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I n t r o d u c t i o n  

Shot peening of metal  sur faces produces d i f f e r e n t  t o p o g r a ~ h i e s  accord ing t o  
t h e  a p p l i c a t i o n .  The s t r u c t u r e  i s  e s s e n t i a l l y  determined by t h e  k i n d  o f  peen- 
i n g  media. However, t h e  hardness o f  t h e  peened metal  and t h e  peening para- 
meters  such as v e l o c i t y  o f  peening media and number o f  sur face c o l l i s i o n s  a r e  
o f  impo r tan t  i n f l uence .  
These r e l a t i o n s  a r e  demonstrated i n  t h e  f o l l o w i n q  survey by s e r i e s  o f  se lec ted  
examples. I n  a d d i t i o n  t h e  1 i m i  t s  o f  sho t  peeninq t reatment  are  discussed. 
The d i f f e r e n t  surface p a t t e r n s  a f t e r  sho t  peening can be shown up d i s t i n c t l y  
by s c a n n i n ~  e l e c t r o n  microscopy. 
A p p l i c a t i o n  o f  round un i fo rm oeenino media produces an un i f o rm  l o o k i n g  sur-  
face. However, i f  the  bead v e l o c i t y  i s  choosen t o o  h i g h  o r  t h e  q u a n t i t y  o f  
sho t  p e r  area and t h e r e f o r e  t h e  coveraae i s  t o o  h iqh,  d i f f e r e n t l y  destroyed 
surfaces a re  produced. Broken p a r t s  o f  t h e  shot  y i e l d  an i r r e q u l a r  furrowed 
peened su r face  which i s  n o t  desired. I f  sharp edoed r e s t s  o f  sho t  a re  present  
i t  i s  p o s s i b l e  t h a t  smal l  o a r t i c l e s  o f  t h e  sho t  remain i n  t h e  psened metal  
surface. 

Peening media and sample m a t e r i a l  used 

From a l a r q e r  number of ~ e e n i n a  media and oeened m a t e r i a l  used. t h e  f o l l o w i v o  
examples were se lec ted:  

Peening media 

ZrO ( Z r )  
A126, (MKE) 
Glass beads (MGL) 
C-Steel (GSR) 
Aust. S tee l ,  g ranu la ted 
A1 , qranu l  a ted 

515 Knoop 2.45-2.t 
450 - 510 HV 7.4-7.8 
415 HV 7.4-7.5 
100 - 120 HV 2.75 

Hardness 
[ k p / m 2 1  

Peened m a t e r i a l :  

Aluminium a l l o y  130 - 150 HV 
Copper a l l o y  80 - 100 HV 
A u s t e n i t i c  s t e e l  200 - 220 HV 

nensi  t y  
[g/cm 1 

Surfaces o f  a1 uminium-a1 l o y s  

The sur face o f  an AlZnMg-alloy shot  Deened by small new q lass  beads i s  shown 
i n  F ig .  1, and a s i m i l a r  surface peened by l a r q e r  new g lass  beads i n  F ig .  2. 
I f  t h e  same a l l o y  i s  peened by q lass  beads, which were i n  ope ra t i on  f o r  a 
l o n a e r  per iod ,  so t he  " r e a l i s t i c "  surface, F iq .  3, i s  produced. I f  t h e  cover-  
age and t h e  peening pressure  i s  increased t h e f a c e  becomes much rouqher and 
more i r r e q u l  a r  and m a t e r i a l  1 ayers become separated from the  m a t r i x  m a t e r i a l ,  
F iq .  4. When t h e  coveracre and t h e  energy o f  t he  q lass  beads i s  f u r t h e r  i n -  
creased, sepa ra t i on  o f  m a t e r i a l  p a r t i c l e s  becomes more d i s t i n c t ,  F ig .  5. The 



- 

F ig .  1: 103: l  412: 1 
peeninq media: MGL 0.18 - 0.3 mm. coveraqe: A* = 1 x  98 %, a i r  pressure:  
p = 1.1 har ,  Almen i n t e n s i t y :  0 . i  N 

Fig.  2 :  5 5 : l  
Peenina media MGL 0.42 - 0.84 mn 
coverage: A* = 2 x  98 %, a i r  pres- 
sure: p  = 0.5 har, Almen i n t e n s i b :  
0.18 A 

surface peened hy c l ean  s t e e l  sho t  
i s  shown i n  F ig .  6. Ry i n c r e a s i n g  
t h e  q u a n t i t y m o t  p e r  area, here  
aga in  a  more i r r e g u l a r  su r face  ap- 
nears, produced hy repeated o l a s t i c  
deformation, F iq .  7. I f  t h e  same 
a l l o y  i s  p e e n e d s t e e l  shot  and 
suhseauent lv hv q lass  beads ( round 

