
Shot peening has long been used to prevent stress corrosion cracking 
of metal parts. A new method eliminates intergranukr corrosion, too. 

The basic advantages of shot peen- 
ing are well known. But engineering 
and monitoring a shot peening proce- 
dure for a particular component is a 
task requiring experience and back- 
ground of a highly sophisticated na- 
ture. No two assignments are exactly 
alike. 

However, this procedure is a lot 
cheaper arid easier than redesigning 
a part to prevent corrosion failure of 
the equipment. 

Metal Improvement Co., sub- 
sidiary of Curtiss-Wright Corp., 
Carlstadt, N.J., specializes in con- 
trolled shot peening to prevent stress 
corrosion cracking, intergranular cor- 
rosion and fatigue failure. 

" Intergranular corrosion and stress 
corrosion have very different causes," 
states Gerald Nachman, president of 
Metal Improvement. "The approach 
to prevention of each is somewhat 
different. 

"We peen the surface in both 
cases, but the peening media is dif- 
ferent as are all the other peening 
factors." 

Susceptibility to intergranular cor- 
rosion in alloy steels such as rype 
304 stainless results from depletion of 
chromium at the grain boundaries at 
t empe ra tu re s  between 1000" to  
1500•‹ F. 

This is referred to as sensitizing of 
the metal. Loss of chromium in the 
surface layer means loss of resistance 
to corrosion. Cracks originate at the 
susceptible grain boundaries. 

What actually happens is that, in 
the sensitizing temperature range, 
one component precipitates as a car- 
bide into the grain boundaries. The 
sensitizing range coincides with the 

service temperature range of much of 
today's processing equipment. 

Fabrication of equipment also usu- 
ally involves welding which acts to 
sensitize the metal in terms of inter- 
granular corrosion. 

For example, a stainless steel pres- 
sure vessel could be subject to in- 
tergranular corrosion for the reasons 
stated. 

"To prevent this," comments Mr. 
Nachman, "we would peen the sur- 
face at a high intensitv to greater 
than  100 pct coverage,  thereby  
breaking up the surface grain bound- 
ary continuity so to speak, so that 
chromium carbide precipitation oc- 
curs in the surface layer and is locked 
in. 

"But this intense peening also hap- 
pens to  prevent stress corrosion 
cracking which is an entirely differ- 
ent mechanism," he added. 

In what ways are they different? 
Stress corrosian cracking can occur 

in a susceptible metal or alloy and it 
has nothing to do with temperature 
sensitization. 

Gerald Nachman 

"Procedures must be 
developed for 
each part." 

I t  is essentially caused by residual 
sr~rface tensile stress, induced by or- 
dinary manufacturing operations 
such as grinding, drilling, threading, 
welding, shrinkfitting and bending, 
pius a corrosive environment. 

The surface tenslie stress creates 
weakened grain boundaries which 
are where the corrown starts The 
res~dua! surrace 5trels cau\lng the 
trouble cannot be measured or ple- 
dicted in any wav 

What controlled shot peening does 
is to change the surface tensile stress 
to residual compressive stress. Stress 
corros~on cracks cannot originalqirr a 
cornpressiveiy stressed iayer. 

Mr. Nachman points out the differ- 
ences in dealing with stress corrosion 
and intergranular corrosion. 

"Controlled peening relates to 
proven procedures we use to prevent 
stress corrosion and fatigue failure. 
Breaking up a surface grain structure 
to prevent intergranular corrosion is a 
somewhat different proposition, re- 
quiririg severe impacting densities." 

Of course, stress corrosion and in- 
tergranular corrosion can occur to- 
gether, each for its own different rea- 
son. 

The result of such dual action is a 
more intensified corrosion problem 
and one that's all the more tough to 
solve unless one is fully aware of the 
origins of the different corrosion 
processes. 

