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Shot Peening Prevents Siress

Cracking in Aircraft Equipment

WHILE MANY INDUSTRIES are
faced with the need to control or elimi-
nate stress.corrosion, aircraft maoufac-

“lurers are the most intimately con-

cerned. Recently, there have heen some
definitive studies made to show what
can be done, within the limits of current
technology, to understand and control
this kind of equipment failure. This
paper discusses some recent teats and
their results, along with case histories
that help to illustrate the effect of shot,
peening as o means of preventing stress
corrosion cracking.

Case Histories

Aluminem Forging

Figure 1 is an example that did not
appear as a problem for approximately
16,000 hours of operation. It is one of
the largest aluminum forgings used in
aireraft, weighing approximately 700
lbs. Part of the main janding gear fit-
ting, the material is 7075 used in the

Figure 1—The original failure of the forging
in the main {anding gear fitting appeared
as a crack starting in a frunicn hole into

did not appear for approximately 15,000
hours.

which a bushing is pressed. The torroxion

-SUMMARY
Stress corvosionserflilgvoenrs in
metal if the -surfoveisslressed wod
subjected to a vorvesivenewvivomment.
Shot peening, whicl has been wsed for
over 30 yeuarz to prevent fotipwe foil-
ures of metal parvis dwduces ww ex-

‘tremely high rewidwnl compreswive

stress in the surface. The proper con-
trols of shot peewing are ow fmporiant
aspect -in obtaiwing  the full benefits.
The author discusses these controls, but
not before presenling vecent teste and
their results, along with case. histories
that help to illusizaie shot peewing as
a means of preventing ecracking.

Té condition. Original failore appeared
a3 a crack sixrting in a trunion hole

_into . which s bushing is- pressed. The

opposing  Traciuve faces are. shown in
Figure 2. Three areas were - chosen for
subsequent ~examination with an_ elec-
tron micrascope.

The first two showed clearly the
brittle intercrystailing mode of failure
with ready evidence of corvosion prod-
uets. The third area was one of transi-
tion from-brittle to ductile failure. A
survey of the area mesar the failure
point showed ‘many other souices of

Figure 2-Qpposing fracture faces of the
corraded aluwminum: foroieg.
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stress corrosion ecracks., The failure
could have originated from any of sev-
eral points.

After careful study of the fracture,

Figure 3-—-This masshve crack; which seems
to have two ariging, extended complately
theough the forging.

B\ P Ly ,
Figure 4—Photamicrograph of & cruck found
in the 7079-T6 forging. SGOX.
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the decision wasg made to require con-
trolled shot peening on all new parts
before putting them in service,

While investigating another problem,
careful inspection uncovered a erack in
a different area (see Figure 8). The
massive crack, extending completely
through the section, apparentiy had two
points of origin. Following the dis-

covery the decision was made to shot

peen all surfaces of finished forgings.
In addition, forgings already in service
were shot peened in place to avoid a
difficult and involved removal proce-
dure.

Wing Spar

The next exsmple, a chavnelishaped
wing spar, precipitated a msssive ghot
peening program. The component was
approximately 8 ft in length with a
H-inch dimension. at the widest end,
tapering down to approxirately 1%
inches at the narrower -end. Seetion
thickness varied from approximately
0.125 to 0.060. Material was 7079-T6
aluminusn and veiginated as a forging.

This wing spar first came to the at-
tention of the metallurgicnl enginsering
group as the result of a request to
evaluate the.sfects of pitting corvoslon
that spparvently  had occurred during
anodizing. During the isvestigation,
numerous -cracks were noted in the
flange. These cracks were closely
checked and the decision was made to
check other parts subject to the same
processing, An inspeetion -was made of
all the parts formed from 7079-T6.
Many were found to have similarly
cracked areas. Sections taken through
the eracks showed them to be primsxily
intergranular. This is shown in Figure 4.

Figures 5 and 6 are electron fracto-
graphs. The first of these shows the

brittle, intergranular mode. of failure. .

In the second; grain bowndery oxidation
is evident. Undoubtedly these were
stress corrvosion failures. (It is well to
emphasize that these compouents had
never seen bBervica).

The failures were caused by lack of
adequate protection during provessing
and the existenceof residunl tensile

Catresmes: The method was v vomiprehon-

sive program.-of surfave:protestion dur-
ing manulackuring Drocessing snd_the
shot:peaning, Of coursayin_this and in

all otheyexmmples cited, the nse of shot:

peening automstieslly infers the s of
adeguute . controle to. inswve maxinim
benefit,

Table 1-Test Spechmons -affer Euposure to
the ARernate fmmersion Cycling.

