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Shot Peening Prevents Stress 

Cracking in Aircra nrt 

ILE MANY INDUSTRIES are 
faced with the need to control or elimi- 
nate stress corrosion, aircraft nianufac- 
lurers are the most i n t i m a t e l y  con- 
c e r n d  Recently, there have been some 
definitive studies made to show what 
can be done, within the limits of eun-ent 
technology, to underatand and control 
this kind of equipment  failure. This 
paper dimsses some recent testa and 
their results, dong with case histories 
that help to illustrate the effect of shot 
peening as  a means of preventing stress 
comsion cracking. 

Aluminum For- 

Figwe I is an example that did not 
appear as a problem for approximately 
16,000 hours of operation. It is one of 
the hrgest aluminum forgings used in 
aircraft, weighing approximately 700 
Ibs. Part of the main landing gear fit- 
ting, the material is 7075 used in the 

Figure 1-The ori inal failure of thr forpfna 
in the main irnl ing gear fitting a 
IS a crack starting in  a trv~union hole into 
which a bushing is pressed. The eorrodon 
did not apprar for rpproximately 15,600 

hours. 

wtel if the surrfum b streaseca" and 

over SO years to pr<$ksent falime fad- 
urea of mietd pnrb, inxiwces an ex- 
tremelg high r e a t d u a l  c o m p r e s s i v e  
stress in the surface. The yyropev eon- 
tmls of shot peenkg  are a n  important 
aspect in obtaining the full b e ~ f i t a .  
The author dkusscra t h ~ a e  con tds ,  but  
no t  before pesenldmg ngecent tests and 
their rendts, a h g  with ease hieholies 
that  help to iUmtrate ahat peexing as 

a mans of preventing waclcng. 

T6 condition. Original failurn appearad 
as  a crack starting in a trunian hole 
into which a bushing is pressed. The 
opposing fmcture faces are ahawn in 
Figure 2. Three areas were chosen for 
subsequent examination with an elec- 
tran mieraseope. 

The first two showed c lea r ly  the 
brittle intercrystalline mode of failure 
with ready evidence of corrosion grod- 
ucta. The third area was one of transi- 
tion from brittle to ductile failure. A 
survey of the area near the failure 
point showed many other sources of 
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s t r e s s  corrosion cracks. The failure 
could have originated from any of sev- 
eral points. 

After careful study of the fracture, 

Fipura &-This 
to have two 

Ihr 

the decision was made to requive con- 
trolled shot peening on all new parts 
before putting them in senrice. 

another problem, 
careful inspection uncovered a crack in 
a different uu (nee Figure 8). The 
massive crack, extending completely  
through the aection, appnrently had two 
points of origin. Fol lowing the din- 
covery the deejnion an made to shot 
peen all surfaces of finished forgings. 
In addition, forgings already in m i c e  
were shot peened in place to avoid a 
diffiult and involved removal pmce- 
dure. 

W h #  spar 
The next example, a 

wing spar, precipitated 
peening program. The component was 

8 f t  in length with a 
on a t  the wide& end, 

to a p p m b b l y  1% 
inches a t  the narrower end. Seetion 
thickness varied from appro 
0.125 to 0.060. Material was 
aluminm and originated as  a forging. 

This the at- 
tention 

that appmently had occurred during 
anodizing. During the Wleventiga.Eion, 

noted in the 
e r e  cloaely 
woe made to 
to 
wn 

all the parts fo rmed  from 7079-T6. 
Many were found to have s imi la r ly  
cracked areas. Sections taken through 
the cracks shuwad them to be k i ~ ~ H Y  
intergranular. This is shown in Figure 4. 

Figures 6 and 6 are electron f re to -  
graph. The fitst of these shown the 
brittle, intergranular mode of failure. 
In the second, grain boundary oxidrrtion 
is evident. Undoubtedly them ware 
stress corrosion failurn. (It  is well to 

a t  these componmU had 
never seen service). 

