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Abstract

*NAn overview of experimoental variables which are conslderEd crltbci t unrstad-nr
tnie mechanis.-t of corrosion ratiF-ue of high strenoth, aluminuro.aly.- E 7- roezerted. Based
on this overvieiw, an examination of previously prorosed mezhaniomn -1r atzeT-orte4.. -hese

0 rdelE include anodic dissolution,surfaze energy reduztiorn,and_ h:.drope. eotrittlemn'-.
it is concludec that hydrogen embrittle-nent of process zones at alboy surfaces 'frr r:

Sirnitiation) and at crack tips (for crack nrcpagaticn) best exDlalns 'otserve' reE,,ls. A.
general model of corrosion fatizue of these alloys is proposed. This F mode: suzreztF hi

the nature of the naturally formned oxide fIlsi on aluminuri a!L,,s ma.- 1_, a oritica faO cr.
Cheroical or mechanical dawmave of the film allows hydrogen inzress. T-: presence of seoc'-i
p hase particles which may act as sinks for dislocation transrorted hvir- -ren.,nay also bc a
necessary prerequisite to sirnificant amounts of' reduction in 'at17rue rezistance ass-clatel

Introduction

it is we:! known that high strength aluminuo alloys are hien:7. susc ettlh -c
rcenta7 cejzralatlcn in the p resence of halide ions. In the unstressed state, tt" ie~raa-

t~csraybe antrste bylocalized corrosion such as uittinv, crevice corrorf-' or -

f-:iat:nn 1grain toundary aztack). However, under conditions cf ple ore
s' resses, these allo';s msay suffer from stress corrosion crackin S7C) or ' '-ad

are pres-n 'rr- orroslon fat!Fue. In some circumistances, these two rnenot.n-. ma z
adi-eand a_ formro f "strcss-corrosicn fatigue" may be otsetved. it. reners_'

retrnte ' as time jelayed failure of' smooth or of notchen sr-c'n~ens, often a-- t- stress
.leest elow 'he nomin~al yield strength of- the allcy. Alternatvc:.*. ' :r nli-o asrec7 ratf.

f'aws such a.- orocra.,ks are present, measurable crack rwth nay te o~bserved4
s-eral'nreaeF with stress Intensity WK until a nlateau vajue orfrc rrowtl rate

ri 't v' -It reached. Both tv'res or data ire schematically' described in firurc
Vnder c.Ko:ar-coditino, similar trends are cbserved, excent that -,e a~ k'n'h
ar - ,ta~red are rererall': described as stress F *r al vsnqs7.b-o's -of c:-Clez to faI-_*ur-

on s i-.r r Floor f-r snooth or notched alloys. Fcr the case or otofd otserv-
ac~ rowh 'h dea er nseraly potted as crack. ,-rowth Inorrnt!r yl

:d ' s : the rar_-- or sress intensity (LK)(fiF. 2). Whfl> hallioe haS een shcen .
zlrn-1ioantl:. '.7-re~ie tracl. propag,,Fation rates (and decrease time to) faf-1r, it, sn _i
oe ncted ohal J:-le wr" nJ ever icist a'r have been shown to be verw: n"''' r
in-icin" environinentalli ass~sted crackinp in several tich strenrth au71louo alloyz.

A'u tn u r .A~ M et all:

- he a:n-v -': w:,I2h a'-e most seriously; a ffeted I.-. ert'trcrren-al dex-rais' I
-r echainlca: rero!es ' roiT!' "s o ~st lnte-est f-r creca a;.o

heh, rIren-l'C] w -lentl alloys. As a class, the 'y are veneral". utllized. 1.
Frelostonh'rldened co-nd!tion cotarvied b,': appropriate h'eio treatrent. in~ gfnera-.. t-t

rre.17:ta'e- a-, interrretal:!c corrpou:!4s which are formed and distrltute(I .il snal ' t
tv. a :lutlonizinr heit treatment, fc:lowed by a qrierh tD mx '7t5: 1h- vaoaPnc'v co n-'ntra-
tic,. or, , t he alI>2.. A;etn7 temperatures and time determine Ihe rate or' nucleatior. an,_
rrowth, and dplerrine the $17e, distributIon and morpholocy of tte rre-irl-ates. e
initial ].i Zon-s are considered tc be coherent with the matirx and the rirta: rre:I~ltateE.