and broken beads i n  water ) ,  a  surface w i t h  r e g u l a r  impr&sions appears caused 
by t h e  s t e e l  shot  and sma l l e r  impress ions i n  i t  produced by t h e  g lass  beads, 
F iq .  8. Th is  peening combinat ion  was choosen t o  c l ean  t h e  aluminium su r face  
f r o m e m a i n d e r s  o f  f e r r i  t i c  s t e e l .  It was n o t  i n v e s t i g a t e d  whether i n c l u s i o n s  
of  t h e  q lass  remained. A new peening media which i s  cominq i n t o  use c o n s i s t s  
o f  ceramic beads (ZrO,). F iq .  9 and 10 show sur faces peened by v i r q i n a l  Z i r -  
conia.  The surface i n  ~ i g m a s  peened w i t h  h ighe r  v e l o c i t y  and i n t e n s i t y ,  
and thus shows l a r g e r  impressions. To demonstrate t h e  l i m i t s  o f  peeninq t r e a t -  
ment w i t h  Z i r con ia ,  a  s e r i e s  was performed s i m i l a r  t o  t h e  q lass  t reatment.  By 
i nc reas ing  v e l o c i t y  and coverage, thus  the  sho t  q u a n t i t y  p e r  area was var ied .  
The exper iments were c a r r i e d  through w i t h  v i r g i n a l  shot,  because no shot  w i t h  
l o n g e r  ope ra t i no  t ime was ava i l ab le .  F ig .  11 and 2 show r e a u l a r  impressions, - b u t  if t h e  v e l o c i t y  and t h e  shot  q u a n t i t y  i s  increased sepa ra t i on  o f  m a t e r i a l ;  
F iq .  13, becomes v i s i b l e  aqain. If t h e  v e l o c i t y  and t h e  q u a n t i t y  i s  increased 
t h e e  of t h e  impressions increases, F ia .  14, b u t  t h e  m a t e r i a l  separa t ions  
a r e  n o t  more d i s t i n c t  than as i n  F ig .  1 3 .  i t  should be i nves t i oa ted ,  i f  
i nc reas ing  enera ies  produce deeper p l a s t i c  deformat ion  and p reven t  an e a r l y  
su r face  damage. 



coverage : A* = 6 x 98%- 

Fig. 4: 54:l 300:l 
Peening media : MGL 0,42 - 0,84 mm air pressure : p = 1,O bar 
coverage : A* = 10 x 98% 

Fig. 5: 54:l 300 : 1 
Peening media : MGL 0,42 - 0,84 mm air pressure , : p = 2,O bar 
coverage : A* = 12 x 98% 



Fig .  7: 54:l 103:l 
peening media : GSR 0,6 mm 
coverage : A* = 6 x 98% 

F ig .  9: 55:l Fig .  10: P 55:l 
peeninq media : Zr  0,42 - 0,85 mm peeninq media : Z r  0,42 - 0,85 mm 
coverage : A* = 2 x 98% coverage : A* = 2 x 98% 
a i r  o ressure  : D = 0.3 bar  . a i r  p ressure  : D = 0.9 bar  . . 
~ l m e n  i n t e n s i t y  : 0,16 A ~ l m e n  i n t e n s i t y  : 0,3 A 



. . . . . .  
peening media : Zr 0,6 - 0,851 m 
coverage : A* = 6 x 98% 

air pressure : p = 0,5 bar 

coverage : A* = 8 x 98% 

- ~eeninq media : Zr 0,6 - 0,85 mm air pressure : p = 2 bar 

peening media : Zr 0,6 - 0,85 m air pressure : p = 3 bar 
coverage : A* = 12 x 98% 



F ig .  15 1OO:l 300:l 
peening media : Z r  0,21 - 0,3 mm a i r  p ressure  : p = 2 bar  
coverage : A* = 1 x 98% 

F ig .  15 shows an i n c l u s i o n  of Z i r c o n i a  p a r t i c l e  i n  an aluminium sur face.  How- 
ever, t h i s  i n c l u s i o n  was n o t  easy t o  f i n d  and i t  was an except ion  w i t h  t h e  
present  Darameters. 

F ig .  17: 1OO:l 
peening media : St-Gr 0,l - 0,2 mm a i r  p ressure  : D = 2 bar  
coverage : A* = 2 x 98% 



To produce r e s i d u a l  compressive s t resses  and t o  s t r a i n  harden sur faces i t  i s  
n o t  always necessary t o  use beads as peening media. F ig .  16 shows an aluminium 
su r face  peened w i t h  granu la ted a1 uminium. I f  t h e  peening parameters a re  v a r i e d  
i n  t h e  wrong d i r e c t i o n ,  i .e .  i n  t h i s  case h ighe r  d e n s i t y  o f  t h e  shot, sma l l e r  
shot  diameter,  h i ghe r  v e l o c i t y ,  t h e  su r face  i s  dest royed and shows a  t o t a l l y  
d i f f e r e n t  pa t te rn ,  F i g .  17, than w i t h  c o r r e c t  cho ice  o f  parameters. 

