
Prevention of Stress Corrosion Cracking by Shot Peening 

By J. H. Mllo 

The presence of s t ress  corrosion and it6 aseo- 
ciate corrosion fatigue a r e  not 
table. Unfortunately, thie unwelco 
showing up more often and with frequently more 

s than in the past. It is in- 
nt that we devote our effort& 
o r  a t  least control of this 

menace. Of couree, this means confrontation 
of the problem in all it6 a 
fundamental review d cause and effect to the 
final evaluation of applied 
ames, there have been so 
made to show what can be done, 
limits of our current technology, to 
and control thie kind of equipment limitation. In 
this paper, 1 will review some of the recent 
tests and their results along with Borne caae 
histgriee that help to illustrate the of 
surface resalve s t resses  a s  a of 
prevent ees  corrosion cracking. 

While many indue s a r e  faced with the 
need to control o r  e 
the aircraft manufacturers p r  
intimately concerned. A s  is 
case, problems of this n a m e  ar 
in field weung o r  in 

p1e"at did not appear a s  a problem for 
approximately 15,ODO hours of ope 
Figure 1). This ia one of the largest aluminum 
forgings used in a i rc  
700 pounds. The m 
used in the T6 conditi fnal faflure showed 
up a s  a crack origins 
which a bushing is p 
opposing fracture faces a r e  ehown in Figure 3. 
An enlargement d the fracture a 
Figure 4 illuseratee the f laky te 
of stress corrosion. Areas A, B and C were 
c h o s e n  for subsequent examination with an 
electron microscope. The f i rs t  Wo show ~ i e e r l y  
the brittle intercrystalline mode of fafllnre with 
ready evidence of corroeio~producte. The third 
area is one of transition from brittle to ductile 
failure. A survey of the area nenr the faflure 
point showed many other sources of stress 
corrosion cr  a c  ke. The failure could h a v e  
originated from any of several points. 

After careful review of the fracture, a test, 
which will be dea tx ihd  later, w 
Following the test, the decis&n 

e conmolled shot peening 
on holes, and on the surfnce 

adjacent tn them. 

a completely different 
crack apparently had two p 
was a rather massive cr 
through the section, The 
ehown with the two w i n  
crack origina, in F G ~  6. Falbmfng rhe dis- 
covery of the second cracked area, the dc - 'o 
was made to shot 

forging. In 

primarily iniergrm~px'.  his is 
8. The photomicrogrgph .war 

shows the brittle 
In the second, 

stress corrosion failures. (It is well to 
that these component6 had nev 
The failures were a w e d  by 



this ie an important plue -- the addition of 
shot peening to the proceeelq eequence. Of 
course, in thie and in all other examples cited, 
the uee of shot peening automatically Mere  
the use of adequate contxole to ineure m 
benefit. A 8  with all mole and proceeeee, ehot 
peening must be properly utilized and properly 
performed to be beneficial. 

Thie next example of the use of ehot peening 
ieation again cornea 
The p a n  in question 

ie the main land 

and into the 

indication ie shown in 

an enlarnement of the meceedinn Illu@tr.tion. 
Thie defktely ahowe the-flaky app&rnce which 
is characterietic of etreee corrosion. 'Iha arck 

fe thie poeeible. 

material people, rhea8 
originated. Uee of r 
metal proceae inete 

ouble, would help in minim 
difficulties. 

Some recent work tlrur Man done to e t 
prevloue e to elr 
the procelre c o n m  8. 

CONDITIONS 

T6, Press Fit, Faflure in ae 

T73, Shrink Fit, No Failure 

The above & w e  ah 
after exposure to the a te  

Obviowly, tho bnre the T 
dltion would not be s fn a 

aea water- undor BUR 
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d the yield strength of the material. Small 
variation6 were made in the test specimens 
for the vorious test condition& Included in the 
test of s t ress  corrosion influences were welding, 
grindm, drilling, cadmium plnting, and shot 
peening. Residual saess measurement6 were 
made on better than 25 percent of the specimens. 

were made wing X-ray diffraction tech- 
niques. The r e s u l t s  of this comprehensive 
examination are shown in Figure 17. 

This indicates that only one process produced 
immunity to s t ress  corrosion. A l l  others experi- 
enced some degree of failure. Only shot peening, 
of all those evaluated, was 100 percent successful. 
Both the grind to burn and the drill to burn 
samples indicated some improved resistance 
from the oxide layer produced by the machining. 
However, i t  was only iimited improvements. 