* n, railaln rar'la. coherency with the matrix (111) plare.(!,2, ilthnu .- as many' an
* seven other matrlx'prsecirltate coherenci~s have been repcrted.I>..' :n 'he -zeak 3red c-n-

ditlon slip is tcncldered tn be hirhly planar, while In the underavet or overared c-ondi-
t ion slip is Fenerally considered to be more diffuse.

lereral Fatigue Behavior of Hir f- erh lh2v

The Tatirue resistance of tt- r. re eonr'nrnv upej &1- -1':,7,s F c!h a:- Al:~-,Tu al"!
1 75 (A!- Zn-?Mr) Is considered to be pnor whien tfhe C21: s are t-ested It. the petxk har6c,-ned!
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iondition. The I07 cycle fatigue limit in neutral environments is 0 3-0.35 of the
UTS, and when cracks form, crack propagation rates are relatively rapid when compared
with ferrous alloys. On smooth specimens in the high cycle fatigue regime, or in notched
single :rystals in inert atmospheres at relatively low stresses, cracks initiate in the
stare T (crystallographic) mode and, as in many other alloy systems, convert to a stage
:I mode at some critical (but as yet undetermined) crack length (for a nominal applied
stress below o.,). For pre-cracked (fracture mechanics) specimens cracks are generally
2onstdered to 7Tow only in the stage 1I mode. The specific process by which cracks
initiate is still somewhat open to interpretation. Several models for crack initiation
processes have been proposed and include resolution of ordered precipitates sheared by
the slip process (3,L) or, alt~rnatively, disorderine of these precipitates thus creating
a "soft" region along slip planes where stage I cracking initiates and grows.,) However,
at low acolied stresses, approaching the endurance limit, evidence of precipitate by-pass
resulting in sessile dislocation loops in the matrix of high purity Al-Zn-Mg alloys has
ceen recorted.(6) According to this model the sessile locpe e nerate dilational stresses
across slip planes leading to weak planes for crack initiation. t is possit

7
e that all

of the models may be valid depending on combinations of applied stresses, Precipitate
morphologies, slip plane orientations etc., and that no simple micrc-process can explain
all of the observed results.

Corrosion Fatigue Behavior of High Strength Al Alloys

A. Gaseous Environments

Cnrrosion fatigue of precipitation hardened Al alloys has been observed In environ-
ments as innocuous as damp laboratory air. In general, this environment has little or no
effect on crack initiation processes, but reductions in the general S-N, behavior have
been reportcl. Additionally, crack propagation experiments indicate siLnificant increases
in da/dN for P given AK.(7,8)(fig.3 ) In order to observe a significant effect, water
vapor must be present in the environment, oxycen alone havinz little or no effect on either
fatigue lives or fatigue crack propagation rates.(9) In fact, virtually identical crack
propagation rates have been observed for a 7075 type alloy in wet argon, wet oxygen and
wet air.(7) While the presence of some water vapor is important, increases in water vapor
concentrations in air do not increase crack propagation rates slznficantly when a critical
-cncentration of water vapor has been exceeded.(8) The water vapor effect has been linked
to a form of hydrogen embrlttlement (9,10), although gaseous hydrogen does not appreciably
affect fatigue resistance.

