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ABSTRACT 

Using t h e  a l l o y  AlZn4.5Mg2 a s  an example, t h e  i n f l u e n c e  of s h o t  peening on t h e  
s t r e s s  c o r r o s i o n  r e s i s t a n c e  and c o r r o s i o n  f a t i g u e  behav ior  was i n v e s t i g a t e d .  

Welded t e n s i l e  t e s t  samples of t h e  a l l o y  were s h o t  peened w i t h  g l a s s ,  s t e e l  and 
(ceramic beads a s  w e l l  a s  g r a n u l a t e d  Aluminium m a t e r i a l .  The samples were 
t e s t e d  i n  2% and 3.5% NaCl-solut ion f o r  s t r e s s  c o r r o s i o n  r e s i s t a n c e .  With g l a s s ,  
s t e e l  and Grana l ,  a s i g n i f i c a n t  improvement o f  l i f e  over  60 days wi thou t  
Eracture was ach ieved  i n  t h e s e  t e s t s .  

17urthermore, a s i g n i f i c a n t  improvement of t h e  c o r r o s i o n  f a t i g u e  behav ior  i n  2% 
NaCl was achieved.  For  b e t t e r  unders tand ing  t h e  mechanism invo lved ,  t h e  
r e s i d u a l  compressive s t r e s s e s  were measured by X-ray methods. The i n d i v i d u a l  
r e s u l t s  of t h e  s t r e s s  and f a t i g u e  c o r r o s i o n  t e s t s  and t h e  e f f e c t  of peening w i l l  
be d i s c u s s e d .  
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INTRODUCTION 

l'lrc resl l lLs of  the  s t r e s s  c o r r o s i o n  t c s t s  on welded AlZn4.5Mg2 (ex t ruded  s h e e t ,  
4 mni t h i c k )  pccned wi th  g l a s s  bends were r e p o r t e d  a t  t h e  f i r s t  confe rence  
(W. Koehler ,  1981). With opt imized paramete rs  and Almen i n t e n s i t y  of 0.16 A2 m 
a s i g n i f i c a n t  improvement of s t r e s s  c o r r o s i o n  r e s i s t a n c e  was ach ieved .  I n  
a d d i t i o n  t o  t h e s e  exper iments ,  f u r t h e r  peening m a t e r i a l s  w i t h  d i f f e r e n t  ha rdness  
and d e n s i t y  such as  s t e e l ,  ceramic and g r a n u l a t e d  Aluminium were i n v e s t i g a t e d .  

The aim of t h e  exper imenta l  work was t o  f i n d  t h e  most s u i t a b l e  peening m a t e r i a l  
and t h e  b e s t  pa ramete rs  t o  p reven t  s t r e s s  and f a t i g u e  c o r r o s i o n  on welded seams 
a s  w e l l  a s  t o  e s t a b l i s h  a  b a s i s  f o r  t h e  u s e  of t h e  h i g h  s t r e n g t h  o f  t h e  a l l o y  
AlZn4.5Mg2 f o r  welded s t r u c t u r e s .  
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SHOT PEENING MATERIALS AND TREATPENT 

For s h o t  peening,  f o u r  d i f f e r e n t  peening m a t e r i a l s  were used ( s e e  Table 1 ) .  

- Glass beads were used i n  t h e  f i r s t  p a r t  of t h e  i n v e s t i g a t i o n  (W.  Koehler ,  
1981). 

- S t e e l  s h o t  produce h i g h  Almen- in tens i t i e s ,  b u t  have t h e  d i sadvan tage  t h a t  
a f t e r  peening t h e  aluminium s u r f a c e  has  t o  be c leaned  by wet peening wi th  g l a s s  
o r  e t c h i n g  t o  remove t h e  i r o n  p a r t i c l e s  from t h e  s u r f a c e  whi.ch wou1.d o t h e r w i s e  
cause p i t t i n g  c o r r o s i o n .  

- The ceramic beads c o n s i s t  of Zr02 and S i02  w i t h  h i g h  hardness .  They have a  
longer  l i f e  t ime d u r i n g  peening than  g l a s s  beads (N. Niku-Lari,  1981).  

- Aluminium (Granal  S 120) c o n s i s t s  o f  g r a n u l a t e d  c a s t  Aluminium a s  i t  i s  used 
f o r  s u r f a c e  t r ea tment  of l i g h t  meta l s .  