The failures were caused by lack of 

benefit, 

lablo 1-Test to 
the Ahnr 

A~L A 
T6, pmn fit I'eriuru m 120 lur 
T73. press M No IsJu,e 
76, h n k  I3 t d u r e  m 120 hr1 
T73, h n k  fit No fmlvre 
T6, p n n  I%, a d t a e d ,  hakd 
Iluld, rrdrtant yrlnrr Taillire in 216 hn 
16. D , ~ S  I ~ L  shot ~rrienolr NO e t b m  

le of the use of shot 
peening in a stre 
tion elno m a  from the 
duntry. The put 
gear cykder  of a 
It in a forghg made from 7076-T6 alu- 
mlnum. Approximately 100 units fmm 
the vandor were put into service with 

strut flattened. A crack could be Been 
m i n g  the length of the cylinder and 
into the tamion hole. Another cylinder 

tion. 

Figure 7 is a ph 
through the cylinder. Ihe surEsce was 
etched to bring out the forging linoa; 

approached in steps, with the crack 
m o m  each time from a 

mensiona in some of the bored holes. 
Only through careful control of the 
peening &able8 wae this possible. 

were all field fail- 
ures. Had the 

in the hands of the dosi 

6 get out-of trouble would help in 
minirniting service d iS ic~Ik ie~,  

porting previous e 

trdlled conditions. 

ne test evaluated the 
to and the effec"liuenese in pmventing 
strena curroeion in aluminum bores haw 
ing steel sleeves. The ring material was 
70'75 i n  both t h e  T6 and  t h e  T73 
tempers. 

Table 1 ahows the test npm' wnens 
after exponure to the alternate imner- 
sion cycling. The surface corrosion 
clearly indicates the asrverily of the test 

psnying validity of the 
stress corroaion results. 

Obviously, the bare m s h ~ i ~ r  in the 
T6 condition would not be saktisfuelory 
in a stress corrosion npplication. Pro- 
tective coatings do little better, if for 
no other reason than their susceyl~blirty 
to suriace damage. Shrink or interfer- 
ence fit made no a p p a r e n t  cliflerence. 
The only two means that prc3dured irn- 
munity to stress corrosion failure were 
the T73 heat treat or shot pwening. 
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With the T73, though, temper would in- tions to stress corrosion. Three tanks telmity. Evidently controls are esaentxal 
ina loss in strenath. were wed; the first ed as a control in order to nrrtirrLain urrifo~mity. - 

of the field-gathered in- 
formtion euwentmtes on a luminum,  

ot limited 
~trea@;Eh 

tical eon- 
the inilu- 

tank was vibratory 

third tank wrrrr 
720 hours of es- 

posure a t  105 F.' 

aratively little difficulty with stress 
carmsion failures. 

m i l a b l ~ ,  they are tested to determine 
their susceptibility to stress cormion. 
Rscently examined wars the HP 94-46 
alloy produced by public Steel. Stress 
coimdon testing was done using alter- 
nate imn~ersion in synthetic sea water 
undrr aruslained load of 80% of the ma- 
terial's yield strength. (Small variations 
were made in the test smcimcns for 
other test conditions.) Included in the 
test of stress corrosion influences were 
welding, grinding, drilling, cadmium 

and s h o t  peening. Residual 
stress m e a s u r e m e n t s  on better than 
2 5 6  of the slscimene were made using 
X-ray diffraction techniques. 

The results indicate that only one 
process produced immunity to stress 
comaion. All others experienced some 
degree of failure. Only shot peening 
was 100% s~ccesaful. Both the grind- 
to-burn and the drill-to-burn samples 
iniPicated some improved r e s i s t a n c e  
from the oxide layer produced by the 
machining. However, these were only 
limitd improvements. 