Water vapor has also been shown to affect crack paths in single ,rystals of an Al-Zn-Mg
alloy. In iry air for a peak hardened alloy, conventional stage I cracking in filli planes
was Tbserved, but oxposure to moist air increased crack propagation rates and cracks crew
in flO} planes.(!l,12) The effect is frequency sensitive and no appreciable effect 's
cbserved at 50 Hz, although a marked effect is noted at 5 Hz.(12) Also, a test started
5j Hz but switched to 5 Hz alters the crack path out of the slip bend; but a test beFan
at 5 Hz and switched to 50 Hz does not move the crack path back to the slip band.(flr. a
These results indicate that the effect is time dependent and that the process Is a bulk
alloy effect, rather than simply being strictly a surface related effect. In other ex-
periments Wei and his co-workers have convincingly confirmed that the effect is in fact
a bulk effect, but that the rate limiting step is not necessarily diffusion. Rather it
appears to be related to a surface reaction of the water vapor on the aluminum al-oy
fracture surface which releases the damaging specie, presumed to be hydrogen.(10,13)

The specific process by which hydrogen emorittles the alloy under cyclic deformation
conditions is still open to question and most of the "classical" hydrogen cracking models
have been invoked. These include high internal pressures at voids or defects in the
alloy (Ia), surface energy reduction by the embrittlino specie due to adsorption (15-17,
effects of slid reversibility (18) and changes in the mechanical properties of the xide
film.(19) The high internal pressure theory suggests that hydrogen preferentially diffuses
to revions of hizh hydrostatic stress ahead of a growing crack, precipitates, and increases
the local tensile forces during the crack advance. Adsorption effects are thouzh to lcwer
the surface energy required to create new crack surfaces, although the enerv7: associated
with crack tip plasticity is generally ignored. Hydrogen or cther surface reactive species
may ilso affect surface slip reversibility or alternatively crack tip plasticity resulting
in less crack blunting as the crack surfaces are unloaded.

B. Aaueous Environments

.hlie the previously cited results of the effects of caseous -znvrinments ir- rela-
-tlyelv recent, severe corrosion faticue if Al illovs !n aquenu-, oartio'ilr!.' - ' e n-
71ronments his been recognized for some time. S)me -f the earliest bservat!-n- ndI ateI
that. ftr A!-Zn-M,!g alloys, fracture surface appearance show-d dlInc lIfferen.- mmn
:al!ne environments and dry air were compared.,20,21) :Deofirall': "iucIle" .rVI'tns'yne "A") were obcerved in dry air, while "brIttle" srtatlono 't,'re "_"' woro -:,to_ la l n 'tcv-a "2"'," " "

-cn in 
t
he _aline solutions. Examples o:f these lwo morTh:ioces ar

0 
'htwr In fIr.

The t;pe "A" ctriati.nc ie-e observed to be non-crvstallrrarhi' ini s hwel =xoe
3hear. while type "E" o~rnitinns ware identified 3s :courr.na -n )r near (20' runes.
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It has also been observed that crack propagation rates were typically 3-lOX more rapid in
aoueous environments when compared to dry air.(10,22) Also it has been reported that,
the more aggressive is the solution toward general corrosion of the aluminum alloys, the
lower is fatigue resistance when tested in those environments. Thus increasinz ionic con-
centration, particularly of halides, and both acid and basic solutions (where corrosion
rates of aluminum increase) decrease fatigue resistance.(23) Lowering the corrosive
nature of the solutions by adding Inhibitors, such as nitrates, conversely increases the
fatigue resistance.(17) However, it has been shown that cathodic polarization of the
alloy, (cathodic protection) may actually decrease fatigue resistance in nominally neutral
solutions.(fiz. 6) Anodic polarization, which invariably increases corrosion rates
virtually always results in a degradation in fatigue resistance.(23.24) The general con-
sensus of experiments utilizing polarization as a variable, are that small amounts of
cathodic polarization slightly increase fatigue resistance but that large amounts of
rolarization lead to decreases in fatigue resistance. These results are by no means
unequivocal, however. When significant amounts of cathodic polarization are applied; the
evolution of hydrogen at the alloy surface results in a shift in the solution pH in the
positive direction, and basic solutions are known to be corrosive to aluminum alloys.
Additionally, the aqueous solution in growing cracks is quite different from the bulk
solution and, in some cases, may be quite independent of surface polarization.(25,26)

A recent exnerimental progrom in our laboratories has been specifically addressed
toward understanding the mechanism of corrosion fatigue in a 7075 a!io: and its high purity
Al-Zn-Me-Cu analogue. A summary of the results of this program follows.