Conditions! ) Results

T6, press fit Failurs in 120 hrx

T73, press fit No failure

T6, shrink fit Fadlurgin 120 hrs

T73, shrink fit No falluse

T6, press fit, aradized, baked

Nuid, revistand paime Eailure in 216 hrs
No failure

T6, press fit, shot pesneil

(130,004 interference

Londing  Geor Cylinder

Thig next example-of the use of shot
peening in a stress corrosion spples-
tion also comes fiom the airewnfi in-
dustry. The part is the wmbn lending
gear cylinder of a small fighter-homber.
It is a forging made from T0756-T6 alu-
mintim, Approximately 100 units from
the vendor were put into-service with
no apparent problems, The next growp
of parts eame from ancther vendor.

The cylinder was remicved: from ser-
vice. While on the ground; the evlinder
logt its hydraulic  capability and the
strut flattened. A ersck -could he sesn
running the length of the cylinder and
into the trunion hole. Another eylinder

“was rempved from service in the eourse

of a regular wsaintenanee.check. Cravk
location is at the forging parting line,
which puts the short trassverse grain
structure-in the worst possible orienta-
tion,

Figure 7 is a photograph of a section
through the cylinder. The surface was
etched to bring out-the forging lnes;
failure originated i the wren indloated
by the arrow. Bere agaln, the methad
wag to shot peen all surfaces. This was
approached in steps, with the erack
moving each tlove: from e peensd arex
to one that had not heen wspeeified as
requiring peening. Theve wepe sepious
problems in wmminisining -securate di-
mensions in some of the hoved holes.
Only through ~earefulcontrol of the
peening varishlés was this poasible.

Previous exsmples:woreall field fail-
ures. Had the preper informwation  (in-
cluding informstion onh - peening) been
in the hands of the design and material
people, these failureswonldinever have
originated, Vsing shob-pesning ag a de-
sign metal process fsstend of as an aid
to get out of trouble would help in
minimizing service: difleultios:

Some recent work has hoen done gap-
porting previous efoits to-estaliish the
validity of shot: pesning wnder con-
trdlled conditions.

Aleminum. Bores

One test evaluated.the. suseeptibiiity
to and the effectivensss in preventing

‘shress corvosion in aluminum: bores Do

ing steel slesves. The viug material was
7075 in both the T6 and the T73
tempers.

Table 1 shows the test specimens

.after exposure to the alternate lnuner«

sion eyeling. The surface corrvosion
clearly indicates the severity of the test
and the accompanying validity of the
stress corrasion” resulls;

Cbviously, the bare wsterial in the
T6 condition would not be satisfactory
in a stress. eorrosion application. Pro-
tective coatings do little better, if for
no other reason than theiv-susceptibility
to surface damage. Shrink or interfer-
ence fit made no apparent diference,
The only two means that preduced-ime
munity to stress-corvosion faflure were
the T73 heat treat or shot peening.

Materials Protection



With the T73, though, temper would in-
volvean accompanying logs in strength.

Migh Stceugth-Stecls

While much of the field-gathered in-
formation concentrates on aluminum,
sireas cotrosion is certainly not limited

to alunpimum: alleyseHighostrength.

susbeelyaaresane ol the est-opitiealcons
catderations. In fact, one of the influ-
entisl government laboratories vequired,
LRecmsraattersof course; theveugh pre
wwentative anessures in all steel fittings
spsed- b the bigh strength range (260,000
psi and above). They now have coin-
puyatively-Hitle difficulty with stress
sroorresion:fathures.

Annewhivh strengthosteels sre made
available; they-are tested to deterrine
thelr susceptibility to slress-corvosion.

- Recently expminedwas.the HP 9-4-45
alloy produced by Republic: Stoal, Stress
corvosion festing was done using alter-
nate imnsersion in synthetic sea water
under sustained load of 80% of the ma-
terial’s yield strength, (Small variations
weire made in the test spscimens for
other test conditions.) Included in the
test of stress evrrosion influences were
webding, - grinding,  drilling, cadmiom
platiog and shot peening. Residual
stress measurements on betier than
25% of the spechinens were made using
Xeray diffraction techniques,

The xesalts indicate that only one
process produced immunity to stress
covrosion. All others experienced some
degree of failure. Only .shot. peening
wag 106095 -succesaful. Both the grind-
to-burn and the drill-to-burn samples

~indicated - some  improved resistance
from the oxide layer produced by the

. machining. However, these were only
Jimited dmprovements.

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 surface ten-
sile stresses increage, the time for fail-
ure decreases, Under load, even the shot
peened pieces experienced exposure to
tensile stress, Although high stresses
{(approaching the yield point) are gen-
erally needed for stress corrosion crack-
ing, frequently siresses that are small
relative to the yield produce failure.
Apparently though, there is a critical
limit below which stress corrosion does
not occur, The team that did the evalua-
tion set the threshold value between
89 ksi and 127 ksi.

