Prevention of Stress Corrosion Cracking by Shot Peening

By J. H. Milo

The presence of stress corrosion and its asso-
clate corrosion fatigue are not mnew at our
table. Unfortunately, this unwelcoine gucst is
showing up more often and with frequently more
grave ccngequences than in the past. It is in-
creasingly important that we devoie our efforts
to the elimination or at least control of this
menace, Of course, this means confroniation
of the problem in all its aspects ~- froin the
fundamental review of cause and effect to the
final evaluation of applied hardware, In recent
times, there have been some definitive studies
made to show what can be done, within the
limits of our current technology, to understand
and control this kind of equipment limitation. In
this paper, I will review some of the recent
tests and their results along with some case
histpries that help to illustrate the effect of
surface compressive stresses as & means of
preveniing stress corrosion cracking,

While many industries are faced with the
need to conirol or eliminate stress coryvpsion,
the aircraft manufacturers probably are most
intimately concerned, As is most often the
case, problems of this nature are first genervdted
in field ®esting or in field use, Here is an
example -that did not appear as a probiem for
approximately 15,000 hours of operation (see
Figure 1). This is one of the largest aluminum
forgings used in aircraft, It weighs approximately
700 poundr, The materigl ig 7075 and it is
used in the T6 condition, Griginal failure showed
up a8 a crack originating in a trunion hole into
which a bushing is pressed (see Figure 2), The
opposing fracture faces are shown in Figure 3,
An enlargement of the fracture area shown in
Figure 4 fllustrates the flaky texture typical
of stress corrusion, Areas A, B and C were

chosen for subsequent examination with an

electron microscope. The first two show clearly
the brittle intercrystalline mode of failure with
ready evidence of corrosion/products, The third
area is one of transirion from brittle to ductile
failure, A survey of the area neir the failure
point showed: many other sources of stress
corrosion cracks, The failure could have
originated from any of several points,

After careful review of the fracture, a test,
which will be described later, was perxformed,
Following the test, the decision was miade to
require controlied shot peening through the
trunion holes, and on the surface immediately
adjacent to them,

In the course of an investigadon into.ancther
prgblem, the careful inspection of the mant~
facturer uncovered a crack in anpther parg, in
a completely different area {see Figuvs 5). The
crack apparently had two points of oxigin. This
was a rather massive crack extending clear
through the section, The fracwre. surface is
shown with the two points indicated as the
crack origins, in Figure 6. Following:the dis-
covery of the second cracked areg, the decision
was made to shot peen all surfaces-of the
finished forging. In addition, forgings. slvesdy
in - service were processed in plece to -avoid
a rathex difficult and involved removal procedurs,

The next examnple was & chance dlasovery
that precipitated a massive shotpeening program,
The part in question 18 & wing ‘spar having
largely a channel shape. Lengil of the component
is ‘approximately 8 ft with a § in dimension
at the widest end, tapering down (o approximately
1 1/4 in at the narrower end, Section thickness
varied from approximaiely 0.125 to 0.060,
Material was 7079-T6 and oviginatedawaforging.

The part first came to the attention of :the
Metallurgical Engineering group as thewseult
of a request to evaluate the effecis of pliting
corrogion that apparently had resulted during
anodizing. During the investigation, mumerous
cracks were noted in the flange. These cracks
were closely checked and the -decisfon. was
made to take a look at someather parts-in
inventory ‘that weie subject to the same
processaing. An _inspection was made of 2]l the
pargs formed from 7079-T6 In invertory. Many
were found to have similarly ecracked areas,
Figure 7 i8 a photograph of the. side. of.one of
the spars showing some of the cracks. Sections
teken. through the cracks showed ihem to be
primarily intergranylar, This is-ehown in Figure
8. The photomicrogxaph -was taken ar 500 X,
Figures 9 and 10 are electron fracsographe and.
were taken at 12,000 X, The first. of these
shows the brittle, initergranular mede of failure,
in the second, the grain boundary wxidation
is evident, There was no doubt that these were
stress corrosion failures, (It iswell toemphanize
that these components had never seen service.)
The failures were caused by lack of adequare
protection during processing and the exisience
of residual tensile sivesses, The Cure was a
comprehensive program of surface protection.
during manufacturing processing, plus ---and