TABLE 1 Shot  Peening M a t e r i a l  

peening m a t e r i a l  p a r t i c l e  4 hardness  HV d e n s i t y  
nun K~ /mm2 g/cm3 

g l a s s  0.15 - 0.25 457 2.5 

g l a s s  0.42 - 0.84 457 2.5 

s t e e l  0.50 - 0.70 455 7.9 

s t e e l  3.15 - 3.50 4 80 7.9 

ceramic ER 120 0.42 - 0.85 800- 1000 3.9 

aluminium 1.20 - 1.80 90-130 2.7 

The s h o t  peening t rea tment  was performed a t  t h e  I n s t i t u t e  of Metal Forming, 
P r o f .  R. Kopp, Aachen, i n  compressed a i r  chamber. Welded (MIG-method) t e n s i l e  
t e s t  samples of t h e  a l l o y  AlZn4.5Mg2 s t a t e  T6 (HV = 125-150 ~ ~ / r n m ' )  w i t h  4 nm 
t h i c k n e s s  were s h o t  peened on a l l  s i d e s  w i t h  de f ined  paramete rs .  To guaran tee  
t h a t  t h e  s u r f a c e s  were h i t  v e r t i c a l l y  by t h e  peening m a t e r i a l s ,  t h e  f l a n k s  of 
t h e  weld seams were a d d i t i o n a l l y  peened a t  an a n g l e  of 70°. 

Samples peened w i t h  s t e e l  were a d d i t i o n a l l y  wet peened w i t h  g l a s s  beads o f  
0.25 - 0.42 + mm and Almen i n t e n s i t y  of 0.2 N2 mm t o  remove t h e  i m p u r i t i e s  from 
t h e  aluminium s u r f a c e  and t o  p reven t  p i t t i n g  c o r r o s i o n .  Table 2 shows t h e  
d i f f e r e n t  peening t r e a t m e n t s  and t h e  dep th  of roughness on t h e  aluminium 
s u r f a c e .  

The roughness depends p r i m a r i l y  on t h e  type  o f  peen ing  m a t e r i a l  used.  The 
roughness i n c r e a s e s  w i t h  t h e  Almen i n t e n s i t y  concern ing  t h e  ceramic m a t e r i a l .  

RESIDUAL STRESSES 

The r e s i d u a l  compressive s t r e s s e s  caused by s h o t  peening on t h e  s u r f a c e s  were 
measured by X-ray methods (W. Koehler  and B.  S c h o l t e s ,  1983).  Elajor r e s u l t s  
a r e  shown i n  F i g .  1 f o r  s t e e l  peened and i n  F ig .  2  f o r  ceramic and aluminium 
peened samples. For  t h e  samples peened w i t h  s t e e l  s h o t  of 0 .7  mm $I, t h e  maximum 
r e s i d u a l  s t r e s s  l i e s  about  0 . 1  mm under  t h e  s u r f a c e .  I t  i s  s u r p r i s i n g  t h a t  
t h e  sample w i t h  double s u r f a c e  coverage shows lower va lues  of compressive 
s t r e s s e s  than  t h e  sample w i t h  s i n g l e  s u r f a c e  coverage.  Th is  i n d i c a t e s  t h a t  t h e  
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TABLE 2 Depth of Roughness 

peening m a t e r i a l  peening parameter  
Rt Ra 

4 i n  mm C DJ I [mm ~ 2 1  [ilm] [umJ 

s t e e l  0.5 - 0 .7  4 9 8 
+ g l a s s  (wet) 2 x 98 

s t e e l  3.15 - 3.5 4 9 8 
+ g l a s s  (wet) 2 x 98 

ceramic 0.42 - 0.85 4 9 8 
2 x 98 
9 8 
2 x 98 

aluminium 1.2 - 1.8 4 9 8 
2 x 98 

C = coverage,  I = i n t e n s i t y  

optimum peening i n t e n s i t y  h a s  been exceeded and a f a t i g u e  p rocess  has  caused a 
s l i g h t  decrease  i n  compressive s t r e s s .  (S. S. B i r l e y ,  1972).  

Depth in rnrn 

F ig .  1 Res idua l  s t r e s s e s  a t  s t e e l  peened samples 

For  t h e  samples peened w i t h  s t e e l  s h o t  of 3.5 mm 4,  a pronounced maximum of 
compressive s t r e s s e s  was measured between 0 . 1  and 0.5 mm and a s t r e s s  p e n e t r a t i o n  
dep th  of 1 .0  mm. 