I t  is interesting to note that merely the 
presence of tensile stress did not promote 
failure. Figure 18 summarizes the stress picture 
for several of the variables -- note a s  the 
magnitude of the net surface tensile stresses 
increase, the time for failure decreases. It 
clearly shows that under load, even the shot 
peened pieces experienced exposure to tensile 
stress. Although high stresses (approaching the 
yield point) a re  generally needed for stress 
corrosion cracking, frequently stresses that a r e  
small relative to the yield, produce failure. 
Apparently though, there is a critical limit 
below which s t ress  corrosion does not occur. The 
team that did the evaluation set the threshold 
value between 89 ksi and 127 ksi. 

So far we have seen how peening has remedied 
s t ress  corrosion problems in both aluminum 
and in high strength steel. Now we will direct 
our attention to a third metal, titanium -- that 
element so vital to the aerospace industry which 
aSso has i ts  stress corrosion problems, Small 
titanium tank shells used f ~ r  liquid propellant 
were found to fail prematurely ostensibly due 
to material pressuree. On investigation it was 
proven that the failures were not due topressures, 
but to s t ress  corrosion. 

Tests were made for poseible soluticns to the 
problem8 of stress corrosion. Three tanks were 
upred; the first served a s  e. control and was used 

ived -- i t  failed after approximately 
s at  105 F. The second tankwas vibratory 
and failed after approximately 200 hours 

at 103 F. The third tank was nIaes bead ~ e e n e d  
and successfully withstood 720  ours of exposure 
at  105 F? 

In each of the examples cited, whether field 
service originated or  laboratory originated, shot 
peening successfully arrested destructive s t ress  
corrosion. It is a well known fact that cold 
plastic surface deformation converts harmful 
t e n s i l e  surface stresses to c o m p r e s s i v e  
stresses -- it is also evident that in order for 

saess corrosion cracking to occur -- surface 
and sub-surface tensile s t resses  mustbepresent 
Therefore, if the net harmful tensile s a e e s  
can be lowered or  converted to beneficial com- 
preseive stresses failuxes can be mkimized. It 
is important to recognize that the availability 
benefits will only be fully realized if the proper 
control of the process is exercised. The control 
of the shot peening process depends on four 
important variables:- 

Shot Materials 
Shot Size and Uniformity 
Shot Velocity 
Shot Coverage 

These four variables a r e  collectively referred 
to a s  *intensity". Unfortunately, there is at  the 
present time no economic non-destructive means 
for checking the actual part  for its intensity. 
Currently, the only accepted standard is an 
arbitrary one calied the Almen strip. The Almen 
strip is a steel strip 3 inches iongand 3/4 inches 
wide. Its thickness depends on the intensity 
of the specdied peening. This strip is positioned 
eo that it may a s  closely as  possible emulate 
the surface to be peened. The strip Is then 
processed with the peening variables b c 2  rh? 
same value a s  for the part. Since the s u l p  IS 
peened only on one surface, it curves. Thls 
curvarure is measured on an Almen gauge a s  
shuwn in Figure 19. When the strip is fully 
saturated, the arc  height, measured over a 
chord of 1 1/4 in is expressed fn thousandths 
and termed the intensity. You can see from 
this brief description that controls are essential 
in order to maintain any reasonable kind of 
uniformity. 

Just what a r e  the dangers to be considered 
if these controls a re  not maintained? Let us 
look at  the mechanism by which shot peening 
provides this stress corrosion immunity, Simply 
stated, the benefits accrue from the rmposir,~:. 
of a compresaive stress. The r?, :- IL% 
stress must he SLVL ~entiy rrr& i~ ~ 1 1 ~ :  L! yro- 
tection after the appllcatron of rhe servlcr Loads. 
To understand the danvrr, lvok st tt.e typical 
s t ress  pattern produced by Ccr'ilina rshown n 
Figure 20. There is a high coriiivLL: : e  stress 
at the peened surface, incrrastJtv sllu! c!v jus t  
below the surface. it may be nt  I! :I : 8 .  t ,rt 
that the magn~tude of the r t -s iduai  crrtvi, : I  *I\.* 

. . sb-esses induced by shot pi.: ....> . - . I . ~ . .  

of the yield stciigth of the rnaccrl-I. ':! ' : ~ . 1  
of compression decreases as  the ~nvesdgation 
proceeds into the mate1 i d  u~riil 111r p>inr of 
zero s t ress  is reached. Then, the stress changes 
to one that is tensile in nature. A s  has been 
mentioned the benefits of shot peening are due 
to the compressively stressed layer and the 
depth which is induced by the process. The 
depth must be compatible to the thickness of 
the part. A general rule of thumb used, i.e., ". . .the induced surface compressive layer should 
not be greater than 20 to 25 percent of the 
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either be a 
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