F ig .  18: 1OO:l 400: 1  
peening media : C-Steel  1,2 mm brush diameter:  d  = 300 mm 
coverage : A* = n  x 98% r o t a t i o n  : n = 1000 mm-' 
F ig .  18 shows an aluminium su r face  t r e a t e d  by  a  peening brush. A f t e r  a  brush- 
i n g  t i m e  o f  one minute  no t y p i c a l  impressions o f  shot  peening a re  v i s i b l e  b u t  
t h e  su r face  shows s l i d i n g  l i n e s  i n  brush ing d i r e c t i o n .  

Surfaces o f  copper a l l o y s  - 

I n v e s t i g a t i o n s  o f  a  copper n i c k e l  aluminium a l l o y  l e d  t o  t h e  acc iden ta l  r e s u l t  
i n  F ig .  19. I n  cas t  copper pa r t s ,  depending on t h e  s ize ,  m ic ro  s h r i n k  ho les  
are  n o t  avoidable.  I n  such s h r i n k  ho les  Z i r c o n i a  beads have s e t t l e d  and were 
hammered i n  by t h e  f o l l o w i n g  beads. F ig .  20 shows a  copper su r face  a f t e r  peen- 
i n g  w i t h  g ranu la ted  a u s t e n i t i c  s t e e l .  S i m i l a r  t o  t h e  s i t u a t i o n  descr ibed i n  
F ig .  17 t h e  peening parameters were choosen t o o  h i g h  and t h e  su r face  becomes 

F ig .  19: 1OO:l 200:l 
peening media : Z r  0,85 - 1,18 mm coverage : A* = 1,2 x 98% 
a i r  p ressure  : p = 1 bar  a i r  p ressure  : p = 3  bar  
Almen i n t e n s i t y  : 0,38 N 



Fig .  20: 1OO;l 300:l 
Peening media : St-Gr 0,l-0,2 mm a i r  pressure : p = 2  bar 
coverage : A* = 1,5 x  98% 

Surface o f  a u s t e n i t i c  s t e e l  

A t  l a s t  some examples from a peening t reatment  of a u s t e n i t i c  s t e e l  are  shown. 
F ig .  21 shows t h e  sur face o f  a u s t e n i t i c  s t e e l  peened by granu la ted a u s t e n i t i c  
s tee l .  The surface, 1  i k e  the  a1 umini um sur face peened by granu la ted a1 umini um, 
l ooks  r e o u l a r  and undamaged. Here t h e  parameter combinat ion was co r rec t .  

I f  the  g lass shot  con ta ins  broken p a r t s  o r  i f  t h e  p lass  breaks due t o  h ighe r  
v e l o c i t i e s ,  g lass  p a r t i c l e s  i n t r u d e  i n  t he  a u s t e n i t i c  s tee l .  The i r r e g u l a r  
sur face p a t t e r n  i s  shown i n  F i g .  22. By back s c a t t e r  e lec t rons  t h e  dark embed- 
dinqs o f  S i l i c o n  p a r t i c l e s  a m  v i s i h l e ,  F ig .  23, and are  conf i rmed by an 
energy d i s p e r s i v e  x-ray ana lys is .  

F iq .  24 demonstrates t h e  sur face o f  an a u s t e n i t i c  s t e e l  which was t o  be c lean-  
ed'by an ab>asive sho t  (A1,O ) and a f t e r  t h a t  should q e t  a  t y p i c a l  peening 
s t r u c t u r e  by Z i r c o n i a  shot. d i t h  t h i s  parameter combinat ion i t  was found t h a t  
t h e  former embeddings o f  sharp corundum remained i n  t he  su r face  and were n o t  
removed by the  f o l l o w i n g  peening treatment.  

1OO:l 300:l 
=media : St-Gr 0.2-0.4 mm a i r  ~ r e s s u r e  : D = 2  bar 
coverage : A* = 1,2 x  98% 



F ig .  22: 1OO:l 300:l 
peening media : MGL 0,l - 0,3 mm a i r  p ressure  : p  = 2 bar 
coverage : A* = 2 x  98% 

F i  . 23: 600:l 600:l 
S i l i c o n  i n c l u s i o n s  ( b l a c k )  Energy d i s p e r s i v e  x - ray  ana l ys i s  
by back s c a t t e r  e l e c t r o n  o f  S i l i c o n  

s e c t i o n  o f  F ig .  22 

Fig .  24: 300: 1 300:l 
peening media : MKE 0,06 - 0,l mm A1 o  i n c l u s i o n s  by back 

+ Z r  0.15 - 0.21 mm s c g t t e r  e l e c t r o n s  
coverage : A* = i,2 x  98% a i r  p ressure  p  = 2 bar  