The samples peened w i t h  ceramic beads show t h e  maximum compressive s t r e s s e s  t o  
be about  0 . 1  mm and t h e  p e n e t r a t i o n  dep th  0.7 mm. 

Samples peened wi th  aluminium show t h e  maximum compressive s t r e s s  a t  0.25 mm. 
The s t r e s s  p e n e t r a t i o n  dep th  of 0 . 7  mm i s  s u r p r i s i n g  compared wi th  t h e  low 
Almen i n t e n s i t y  of 0.085 A2 mm. The measured c h a r a c t e r i s t i c  va lues  of s t r e s s  
a r e  l i s t e d  i n  Tab le  3. For  comparison, t h e  t a b l e  c o n t a i n s  a l s o  t h e  former 
measured va lues  f o r  g l a s s .  
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Depth  in mm 

Fig.  2  Res idua l  s t r e s s e s  a t  Aluminium and Ceramic peened samples 

TABLE 3  Measured C h a r a c t e r i s t i c  Res idua l  Compressive S t r e s s 2  

peening 
m a t e r i a l  

s t e e l  

s t e e l  

s t e e l  

ceramic 

aluminium 

aluminium 

g l a s s  

g l a s s  

s u r f a c e  max. 
s t r e s s e s  s t - resses  
[.~/mm'J [ ~ / r n m ~ J  

p e n e t r n t .  
depth of depLll of 

max. s t r e s s  s t r e s s e s  

rlmi ~.mml 

STRESS CORROSION TESTS 

The s t r e s s  c o r r o s i o n  t e s t s  were c a r r i e d  o u t  under  c o n s t a n t  load i n  i n d i v i d u a l  
c o r r o s i o n  t e s t  d e v i c e s .  The loads  were a p p l i e d  by t ens ioned  h e l i c o i d a l  s p r i n g s .  

As c o r r o s i o n  medium a 2Z NaCl and 3.5% NaCl-solut ion w i t h  0.5% Na2Cr04 ( a s  
c o r r o s i o n  i n h i b i t o r  a g a i n s t  e x f o l i a t i o n )  wi th  pH = 3  was used. The loads  were 
75% of t h e  y i e l d  s t r e n g t h .  

For  comparison, unpeened samples were t e s t e d  f o r  s t r e s s  c o r r o s i o n  r e s i s t a n c e .  
The average l i f e  i n  t h e  s t r e s s  c o r r o s i o n  t e s t  of t h e s e  samples u e r e  8 days i n  
3.5% NaCl and 20 days i n  2% NaC1. The c r a c k s  i n  a l l  samples proceeded a long  t h e  
border  of t h e  weld seam. The samples cracked because of so -ca l l ed  "weld seam 
boundary cor ros ion"  (H. Cord ie r  e t  al., 1977; M. P i r n e r ,  1975) a s  i t  i s  known 
from AIZn4.5PIgl. Samples which were s h o t  peened wi th  t h e  d i f f e r e n t  peening 
m a t e r i a l s  showed a  s i g n i f i c a n t  i n c r e a s e  of l i f e  i n  t h e  s t r e s s  c o r r o s i o n  t e s t  
( see  F ig .  3 ) .  

The samples peened w i t h  s t e e l  s h o t  of 0 .7  $ and 3.5 Q mm p l u s  wet g l a s s  beads 
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Steel Ceramic 
0,7@ 0,850 
+Glass 
0,22 031 0,3 

3.5 % 
NaCl 

Fig.  3  Average l i  Ee of PlIG-welded samples i n  s t r e s s  c o r r o s i o n  
t e s t s  w i t h  d i f f e r e n t  s h o t  peening t rea tment  

reached l i v e s  of more than 60 days i n  2% NaCl. Samples peened w i t h  aluminium 
q l s o  s u r v i v e d  f o r  more than  60 days i n  3.5% NaCl wi thou t  c racks .  Th is  means f o r  
the aluminium peened samples,  a  l i  f e  improvement of more than 8 t i n e s  a s  
compared w i t h  t h e  unpeened samples.  

Ceramic peened samples achieved on ly  average  l i v e s  between 6 and 25 days i n  
3.5Z NaCl depending on t h e  Almen i n t e n s i t y .  

'The unbroken samples were taken from t h e  t e s t  dev ice  a f t e r  60 days and t h e  
r e s i d u a l  s t r e n g t h  was determined.  The s t r e n g t h  proved s t i l l  t o  be s u f f i c i e n t  f o r  
a l l  samples.  