1 
T
t has been shown that Cl- ion is not a prerequisite to induce lowered fatigue

resistance in either alloy, particularly under conditions of cathodic polarization. Sul-
fate Ion, while less damagina under free corrosion conditions, is equally aggressive at
equivalent cathodic potentials. In chloride solutions under freely corroding conditions,
surface pits dominate the crack nucleation event, but fatigue resistance in sulfate solu-
tions where pitting is not observed is equivalent to that observed in distilled water.
(fig. 2,7)

2) in distilled water or in sulfate solutions, under free corrosion conditions, only
ductile situations are observed on the fracture surfaces, versus brittle situations
invariably observed in chloride solutions. Under cathodic polarization conditions brittle
situations are cbserved on all fracture surfaces.

3) Pre-corrosion experiments in NaCI followed by tests in laboratory air result in
significant decreases in fatigue resistance. However, this effect is at least partiallv
reversible. Post exposure heat treatments prior to fatigue testinz increase fatigue
resistance with larger increases observed as heat treatment times are extended.(Table 1)

i) In aggressive environments, the cyclic stress is the primary mechanical factor
controlling the fatigue resistance. The magnitude o. mean stress is only of secondary
importance.(fig. 8)

5) Corrosion fatigue resistance of aluminum alloys is less sensitive to Mode :I7
(torsional) loading than to Mode I (tensional) loading.(fig. 9)

6) Heat treatments which improve SCC resistance, (eg.T73) have little or no effect
on corrosion fatigue behavior in C1- solutions.

Snecific Mechanisms of Corrosion Fatigue of Al Alloys

As already briefly mentioned, there are at least three principal mechanisms which
have been surgested to explain the reduction of fatigue lives in A! alloys exposed to
aggressive environments.

A. Strain Enhanced Dissolution

0'der versions of this mechanism suggested that strained atomic bonds are more lIkely
to lead to atomi dissolution (corrosion) than are unstrained bonds. Refinements ti the
mechanism include the role of plastic strain associated with dislocations intersectlnZ
the free surface of a metil or alloy during fatizue, resulting in rreferential attack of
emerging slip bands.(27) It has also been suggested that this preferential attack
accellerates further slip processes in a kind of autocatalytic process. Evidence for
such a model has been shown for mild steels and for copper a!loys under controllei corrosion
conditions.(29-30) it has also been shown that if corrosion rates are sufficientl> low,
fatigue resistance is unaffected by the environment. Another version of the strain
assisted dissolution model is the film rupture theory. According to this mechanisr,
mechanical rupture of an otherwise protective film leads to rip~d locillzed corrosion at
the film rupture site, leading to crack Initiation in emerginz slip bands, and subseo'iently
to corrosion assisted crack growth due to the high stress concentrations associated with
crack tips.(24,31-36)

Whil these mechanism can be used to explain results observed f'r oluminum 12ov
exoosed to l1p-il phase corrosive solutions, it is lifficult ..o r.1Vt: -hem to The sI-
oant decreases in f rtie reslstance observed in water ',;aror r In deer-ed iizt'-l
14at'r. AdIti-nrall7, the observat!on that the effects nf ore-oor ooIn ar- at -eat
,artiail r-'ersibl- through conventional heat tr-atents succeats -hat this -c-hanlsm
may b- ir,*na:1 -a"yen for aqolecus corrosion fatio-ie. Thus, t Ia; b J nsiier j b-7
strain assIstpd iissolition processes cannot qrdequatelv exnlain either crack Inl t latlon



processes or enhanced crack propagation process for these alloys.