"Uniform depths of induced com- 
pressive stress can only be obtained 
under controlled conditions that pro- 
d r~ce  uniform and consistent cov- 
erage. Procedures and test strips must 
be developed for each part and prop- 
erly documented to insure repeatabil- 

IRON AGE August 4. 1975 



ity," Mr. Nachrnan says. 
"The machines we have to do this 

work are specially designed by us arid 
automatically assure exact repeatabil- 
ity of all parameters. Some machines 
are numerically controlled," he con- 
tir~ues. 

Actually, a peening project is an 
engineering assignment at hletal Im- 
provement Co. 

'Tests are first run on the particular 
item to determine the  correct in- 
tensity, shot o r  head size, peening 
angle and distance necessary to ob- 
tain thc desired surface properties. 

Many test runs are made. Masking 
procedures are determined 

'The company owns and operates 
its own equipment; it does not sell 
the equipment to customers but rath- 
er  processes parts at its own locations. 
Metal Improvement has ten facilities 
in the United States and two over- 
seas. 

In addition, special ~ q u i p m e n t  has 
been tieveloped fur  controlled shot 
peening in the field and this is now 
done ;is a matter of course where a 
large installation is constructed at the 
job site or where equipment has been 
iristailed and  shot peening is an after- 
thought. 

Recently, Rockwell International 
C o r p . ,  C a n o g a  Park ,  Ca l i f . ,  a n -  
nounced that they had licensed Met- 
al Improvement Co. to use the Rock- 
we l l -pa ten ted  t e c h n i q u e  for pre-  
venting intergranular corrosion in 
metal alloys. 

The technique, discovered by sci- 
entists at  Rockwell's Atomics Inter- 
national Div., is an  adaptation of 
cornmonly used shot peening proc- 
esses which increase the  fatigue life 
and prevent stress corrosion c ra~k ing  
of metal parts. 

Rockwell's procws prevent5 both 
types of corrosion damage. 

Does shot peening really constitute 
a major approach to solving the cor- 
rosion problems of industry? 

Controlled peening is a significant 
approach to the corrosion probleni, 
but, as is obvious, corrosion is being 
dealt with in many other ways also. 

Peening does not help prevent cer- 
tain types of corrosion. Peening has 
its advantages; other methods have 
theirs. Most other methods. however, 
involve changing the design and/or 

Electron mlcroqraph of ~ inpeened 1 ype 304 stainless steel sensi t~zed for 24 hours ar 
1250 F shows how carbldp part~cles have been p r~c io l ra ted  along the graln boundary 

The same surface as shown above. but after shot peenlng. Notice that the carbides are 
precipitated randomly throughout matrlx wlthout preierence for grain boundaries. 

t he  material of construction. Shot 
peening deals with a product as i t  is, 
leaving the  design unchanged. It 
treats the  surface only and is really 
not a very expensive approach (:om- 
paratively. 

To date, Metal Improvement Co. 
has done successful shot peening to 
prevent stress corrosion on the fol- 
lowing metals: Copper silicon allovs; 
stainless steels 316, 321, 347; Inconel 
600 arid 802; pipe ID  and OD; In- 
cone1 tubing straight a n d  U-bent;  
also all types of bent and formed tub- 
ing rip to :% in. diam; and high- 
strength steels. 

Shot peening to prevent inter- 

to 4 in. thick, 1 to 2 in. wide and 8 in. 
long were divided into two gro~lps for 
acceierated tests and for standard at- 
mosphere tests. 

Specimens were shot peened all 
over and stressed to 90 pct of yield 
approximately 35,000 psi. 

Results of the  accelerated tests: 
Unpeened specimens lasted 3, 6, and 
8 minutes, respectively. Peened spec- 
imens lasted 24, 41 and 280 hours; in 
fact the latter sample did not fail 
even after 280 hours. 

In standard atmosphere tests, un- 
peened samples failed after 5 days: 
peened samples lasted 52 days, 1.12 
Jays and one sample is still on  the 

granular corrosion has been succrss- roof where tests were conductetl I t  r 

ful on sta1nles5 5teel 301 t ~ w n  there \lnce 1956 
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Shot peening has long been used to prevent stress corrosion cracking 
of metal pa& A new method eliminates intergranukr corrosion, too. 