CORROSION FATIGUE TESTS 

Under c y c l i c  loads  i n  c o r r o s i o n  media, t h e  weld seams of AlZn4.5Mg2 may be 
s u s c e p t i b l e  t o  c o r r o s i o n  f a t i g u e .  There fore ,  t h e  i n f l u e n c e  of s h o t  peening on 
c o r r o s i o n  f a t i g u e  was i n v e s t i g a t e d .  The t e s t s  were made on a hydropulse  machine 
a t  C r ~ q u c n c y  of 15 Ilz and R = amin/amax = 0.1. During t h e  t e s t s ,  t h e  samples 
v c r e  surrounded by a c y l i n d e r  c o n t a i n i n g  2% NaCl s o l u t i o n  w i t h  a  pH of 4 
~ u f f e r e d  by sodium a c e t a t e .  

4 t  f i r s t ,  unpeened samples and then  samples s h o t  peened w i t h  ceramic beads w i t h  
I = 0.14 and 0.24 A2 nm, aluminium w i t h  I = 0.055 A2 mm and g l a s s  w i t h  I = 0.16 
were t e s t e d ,  The WGhler curves  a r e  shown i n  F i g s .  4 ,  5  and 6. By s h o t  peening 
wi th  ceramic,  g l a s s  and a l s o  aluminium, an improvement of t h e  f a t i g u e  c o r r o s i o n  
31 more than  an o r d e r  of magnitude was ob ta ined  compared w i t h  t h e  unpeened 
samples. For  comparison, F ig .  5  a l s o  c o n t a i n s  t h e  Fa t igue  s t r e n g t h  i n  a i r  of 
samples s h o t  peened w i t h  aluminium. 

No s i g n i f i c a n t  d i f f e r e n c e  e x i s t s  between t h e  two peening paramete rs  o f  t h e  
samples peened w i t h  ceramic.  The improvement i n  f a t i g u e  c o r r o s i o n  i s  p robab ly  
compensated by t h e  i n c r e a s e  i n  roughness from Rt = 18.5 t o  Rt = 36.8 pm. 

The g l a s s  peened samples showed t h e  lowest  s c a t t e r  i n  t h e  r e s u l t s  of t h e  
cor ros ion  f a t i g u e  t e s t s ,  F ig .  6. 

DISCUSSION 

For t h e  welded h i g h  s t r e n g t h  a l l o y  AlZn4.5Mg2, which can e x h i b i t  a h i g h  
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Fig.  4 Cor ros ion  f a t i g u e  behav ior  i n  2% NaCl of unpeened and ceramic 
peened (o  I = 0.14 m; x I = 0.24 mm A2)  MIG-welded samples 

F ig .  5 Cor ros ion  f a t i g u e  behav ior  i n  2% NaCl of aluminium 
(I = 0.085 mm A2) peened MIG-welded samples 

105 106 
Cycles t o  fa i lu re  

Fig .  6 Cor ros ion  f a t i g u e  behav ior  i n  2% NaCl of g l a s s  peened 
(I = 0.16 mm A2)  MIG-welded samples 
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s e n s i t i v i t y  t o  s t r e s s  c o r r o s i o n  i n  t h e  s t a t e  T 6, i t  was shown t h a t  s h o t  peening 
i i g n i f i c a n t l y  improves t h e  s t r e s s  and f a t i g u e  c o r r o s i o n  behav ior .  By means of 
sho t  peening w i t h  s t e e l ,  l i v e s  of more than  60 days wi thou t  c rack  i n  t h e  s t r e s s  
cor ros ion  t e s t  were ob ta ined .  The d i sadvan tage  of s t e e l  s h o t  i s ,  however, t h a t  
hecause of t h e  remaining con tamina t ion  on t h e  aluminium s u r f a c e ,  an a d d i t i o n a l  
peening t rea tment  w i t h  wet g l a s s  ('I'MSH-method) f o r  c l e a n i n g  i s  necessa ry .  

By peening w i t h  ceramic beads ,  on ly  a  smal l  improvement i n  s t r e s s  c o r r o s i o n  
r e s i s t a n c e  i n  s p i t e  o f  h igh  Almen i n t e n s i t i e s  was achieved.  The h i g h  s u r f a c e  
1-oughness i s  p robab ly  r e s p o n s i b l e  f o r  t h e  low r e s u l t .  The peening m a t e r i a l  
con ta ined ,  i n  a d d i t i o n  t o  t h e  s p h e r i c a l  beads ,  a  p o r t i o n  of l o n g i s h  p a r t i c l e s  
which b reak  d u r i n g  peening and caused s h a r p  no tches  i n  t h e  s u r f a c e .  