B. Surface Energy Reductions

According to this theory, specific species which are strongly adsorbed at surfaces
serve to lower the local bond energy and accordingly lead to increases in crack propaga-
tion rates. Some investigators have also suggested that reductions in surface ener " may
enhance plasticity and cause early crack initiation and propaeation.(37) Still other
investigators have suggested that surface energy reductions in growing cracks may reduce
crick tip plasticity and thus induce brittleness.(17) Problems with acceptance of adsorp-
tion models have generally centered on the large ;mount of plastic energy associated with
crack growth vs the relatively small amount of surface energy (,,103:1). Thus even large
changes in surface energy should not a preciably affect cracking tendencies. Als o, the
observation that SO = ion is at least as damaging as C1- ion under cathodic changing con-
ditions would tend o discount a specific species explanation.

C. Hydrogen Assisted Crackinz

The possibility that aluminum alloys may suffer from hydroxen emb-ittlement was
strongly suggested by experiments which showed that, for thin specimens, air borne water
vapor caused totally brittle failures in Al-Zn-Mg allcy3.(38,39 :n fact, britte Inter-
Zranulr cracks were observed by hiqh voltage transmissiorn electrIn. -o ftoils
of these alloys with no sions of anodic dissolution or plastiity. Further exneriments
indicated that, after exposure of this alloy to water vanor, voids were observed ".o zrcw
from Inzeracticns with a focused electron beam. Also, fracture of these speoinens in a
mass snectrometer was accompanied with the release of :learly identifiable amcunto of
hvdrogen.(39) Tensile experiments in an Al-Mg alloy (5086) charzed with tritium also
showed discontinuous yielding associated with tritium release.140 it ancears certain
then, that A! alloys which contain hydrogen are accordingly embrittled and that there
appears To be a dislocation - hydrogen interactions.

Proocsed Mechanism of Corrosion Fatlzue of .l Alloys

On the basic of the results presented in this discussion, and on recently obtained
but yet unnucllshed results obtained at Rensselaer, it appears that this latter mechanlsm,
that of hydrogen embrittlement, can successfully be applied to corrosion fatigue of hi.h
strength aluminum alloys. Table TI summarizes some of the relevent arguments with support
or lack of supoc-t for either a hydrogen embrittlement process or an anodic dissolution
orocess. Perhaps the most sionificant observations are that water vapor alone can produce
increases in ciack propsaat!on rates, which are equivalent to increases in rates obtained
in I0stI4led H4 alone or with Na4SO additions. Also, the partial reversibility of
damaze when tented in air after exposure to pre-corrosion is strcnzl indicative of a
dissolved species rather than an adsorbed species which is responsible for ernbrittlement.
Other cerlferal observations such as the effects of load mode (:!ode I or tension beinx
worse than '4ode III or torsion) and the absence of mean stress effects permit the presen-
tation of a qual!tatI'e model for corrosion fatigue of high strength Al alloys. According
to this model hydrogen,dissolved in the alloy, in the process zone at a crack tip, em-
brittles thlb re~ion and causes increases in crack propagation rates. The speciflc Zro-
cess by which the embrlttlement occurs remains elusive, althourh it ray be siniftcant
tha oze alloys which have small, semi-coherent particles are the most suscertllle to
failure. t ~der~t[on that the non-cohere,t precipitate-matrix interface at erain boundaries
in staticall7 loaded srecimens is the pre'erred crack path,suzvests that hydrogen may
collect at these interfaces 1o cause decohesion. Under c-clic loa'inc conditions, the
moblle ilsio(atlns may 3,:t as short circuit paths fc- hydrogen to precipitate at Inter-
faces in the -rain interrors in preference to zrain 'Loundary rezions. Thus the fractire
nath is shifted t transzranular, since effective ji.ffuslon rates are enhanced still more
thin are 7rain boundary diffusion rates. It may be significant to note that, for alloys
with equ axed grains, low cyclic stresses and small amounts of cathodic chargIng result
In In errsnular orsck Initiation xnd early propagation een under cyclic loadino condi s
* the :racks ilon-ate howv'er, the local effe tive stress increases, -illocatin densities
and lobllltles In-r-ase, ond the crack shift to a transcranular mode.(Tale :TT) The crack
77path 3hift -7 {i,} nr f112) plan-s from the f'.1} slin planes (n non-acueis envIronments)whjch has been reported ma', also be associated with a particular rrecipitate/matrlx
interfaclal rlane where hydrogen collects. Sinco it has also been shown that sulfate
.s effeoive '. chlorlde In redclno fatigue resistance if external sources