The basic advantages of shot peen- 
ing are well known. But engineering 
and monitoring a shot peening proce- 
dure for a particular component is a 
task requiring experience and back- 
ground of a highly sophisticated na- 
ture. No two assignments are exactly 
alike. 

However, this procedure is a lot 
cheaper and easier than redesigning 
a part to prevent corrosion failure of 
the equipment. 

Metal Improvement Co., sub-  
sidiary of Curtiss-Wright Corp.,  
Carlstadt, N.J., specializes in con- 
trolled shot peening to prevent stress 
corrosion cracking, intergranular cor- 
rosion and fatigue failure. 

" Intergranular corrosion and stress 
corrosion have very different causes," 
states Gerald Nachman, president of 
Metal Improvement. "The approach 
to prevention of each is somewhat 
different. 

"We peen the surface in both 
cases, but the peening media is dif- 
ferent as are ail the other peening 
factors." 

Susceptibility to intergranular cor- 
rosion in alloy steels such as rype 
304 stairiiess results from depletion of 
chromium at the grain boundaries at 
t empe ra tu re s  be tween  1000" to 
1500" F. 

This is referred to as sensitizing of 
the metal. Loss of chromium in the 
surface layer means loss of resistance 
to corrosion. Cracks originate at the 
susceptible grain boundaries. 

What actually happens is that, in 
the sensitizing temperature range, 
one component precipitates as a car- 
bide into the grain boundaries. The 
sensitizing range coincides with the 

service temperature range of much of 
today's processing equipment. 

Fabrication of equipment also usu- 
ally involves welding which acts to 
sensitize the metal in terms of inter- 
granular corrosion. 

For example, a stainless steel pres- 
sure vessel could be subject to in- 
tergranular corrosion for the reasons 
stated. 

"To prevent this," comments Mr. 
Nachman, "we wouid peen the sur- 
face at a high intensity to greater 
than  100 pct coverage, thereby  
breaking up the surface grain bound- 
ary continuity so to speak, so that 
chromium carbide precipitation oc- 
curs in the surface layer and is locked 
in. 

"But this intense peening also h a g  
pens to prevent stress corrosion 
cracking which is an entirely differ- 
ent mechanism," he added. 

In what ways are they different? 
Stress corrosiqri cracking can occur 

in a susceptible metal or alloy and it 
has nothing to do with temperature 
sensitization. 

"Procedures must be 
developed for 
each part. " 

I t  is essentially caused by residual 
surface tensile stress, induced by or- 
dinary manufacturing operations 
such as grinding, drilling, threading, 
welding, shrinkfitting anql bending 
plus a corrosive environment. 

The surface tensile stress creates 
weakened grain boundaries which 
are where the corrosion starts. The 
residua1 surface stress causing the 
trouble canriot be measured or pre- 
dicted in any way. 

What controiled shot peening does 
is to change the surface tensile stress 
to residual compressive stress. Stress 
corrosion cracks cannot originatqin a 
cornpressiveiy stressed layer. 

Mr. Nachman points out the differ- 
ences in dealing with stress corrosion 
and intergranular corrosion. 

"Controlled peening relates to 
proven procedures we use to prevent 
stress corrosion and fatigue failure. 
Breaking up a surface grain structure 
to prevent intergranular corrosion is a 
somewhat different proposition, re- 
quiring severe impacting densities." 

Of course, stress corrosion and in- 
tergranular corrosion car1 occur to- 
gether, each for its own different rea- 
son. 

The result of such dual action is a 
more intensified corrosion problem 
and one that's all the more tough to 
solve unless one is fully aware of the 
origins of the different corrosion 
processes. 

"Uniform depths of induced corn- 
pressive stress can only be obtained 
under controlled conditions that pro- 
duce uniform and consistent cov- 
erage. Procedures and test strips must 
be developed for each part and prop- 
erly documented to insure repeatahil- 
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it);," Mr. Nachman says. 
"The machines we have to do thi. 

work are specially designed by us and 
automatically assure exact repeatahil- 
ity of all parameters. Some machines 
are numerically controiled," he con- 
tinues. 