this 18 an important plus -- the addition of
shot peening to the processing sequence, Of
course, in this and in all other examples cited,
the use of shot peening automatically infers
the use of adequate controls to insure maxiniui
benefit. As with all tools and processes, shot
peening must be properly utilized and properly
performed to be beneficial,

This next example of the use of shot peening
in a stress corrosion application again comes
from-the aircraft indusitry, The part in question
is the main landing gear cylinder of a small
fighter=bomber. It is a forging made from 707%-
T6 aluminum, Approximately 100 units from
the vendor were put into service with noapparent
problems, The nexi group of parts came from
another vendor, The cylinder shown in Figure 11
was removed from service. While saiiiing on
the ground, the cylinder lost its hydraulic
capability and the strut went flat. The “crack
can be meen running the length of the cylinder,
and into the trunion hole, Another cylider
was removed from service in the course of
a regular maintenance check, The ultrasonic
indication is shown in Figure 12, The part
was then opened along the fracture line. The
crack was shown in Figure 13. Figure 14 is
an enlargement of the preceeding illuatration,
This definitely shows the flaky appearsnce which
is characteristic of stress corrosion. The crack
origin indicated by the original inspection is
at the center of the lower edge of the photograph,
Crack location is at the forging parting line.
This, of course, puts the short transverse girain
structure in the worst possible orientation,
Figure 15 is a photograph of a section through
the cylinder, The surface was etched to bring
out the forging lines, Failure originated in the
area indicated by the arrow. Here again, the.
cure was to shot peen all surfaces, This was
approached in steps with the crack moving
each time from a peened drea to one that had
not been specified as requiring peening. There
was some serious. problems in thik instance
in connection with the need to maintain accurate
dimensions in some of the bored holea. Only
through careful conirol of the peening variables
is this porasible,

Previous exampies were all field failurea.
Had the proper information (including information
on peening) been in the hands of the design and
material people, these failures would have nover
originated, Use of shot peening as a design
metal proceas instead of as an aid to get out
of trouble, would help in minimizing service
difficuldes,

Some recent work has been done to support
previous efiorts to establigh the wvalidity of
the process undexr controlled conditions,

One recent test was perforined specificslly
to evaluate the suscepiibility to or the effeciive-
ness in preventing stress corrosion in sluminum
bores having steel sleecves, The test parte were
constructed as shown in Figure 16. The ring
material was 7075 inboththe T6 and ‘(78 tempera,

CONDITIONS RESULTS

T6, Press Fit,
.004 Intexfexence

T78, Press Fit,
004 interference

Fajlure in as
little as 120 hours

No Failure

T6, Shrink Fit,
004 interference

T73, Shrink Fit,
004 intexrference

T6, Anodized, baked
flndd, resistant
primer, press fit,
«004 intexference

Fallure inae
little.as 120 houes

No Failure

. Rellure in sy
littleas 216 hours

T6, Presz Fit,
004 interference
shot peened,

No Fatlure

The above chart showa the test spesimens
after exposure to the alternaie immexsivnoyeling,
The wmurface corrosion clesriy indiesten ahe
severiiy of the test and the scoompanying validity
of the stress corrosicn results,

Obviously, the bare materisl in the Té cons
dition would not be satisfsctory in a . stress
corrosion application, Protective costings dp
linle better # for no other resson thaw thely
susceptibiiey to suxface darmage, Sheinkorinter=
ference fit made no apparent difference. The
only two means thet produced: inumunity (o stress
corrosion fallure were the T?73 hest trest; or the
use of shot peening. Of courvae, the T73 temper
invoives an accompanying lose in strength,