, a~hodic charving) ar- arolied. the specific role of chl nrIde anrear1 to be
relted tochenal lanage of the oeherwise protecti'ie fIlm aiiowlnv the ingreso of
hyldrogen to the allov. :n the absence of chemical damagse to the f'lm mechanical damare
t7 11In --ter Interse,,t.on. first with the free surface fr crack Initiatj-n, and sub-
!.eouentlv with advanclng fracturt eurfaces, allows hydro..n to enter the sllo', azain
presumabiv carrled b7 dlslocations. Thus nor-,chloride contan n acuecus media -water
vapor, wlstiIod water, .304* zolutlion, etc.) all behave in a similar manner. Ac.crdlnz



to this model, only the process zone at the crack tip need contain hydrogen to cause
accellerated crack growth. Thus the normally low bulk diffusion rates zenerally reported
for hyiroqer. in aluminum alloys need not be rate controlling.

A second aspect of the model is the requirement for a specific distribution and
morphol-gy of strengthening precipitates. Thus alloys such as 1100 Al (commercially pure)
or 2024 (Al-Cu) would not necessarily be erpected to be embrittled. Likewise, overaging
or underaging heat treatments which alter precipiltate/matrix relationships would be ex-
pected to alter the sensitivity of alloys to corrosion fatigue.

In summary, the key to the corrosion fatigue phenomenon in Al alloys may be related
to the method by which hydrogen enters the alloy. Since the naturally formed film on the
alloy appear* to exhibit a low permeation to hydrogen, those mechanical or chemical events
which weaken or damage the film may control the crack initiation/propagation process.
This would then help to explain the effects of cyclic stress range and the lack of effect
jf mean stress level (mechanical factors) and the effects of such variables as chloride
ion, high or low pH, applied potentials or currents, and solution chemistry in general.

Summary

To Summarize, a model for corrosion fatigue of hizh strength Al alloys is proposed
which is dependent on surface film integrity. Chemical or mchanical damage to the film,
allowIro expocure of hydrogen to emerging dislocations (slipo zanes) which effectivel,,*
"rumo" hidrozen into the crack process zone. It is further suggested that the hydrogen
o~loots at precipitate matrix interfaces and, through some still unknown specific

mehar.ism, oiuses separation of the interfaces. The model is an extension of previous
rodels or'-osed for stress corrosion cracking of these alloys, except that the cyclic
nature of the dislocation moticn creates a preferentially high diffusicn oath into the
process zone rather than into the normal high diffusity zone of ra In boundaries.
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TABLE I

The Effect of a Re-Heat Treatment Duration on ,ubsequent ?atigue

Properties in Air

Pre-Corrosion: 24 hours in aerated 0.5 NaCI

Re-heat treat: Solutionizs at 470°C for x hours
Age at 121 C for 24 hours

Fatigue in air: Mean stress 276 MPa, Cyclic Stress + 96 "XPa

Time at 470°C Nf

0 hours 30,000 cycles

hours 85,0CC c7cles

6 hours 101,030 cycles

2U hours > 13,000,000 cycles

TABLE !i

Effect of Cyclic Load on the Fracture

Morphology of AI-5.5Zn-2.5Ng-1..5Cu

inO.1SM NaCl Polarized to -1.75V vs. SCE

Cyclic Stress MN/ % Intergranular Failure
at .c = 207 MN/rm

76 0

69 0

55 0

4l 10

28

17

*



TABLE !II

A Summary of Experimental Observations on the Aechanisms o rrosion 7ati2ue

of Al Alloys

Experimental Cbservation Hydrogen Embrittlement Enhanced Anoic Diszoluton

Sensitivity to water in both the Strong support for H.E. Water *apor should have no
liquid and vapor form. f ec isnotfilled

with a _ijuid rhase.