Tiiaatam

A third metal, titanium—that ele-
ment so vital to the aerospace industry
—also has its stress corrosion problems,
Small titanium tank shells used for
liquid propellant were found ostensibly
to fail prematurely due to material
pressares, On investigation it was
proven that the failures were not due
to pressures, but to stress corvosion.

Tests were made for possible solu-
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tions to stress corrosion. Three tanks

weve used; the first served as a control

and was used as vecelvad; it falled after
approximately 116 hours at 105 F
(76 C). The second tank wag vibiatory
cleuned und failed after approximately
200 hours at the sametemperature, The
third fank was gless bead peensd and

~wuccessfully - withsteod 726-hours of ex-

posure at 105 F:

‘Pracess Contvol

In each of the examples cited,
whether field service orlaboratory orig-
inated,. shot peening  seccessfully  ar-
restedostressonarrosion. It is a well

enown Taet o that celd. plastic surface

Jdeformation converts:harmful - tensile

surface stressos dogompressive strasses, .

It is alsyoevident thet for stress corro-
sion cracking to eceur; surface and sub-
surface tengile stresvesmust beprosent.
Therefore, if the net harmful . tensile
stress can _be lowered or converted to
beneficial compressive stresses, failures
can be minimized. The benefits will only
be fully resalized if the proper condyol
of the process is exercised. The control
of the shot peening process depends on
four important variables: shot mate-

rials, shot size and uniformity, shot -

velocity, and shot coverage.

These four vaviables are collectively
referred to as “intensity.” Presently
there are no economic non-destructive

“rpesng for checking a part for -its in-

tensity. The only-wcoepted. stendsrd is
an arbitrary one called the Almen strip.

The Almen strip is a steel strip 3
inches long and % inch wide. Its
thickness depends on the intsnsity of
the specified peening. The strip is posi-
tioned so that it may gimulate ag closely
as possible the surface to be peened.
The strip is then preceszsed with the
peening variables held at the same
value as for the part. Since the strip
is peened only on one surface, it curves,
This curvaiure is measured on an Al-
men gauge. When the strip is fully
saturated, the arc height, measured
over a chord of 1% inches, is expressed
in thousandths and termed the in-

Figure 7—The coireded surface was efched to bring out the forglng Haew Falluce origi.
nated in the area indicated by the aivow:. The

tensity, Evidently controis are esgentisl
in order to maintain wiformity.

Just what are the dangers to be.con-
sidered if these controls are not miain-
tained ? Congider the ~mechanism by
which shot prening provides stress sor-
rogion immunity. Simply stated, the
benefits accrue from the impodition of
a compressive stvegs: The wagnituds of
this stiress mast be sufficiently high to
afford protection after the application
of the service pattemnuproduesd by

Eiwré- S-Blechren-frentogrph showing e
Intergranuler: typeheitile fallurs TRO00K.

[ S

Flgure 6—Flechron feactograph showing
grain-bogndary oxddation. 12,000K]

surfase was shot peened,
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P

DEPTH BELOW SURFACE
]

COMPRESSION  TENSION

Figure 8—Typical siress :aﬂorn produced

by paening. There is a high compressive
stress at peened o surface, crassing
shightly-just below the sorfuce:

peening (Figure 8). There is a high
eompressivas stress-at the peened sur-

face, dncreuning slightly just below the

surfuce;

The mugwitude of the residual com-
preseivessirosses dnduced. by shot peen-
ingls o function of the yield strength of
the material, The.level of compression
wecressesnntil the polit of zero siress is
resched. Then the streas changes to one
that is lensile. As has been mentioned,
the benefita of shot peening are due to
the compressively stressed layer and
the depth induced by the process. The
depth must be compatible to the thick-
ness of the part. Generally the induced
surface.compressive Jayer shonld not be

- greater -than 20 to 25% of the eross
section of the thinnest -section, nor
should. the layer be too thin for it could
vorvede or wear away, therehy negating
the benefite of peening. The phutomicro-
graphi-shewn in Figure 9 shows a
singledireple indentation that might
resutt from one piece of ghot impacting
a metal surface’ The metal was heat
trented fo promote grain growih in the
section sTocted by the cold work. It also
vrovided » representative piciure of the
typieal stress patiern. The large griding
porteay the compressive zone. Tmmedi-
ately below this zone is a tensile layer.
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Flgure 9=Pholemicrugraph showlag w single dimple Indentaston thet might vesult frum ona

pisce of shot imzaciing & welel surface.

A group of dimples close together pro-
vide an even compressive layer. If an
area has no dimples (or dimples that
are of lower intensity), the surface
stress will either be a lower compres-
sive or a tensile stress. This then leaves
the material vulnerable to sivess corro-
sion.

Peening  is not enough. Controlled
peening s -epsential to adequately re-
tard stress corrosion,
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