While much of the field-gatherad information
concantrates on aluminum, siress corrosioncers.
tainly does not limit ita activities to sluminum
alloys, High strength stesla are one of the most
critical considersvions, In facr, one of «the
influential government lahoiatories as 8 natter
of course required thorough preventaiive
measures in all steel fittings, used: o the high
strength range (260,000 psi and above), For this

. reason, they now have comparatively Unle di-

ficulty with streas corrosjon failuces,

A new high strength steelparemade available,
they are frequently tested to determing thele
suscentibility to stress corgyosion.. One thatrwas
receontly examined inthe HP Q-4-48 allovproduced
by Republic Steel, Stress corrosion testing wams
dope uming alternate dmmereion ineyuhetic
sea water under sustained losd of 80 peruvent



of the yield strength of the material, Small
variations were made in the test specimens
for the various test conditions, Included in the
test of stress corrosion influences were welding,
grinding, drilling, cadmium plating, and shot
peening, Residual stress measurements were
made on betier than 25 percent of the specimens,
These were made using X-ray diffraction tech-
niques. The results of this comprehensive
examination are shown in Figure 17,

This indicates that only one procese produced
immunity to stress corrosion, All 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 drili to burn
samples  indicated some improved resistance
from the oxide layer produced by the machitiing,
However, it was only limited improverments,

It is interesting to note that mierely the
presence of tensile stress did not promote
failure, Figure 18 summarizes the stresspicture
for several of the variables -- note as 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) are generally needed for stress
corrosion cracking, frequently stresses that are
small relative to the yield, produce faflure,
Apparently though, there is a critical limit
below which stress corrosion does notoccur, The
team that did the evaluation set the threshecld
value between 89 ksi and 127 ksi.

So far we have seen how peening has remedied
stress corrosion problems in both aluminum
and in high strength steei. Now we will direct
our attention to a third metal, titanium -- that
element so vital to the aerospace industry which
aiso has  ite stress corrosion probiems, Small
titanium tank shells used for liquid propellant
were found to fail prematurely ostensibly due
to material pressures, On investigatrion it was
proven that the failures were notdue topressures,
but to styess corrosion,

Tests were made for possible soluticns to the
“problems of stress corrosion. Three tinks were
used: the first served ag e control and was used
8 rbceived -- it failed after approximately
15 hours at 105 F, The second tank was vibratory
cleaned” and failed after approximately 200 hours
at"105 F, The third tank was gilass bead peened
and ggxccessfully withstood 720 hours of exposure
at 105 F,?

in each of the examples cited, whether field
service originated or laboratory originated, shot
peening successfully arrested destructive stress
corrosion, It is a well known fact that cold
plastic surface deformation converts harmful
tensile surface stresses to compressive
stresses -- it is also evident that in order for

stress corrosion cracking to occur -- surface
and sub-surface tensile stresses mustbe present,
Therefore, if the net barmful tensile stress
can be lowered or converted to beneficial com-
pressive stresses failures can be minimized, It
is important to recognize that the availability
benefits will only be fully realized if the proper
control of the process is exercised, The contxol
of the shot peening process depends on four
important variables:-