Crack oath shift reported from (111} Consistent with environ- Not easily attributable.
to {I01 in ag:ressive solutions. mentally induced clea-

vage.

Sensitivity to Anion Type and Affects the cassivatlcn rate and oxide f'lr. stability
.onoenoretion. which control both mechanisms.

Decreased fat!oue resistance in Consistent if modifloa- -upporoi ye beoause both nake
both acid and basic "a S0 tions in the oxide are the :xije lesz stable and make

more Imoortant than H+  dssolution easier.
concentratlon of bulk
solution.

-ereased fatigue resistance Supportive, higher sur- Some suport, -an be exolained
with cathsdic polarization in NaCl. face hydroqen concentra- by ohanwes in oxIde film.

lion.

Decreased fatisue resistance with Consistent with the Im- Suprortlve, Increasinz d.sso-
anodic polarization in N:aCL. protective nature of luotin rate increases rate of

oxide and higher H4  crackLns.
activity.

Decreased fatigue resistqnce in Parallel behavior as in Some su7oort due tl ess
"aoSOa with cathodic polarization. NaCI because there is orotective oxide filr.

increased hydrogen in
both solutions.

71ilarity between potential Strong support. Can be ex<i!alned': nodifi-
lerendence for fatigue and 2ations In oxide f im
hydrogen permeation in eaCl. behavior.

TtIue in deaerated solutions. Consistent with easier Can be explained by resultant
H entry. changes in the oxide film.

-re-exnosure effect and the Unambiguous support for Cannot be explained.
rartlai reversibility upon re- H.E.
heat treatment.

:nisnsltivit- of fatigue lives Consistent with Idea of Consistent with mechanism
to mean stress in azoressive H transport by mobile because the cyclic stress
environments, dislocation which are controls the slip step area

produced by cyclic stress exzosed.
component.

Insen:i!tivit7 to aXressive Supportive, there is no Not suorortve unless effect
environments under "lode !!I loading hydrostatic stress :00- is due to the l abilio; of the
?ooparei to Node T loadlng. ponent In ",!ode !II to solution to coT to the track

concentrate H in the -_'r re:elon. This Is consl-
crack tip region. ered unlikely In

dynamic fatigue testino.
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zre To--e fracture surfaces of' 7075 T6 tested in (a, 4r,! PIr sncwinz ctleo
*v, Astrla-1lons arnd (b) In 0.5 NaCi showine: brittle or tyte B striation~s. :eS-s f

th'is alloy In dIstIlled water or in 0.5 : a3.ncuesralcasmlrt veAu the

arrX~zlonof cith-_dz potentials In Nat7 23'j-" a charre to -Z- 0'. 1~rw f~ct
drectIon of crack crowth and brackets -indicate crack advance per cycle.
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Figure 3.

z1re-2. Efct of mean stress on the corrosion fatigue behavior -f 7075-T6 in
'taC2 sol-ution shwling that, except at very large cyclic stresses (above ) mean stress
has virtually no effect on fatigue resistance.
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Ft-ure 9. The Pffect of loading mode on fatixue resistance of 7075-T6 in 0.5 _:acI
solution T.ese data show that loading in shear has 'little effect cr corrosion f'=t*-ue
susceptibility "..hen compared with tensile loadinz. The slight decrease In resistan~e
"h c:: is observ:ed in Mode III loading can probably be exolained by the non-Isotrr-lc
nat.ure :f The alloy.
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