Actually, a peening project is an 
engineering assignment at Metal Im- 
provement Co. 

Tests are hrst run on the particular 
1tr.m to determine the  correct ~ n -  
tcnrlt\,  ihot or bead slm, peening 

angle arid d~stance  necessarv to ob- 
taln the desired surface propertley 

Mariv test runs are made Masking 
procedures are determined 

'I'tie rompanv owns and operates 
~ t s  own equipment, ~t does not sell 
the e q u ~ p m e n t  to customer4 b ~ i t  rath- 
e r  procwses parts at ~ t s  own larat~ons 
Metal Improvement has ten iacllitles 
in the I'nlted States and two over- 
\Fa5 

I n  addltlon specral e q u ~ p m r n t  has 
heen (irveioped for controlled shot 
peeniriq in the fleld and this 1s now 
done a matter of course where a 
large instailation is constructed at the 
job site or where ecluipment has been 
installed and shot peening is an after- 
thought. 

Recentiv, Rockweii Internationai 
C o r p , ,  C a n o g a  Pa rk ,  Cal i f . ,  a n -  
nounced that they had licensed Met- 
al ]Improvement Co. to use the Rock- 
we l l -pa ten ted  t e c h n i q u e  for pre- 
venting intergranular corrosion in 
metal alloys. 

The technique, discovered bv sci- 
entists at  Rockwell's Atomics Inter- 
national  Div., is an  adaptation of 
commonly used shot peening proc- 
esses which increase the fatigue life 
and prevent stress corrosion cracking 
of metal parts. 

Rockw~ll 's  process prevents both 
tvpes of corrosion damage. 

Does shot peening really constitute 
a major approach to solving the cor- 
rosion problems of industry? 

Controlled peening is a significant 
approach to the corrosion problem, 
but, as is obvious, corrosion is being 
dealt with in many other ways also. 

Peening does not help prevent cer- 
tain types of corrosion. Peening has 
its advantages; other methods have 
thelrs Most other method\, however, 
involve changing the design and/or 

Electron micrograph of unpeened Tyoe 304 stainless steel sens~ t~zed  for 24 hours at 
1250 F shows how carbide particles have heen prec~pi tated dlong the araln boundary 

The same surface as shown above, but after shot peening No t~ce  that the carbides are 
precipitated randomly throughout matrix without preference tor gratn boundar~es 

t he  material of construction. Shot 
peening deals with a prod~lct  as it is, 
leaving the  design unchanged. I t  
treats the surface only and is really 
not a very expensive approach com- 
paratively. 

'To date, Metal Improvement Co. 
has done successful shot peening to 
prevent stress corrosion on the fol- 
lowing metals: Copper silicon alloys; 
stainless steels 316, 321, 347; Inconel 
600 and 802; pipe I D  and O D ;  In- 
conel tubing straight a n d  U-bent ;  
also all types of bent and formed trrb- 
ing up to % in. diam; and high- 
strength steels. 

Shot peening to prevent inter-  
granular corrosion has been success- 
ful on stainless steel 304. 

One  example of shot peenins a 
2201'4 alurnirturn casting to eliminate 
stress corrosion cracking shows its 
usefulnt:ss. A total of 12 specimens. I 

to 4 in. thick 1 to 2 in. wide and 8 in. 
long were d~viried mto two g r o u p  for 
accelerated tejrs and for standard at- 
mosphere tests. 

Specimens were shot p e n e d  all 
over and stressed to 90 pct of 

Results of the  accelerated t r s t ~  
Unpeenetl specimens lasted 3, 6,  and 
8 minutes, respectlvelv Peened \ p e e  
imens la5ted 24, 41 and 280 hour.;; in 
fact the latter sample did not  fail 
even after 2'10 hours 

In \ t a n d a d  atmosphere test\, uil- 
peened samples failed after 5 & \ s ,  

peened x~rnple \  lasted 52 d a ~ s .  142 
davs and olle rample 15 st111 on the 
roof where tests were conducted. It's 
been there since 1956. 
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