It is interesting to note that merely 
the presence of tensile stress did not 
promote failure. A stress diagram for 
several of the variables notes that as  
the magnitude of the net surfme ten- 
sile stresees increase, the time for fail- 
ure decreases. Under load, even the shot 

known fact that cold plastic suiface 
conveJrCs harmhl tensile 

ses to comprcs~ive stremes, 
It is also evident that for stress corro- 
sion cracking to oerur, su~faee and sub- 
rurfnce lendle str.essos must be present. 
Therefore, if the net hamfuiil tensile 
stress can he lowered or converted to 
beneficial compressive stresses, failures 

. The benefits will only 
if the proper control 

of the process is exercised. The control 
of the shot peening prbcerc depends on 
four important variables: shot mate- 
rials, shot size and uniformity, shot 
veloci&, and shot coverage. 

These four vn~ab les  are colleclively 
referred to as  "intensity." Presently 
there are no economic nondestructive 
means for checking a part for i b  in- 
tensity. The only accepted sbndnrd is 
an arbitrary one ealled the Almen strip. 

The Almen strip is a steel strip 3 
inches long  a n d  3L inch wide. Its 
thickness depends on the intensity of 
the specified peenimg. The strip is posi- 
tioned so that it may simulate as  closely 
aa paasible the d a c e  to be peened. 
The strip is then pracesmd with the 
peening var iab les  held a t  the same 
value as for the part. Since the strip 
is peened only on one surface, i t  curves, 
This curvature is measured on an Al- 
men gauge. When the strip is fully 
saturated, the am height, measured 

Just what are the dangers to be con- 
sidered if these controls are not main- 
Mid? Consider the mechanism by 
which shot peening provides streas cor- 
rosion immunity .  Simply stated, the 
benefits accrue from the imposition of 
a compressive strme. The megnitudo of 
this stxess must be sufficiently 'high to 
afford protection after the application 
of the service  patter11 pradueeti by 

peened pieces experienced exposure to over a chord of 1% inches, is expressed 
tensile stress. Although high stresses in thousandths and termed the in- 
(approaching the yield point) are gen- 
erally needed for stress corrosion crack- 
ing, frequently stresses that are small 
relative to the yield produce failure. 
Apparently though, there is a critical 
limit below which stress corros;on does 
not occur. The team that did the evalua- 
tion set the threshold value between 
89 ksi and 127 ksi. 

A third metal, titanium-that ele- 
ment so vital to the aerospace industry 
-also has its stress coi~rosion problems. 
Small titanium tank shells used for 
liquid propellant were found ostensibly 
to fail prematurely due to mate r ia l  
p r e s s u r e s .  On investigation it was 
piovcn that the failures were not due 
to pressures, but to stress corrosion. 

Tests were made for possible solu- 
ad surface was &hod to bri out the ilwe or&- 
e area indicated by the arrow, % surfpace 
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ng (Figure 8). There is a high 
resrsive stress a t  the peened sur- 

slightly just below the 

nitude of the renidml corn- 

th; material. The lever of compr&ion 
decreases until the point of zero s k e w  is 
reached. Then the stress chnges to one 
that is b a d e .  As has h e n  menthed, 
the knefits of shot peening are due to 
the comprerjnively streased layer and 
the depth induced by the pmeeas. The 
depth must be compatible to the thick- 
ness of the part. Generally the induced 
surface.compressive layer should not be 
greater than 20 to 25% of the emss 
aection of the t h i n n e s t  section, nor 
&ould the layer be too thin for it could 

thereby negating . The phoI;omlcro- 
graph shown in F i g u r e  9 shows a 
single, dimple indentation that might 
result from one piece of shot impacting 
a metal surface.' The metal wan heat 
tmgtPd to promote grain growth in the 
seetion aB~cted by the cold work. I t  also 

a repm&nbtive picture of the 
typical stmas pattern. The large gmiins 
portray the compressive zone. Immedi- 
ately below this zone is a tensile layer. 

A group of dimples close together pro- 
vide an even compressive layer. If an 
area has no dimplea (or di 
are of lower intensity), t h e  s u r f a c e  
stress will either be a lower compres- 
sive or a ten~ile slmw. This then leaves 
the material vulnerable to stress corro- 
sion. 

Peening is not enough. CmtroUed 
peening is esscntid to adequately re- 
tard stress corrosion. 
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