  f o r  
many p e a r s ,  and t h e  d a t a  b e f o r e  i d e n t i f i e s  t h e  
r e a s o n s  why they  have been  t a k e n  up s o  r e a d i l y  
by i n d u s t r y .  They a r e  n o t  i n t e n d e d  t o  e l i m i n a t e  
10-power g l a s s ,  b u t  compliment i t  by t a c k l i n g  
a r e a s  n o t  e a s i l y  a c c e s s i b l e  o r  n o t  p r a c t i c a l ,  
s u c h  a s  l a r g e  s u r f a c e s  o r  v e r y  hard  s t e e l s .  Con- 
s e q u e n t l y ,  s e v e r a l  major  companies ,  i n ~ l u d i n g  
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SURFACE PEENED SURFACE - - - - - - - - 
OF METAL - TENSION 0 COMPRESSION 

(A) INDUCED COMPRESSIVE AND TENSILE STRESSES IN 
SHOT PEENED METAL WlTH NO EXTERNAL LOAD 

SURFACE 
OF METAL 

(B) STRESSES IN SHOT-PEENED METAL WlTH APPLIED BENDING 
MOMENT 

F I G .  NO. 1 COMIPRESSIVE S T R E S S  INDUCED I R  THE 
SURFACE O F  A SHOT-PEENED BEAM ( A )  PREVENTS 
SURFACE T E N S I L E  S T R E S S E S  FROM OCCURRING AFTER 
A BENDING YOMENT I S  A P P L I E D  ( B ) .  

F I G .  NO. 2 PHOTOMICROPGRAPH SHOWING A S I N G L E  
D I M P L E  I N D E N T A T I O N  THAT R E S U L T S  FROM A 6.4MM 
S T E E L  BALL AT A H I G H  P E E N I N G  I N T E N S I T Y .  
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P I G .  NO. 3 DEPTH OF COMPRESSIVE STRESS VS. 
AMEN INTENSITY FOR STEEL & TITANIUM. 

ULTIMATE TENSILE STRENGTH (PSI) 

I I I I 1 
17 34 43 50 57 

ROCKWELL ' C  SCALE 

F I G .  NO. 5 COMPARISON OF PEENED AND UNPEENED 
FATIGUE LIMITS FOR SMOOTH AND NOTCHED SPECIMENS 
AS A FUNCTION OF ULTLMATE TENSILE STRENGTH OF 
STEEL. 

I I I COMPRESSIVE LAYER I 

F I G .  NO. 4 RESIDLJAL STRESS PRODUCED BY SHOT FIG.  NO. 6 PLATING CR4CRS WTLL NOT PROPAGATE 
PEENING VS. TENSILE STRENGTH OF STEEL. INTO ?RE-STRESSED RASE. 

BASE METAL 1 
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FIG.  N O .  ; CYCLES TO F A I L U R E  
4340 S'TtEZ, -52-53Rc ROTATING BEAV F A T I G U E ,  

lo i loZ lo 1 of 
CYCLES TO FAILURE 

F I G .  NO. 8 S / N  CURVES FOR WELDED BEAK TYPE 
S P E C I M E N S  COMPLETELY REVERSED S T R E S S E S .  

F I G .  NO. 9 F I V E  S P R I N G S  COATED WITH DPESChf*' 
AIL! FOUR P E E N E D  TO SHOW THE CONTRAST UNDER 
Y . V .  C O N D I T I O N S .  
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TEST STRIP A; -7- 

TEST STRIP N'  t 
STRIP SPECIFICATIONS 
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EASE 

FIG.  NO. 11 SATURATION CGRVE 

PARTIAL COVERAGE 

"ANALYSIS OF STOCK-SAE 1070 
COLD ROLLED SPRING STEEL 
SQUARE EDGE NUMBER ONE (ON 3" EDGE) 
FINISH-BLUE TEMPER (OR BRIGHT) 
UNIFORMICY HARDENED AND TEMPERED TO 44-50 RC 
FLATNESS- 2 0015" ARC HEIGHT AS MEASURED 

ON ALMEN GAUGE 

PART OF ORIGINAL SURFACE 
VISIBLE BETWEEN DIMPLES 
DIMPLES NOT OVERLAPPING 

FULL COVERAGE 

COMPLETE DIMPLING OF 
ORIGINAL SURFACE ORIGINAL 
SURFACE COMPLETELY 
OBLITERATED BY OVERLAPPING 
DIMPLES 

FIG.  NO. 10 FIG. NO. !? 
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DYESCAN IN NATURAL 

FIG. 13a FIG. 13d 

FIG. 13b FIG. 13e 

FIG. 13c FIG. 13f 



NON-PEENED SPECIMEN 
FAILED IN 2 MINUTES 

IN SALT SOLUTION 

PEENED SPECIMEN IS 
UNDAMAGED AFTER 12 

DAYS IN SALT SOLUTION 

STRESS CORROSION CRACKING OCCURS ONLY 
IN TENSION STRESSED AREAS CRACKING IS 
PREVENTED WHEN THIN SURFACE LAYER IS 
COMPRESSIVELY STRESSED AS BY SHOT PEENING 

FIG. NO. 1 4  FIG. N O .  1 5  S T R E S S  C O K K O S I O K  I S  MAGNESIUM 