Shot Matexials

Shot Size and Uniformity
Shot Velociry

Shot Coverage

These four variables are collectively referred
to as “intensity”. Unfortunately, there is at the
present time no economic non-desiructive means
for checking the actual part for its intensity,
Currently, the only accepted standard is an
arbitrary one called the Almen strip. The Almen
strip is a steel strip 3 inches long and 3/4 inches
wide, Its thickness depends on the intensity
of the speciied peening, This strip is positioned
so that it may as closely as possible simulate
the surface 10 be peened, The strip is then.
processed with the peening variables heil a' the
same value as for the part, Since the strip is
peened only on one surface, it curves., This
curvature 'is measured on an Almen gauge as
shown in Figure 19, When the strip is fully
saturated, the arc height, measured over a
chord of 1 1/4 in is expressed in 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 are the dangers to be considered
if these controls are not maintained? Let us
look at the mechanism_ by which shot peening
provides this stress coryosion MR, Simply
stated, the benefits accrue-{rov the 1f“iy‘3$§t‘.aa
of a compressive giress. The measislfid e
stress must he su'icrentiyobugh (o Al pro-
tection after the appiication of the gervice loads.
To understand the danwer, look stithe :.typxcal
stress pattern produced by'uw
Figure 20, There is a high SHmILL
at the peened ‘surface; increasmp: shgbadv- just
below the surfiace. it may be il Sl
that the magnitude of the residual v ssive
stresses ‘induced by shot peeswsissastanetes
of the yield strength of the marerialiteaevel
of compression decrenses as the investigation
proceeds into. the marerial until the point of
zero stress is reached, Then, the stress changes
to one that is tensile in nature. As has been
mentioned the benefits of shot peening are due
toc the compressively swressed layer and the
depth which is induced by the process, The
depth raust be compartible to the thickness of
the part. A general rule of thumb used, ie.,
“. ..the induced surface compressive layer should
not be greater than 20 to 25 percent of the

& ﬁ Hlress




crogs section of the thinnest section, nox should
the layer be ioo thin for it could corvode o wesr
away thereby negating the beneflits of peening,”
For llustration, ket us look atthe photomicrograph
ehown in Figure 21. This shows a pingle dimple
indensarion such as you might get from one
piece of .chot impscting a metsl surfsce,” The
metal was then heat treated . promots:grain
giowih in the section affecied by ibe cold work,
It also provides a zoprementative piciure of
the typical sirzsa psitern...l.et us say that
the large grain poricay the compressive zone,
From the previous figuce; we koow that e
diately below this i8 a tensile layexr. Picture
a group of dimples. close . together providing
an even compresgive-layer; It we then come to
an area that hag no dimaples or éhmples that
are of lower intensity,-the surface ‘stress will
either be a lower compressive or a tensile
sivens, This -then leaves: the-.materisl  wide
open to &ttsck by siress corvosion. Peening

alona for siress corrosion resisthnces e ot
enough. Controlled peening fe ssssneial b opdey
0 adequately remrd atress corrosion,

To wuwm up, the sucosssful outosme o this
cosily - bhattie canconly veande: feon covpdination
of elforts between the Enginear, the Metallurglst,
and the Shot -Peening-Specislists. It-hag been
said that the fight agsinst siwess coryosion
staxts on the duswing bosrd,
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Main Landing Gear Fitting

Fig. I

Locetion of Failled Area

Fig. 2



Opposing Fracture Faces Typical Stress Corrosion Showing
Flaky Texture

Fig. 3 Fig.t

Failed Area Showing Crack Two (2) Points Showing Crack Origin
Fig. 5

Spar Section Showing Crack Areas

Fig. 7
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Phﬁtemi&rngﬁaph of Crack in 7079
T6 Porging Mugnification -500X

Fig. 8

Intergranular Type Brittle Failure Grain Boundry Oxidation
12,000X Showing Precipitates

Fig. 10
Fig. 9



Gltpasontec Indication Showing
Defect:inMain: Tending Gear
Cylinder

Crack in Cylinder into
Trunion Hole

Fig. 11 Fig. 12

Defect Surface Showing Fracture Appearance

Fig. 13

Enlargement Showing Flaky Appearance Etehed Surface - Showing
Characteristic of Stress Corrosion Forging Lines

Fig. 14 Fig. 15
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COMPRESSION TENSION

"Almen Gauge

DEPTH BELOW SURFACE

DISTRIBUTION OF RESIDUAL STRESS
BELOW A SHOTPEENED SURFACE

Fig. 20

Fig. 19

Photomicrograph of Grain Growth
Under Single Identation

Fig. 21