At p r e s e n t  b e t t e r  s o r t e d  ceramic beads w i t h  l e s s  than  0.5% unround p a r t i c l e s  
a r e  a v a i l a b l e ,  s o  t h a t  by s h o t  peening w i t h  t h e s e  new beads b e t e r  r e s u l t s  w i l l  
be expec ted .  

Samples peened w i t h  aluminium achieved l i v e s  of more than  60 days i n  s p i t e  of 
t h e  low Almen i n t e n s i t i e s .  The almen i n t e n s i t y  i s  probably u n s u i t a b l e  a s  a  
measuring u n i t  f o r  peening m a t e r i a l s  w i t h  low hardness .  The impact mechanism 
of t h e  soEt  aluminium i s  q u i t e  d i f f e r e n t  from s t e e l ,  ceramic o r  g l a s s .  Th i s  
seems t o  be r e s p o n s i b l e  f o r  r e l a t i v e l y  h igh  compressive s t r e s s e s  i n  s p i t e  of low 
Almen-intens i t i e s  . 
At t h e  p r e s e n t  s t a t e  of knowledge f o r  improvement i n  s t r e s s  c o r r o s i o n  of 
Aluminium, g l a s s  beads and g r a n u l a t e d  aluminium ( ~ r a n a l )  a r e  t h e  most s u i t a b l e  
peening m a t e r i a l s ,  Shot  peening w i t h  ceramic,  aluminium and g l a s s  a l s o  
i n c r e a s e d  t h e  c o r r o s i o n  f a t i g u e  behav ior .  The i n c r e a s e  f o r  a l l  m a t e r i a l s  i s  of 
the same o r d e r  of magnitude. Almen- in tens i t i e s  between 0.15 mm and 0 . 3  mm A2 
seem t o  be enough f o r  a  b e n e f i c i a l  e f f e c t .  

The b e n e f i c i a l  e f f e c t s  of s h o t  peening on c o r r o s i o n  behav ior  depends on v a r i o u s  
f a c t o r s .  Peening produces a  deformed s u r f a c e  l a y e r  w i t h  i n c r e a s e d  hardness .  
The g r a i n  boundar ies  d i r e c t l y  on t h e  s u r f a c e  a l s o  become smeared. I n  a d d i t i o n ,  
compressive r e s i d u a l  s t r e s s e s  a r e  induced i n  t h e  s u r f a c e .  The v a l u e  of t h e  
compressive s t r e s s e s  depends upon t h e  ha rdness  of t h e  peening m a t e r i a l s .  The 
p e n e t r a t i o n  dep ths  of s t r e s s e s  i n c r e a s e  w i t h  impress ion  d iamete rs  (K.  P. Hornauer, 
1982) which depends on t h e  d iamete r  and v e l o c i t y  o f  t h e  beads and t h e  y i e l d  
p o i n t  of t h e  peened s u r f a c e .  

T l e s e  i n v e s t i g a t i o n s  were sponsored by t h e  E l in i s t ry  of Defense. 

REFERENCES 

B i r l e y ,  S. S.,  J .  Morton and J. F. Alder  (1977) Conf. Res idua l  s t r e s s e s  i n  
\dell tlctl C o n s t r t l r ~ i o n  nncl ~ h c i  r J ? f f e c t s ,  IJclding Ins-L. , London, 185. 

C n r d i c r ,  [ I . ,  PI. Scl l ippers  and J. Polmear (1977) 2. J. Metallkunde, 68, 280. 
Hornauer, K O  P. (1982) Dr. I n g .  D i s s e r t a t i o l z ,  RlJTH Aachen. 
Koehler ,  W. (1981) F i r s t  I n t .  Conference on Shot  Peening,  P a r i s ,  Pergalnon 

P r c s s  ( l 9 8 2 ) ,  493. 
Koehler ,  W. and B. S c h o l t e s  (1983) DGN Conference "Resi&daZ-Stresses" 

K a r l s r u h e  . 
NI ku-Lari ,  A. (1981) CETIM-Inforvxztions No. 62, 69. 
Pi r n e r ,  Pi. and H. B i c h s e l  (1975) EktalZ, 29 ,  275. 


