UNCLASSIFIED

AD NUMBER

ADB193855

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors; Foreign
Government Information; JUN 1950. Other
requests shall be referred to The British
Embassy, 3100 Massachusetts Avenue, NW,
Washington, DC 20008.

AUTHORITY

DSTL, AVIA 6/16092, 8 Sep 2009

THIS PAGE IS UNCLASSIFIED




>,

- v

- 343 R

4“4'”»\
e

g
3
i

AD-B193 855
LRLLER

PR AP o i s

94-29449
JWNH!HWL,

" - ¥
% vt . N -
* K} i “ 3 i '
YL RO AT z‘»,‘z'/,, wgl
R «v'«-cz\‘:' @Ic" aufvanw § -
e B0 A T HSPEMTY . ’
’ - . b (b R e A b - ]
- " w‘wﬁ%ﬁtm\"'(ﬂi&ﬂ«ﬁ'lﬂ'x (w»n N T
. e et B8 ;o
> - A o wt N aiatod Wb Mo PR b the N - N
: nw. Yu:; ‘E’umw o coniiion Are, mmmwm P L .
N Wm ok ke bt AT OAS PN -
. | neen Sty Mw“ (o, m o g o
.y TRk .o .
o T PRRETANY, -thmmv mu»%w»m;w . L
* T e g el beb 10 s, o Wil e Yefamiel A.'w»&nu oo i
mmwma-uw pectasyipiidges SR amcobiid .
ofpbes A8 iy URG St At N - .
' ; ) i T " . ~ & L
¢ e [N - i o
N i . 'y
Xt o AR i s L e R e L [P U OV SERSCAC S

e



Best
Available

Copy



N . i
: H
¢
— -1
| .
'E :
: B Unclassified |
Ca ' U.D.C. No. 539.431:669.016 ' |
R : } .
; . Report No.iet.5k .

June 195C

ROYAL ATRCRAFD ESVBLISHMENT, FARHBOROUGH

Sorte metedlographic observations relating to
the fatigue of metals.
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4
P SUMMARY. .
Observations have been made on the microstructure of metels subjee
ted to fatigue stresses.  The changes observed include the appearance

' of defoxmation bands and crystallites in the originad grains. : !

) modification of the fabigue process occurs at high stresses where k
,‘ the rapid formation of crystallites couses & widespread disturbance of B i
F . !
; the grains. i '
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1 InSroduction

. Pxisting theorics of fatigue assuze that the process of voxk harden-
ing takes place on the slip plancs of the metal crystels wntil cracking
ocours if the siress is sufficicntly high, Mo gistinction as been -
drawn between fatigue at high and low stresscs as it bas been asswmed
that'the defonmadion was asscciated with slip 2ldne; the degree of
stressing would then only control the rate of vork hardemng and the
fatigue life of the specimen. The characteristic shepe of the fatigue
curve for a meted might suggest that ¥ue sechanisms wexe in operation,
but the complex rature of the strain handenang rocess has provaded an
tervative oxplanation. Orcwan! has pointed out that the slope of the
stoep rerk of the logS logn curve obteined by theoreticed considexa~
tions based on ihe rabe of work noxdening of.plastic regions sathin the
nefal crystal is aporoxinstely 1 while that obtained fron actual fatigue
tests i3 rawcly groator than 0.5.  Herc aguin, the complexity of the
recheniss of strain hordening and tho over Simplification of the function
by the use of & static strain hardening cocfficient has been realdised.

Gou,zh2 has motodlographically cxamined difforent retals, radnly in
the form of singlc crystels, nd has conciuded that the process of
fatigue a8 one of strafn hardening by slip on the operative glide plenes
of the crystals wmtil cracks occur on these plancs, From &his he hes
concluded thot the strain hardening process is identicel with that of o
crystal subjoctod to a static stress. He xesolves {he problem of
fatigue cracking anto onc of cohcsion between the meted stams which will
only be solved vhen tho complete theory of static xupluxe strongth has
been evolved.  Gough has adso suggested that s)lip is accompanied by
fragaentation of the original melsl crystel into small crystallites in
the xegion of {he vlones whore clip has-cccurved, and that these erystal-«
3ites sulfor a slight votation or ro-oricentation from the originel crys-
$2 direction.  More recent cvidence of crystal bresk-up under stress
hag bocn pud forward by Wood amd Rachinger?, Calinh, and others.

In the prescnt sork 2 study has been made of erock fommation apd
propogation in a high purity Aluminfuwn - #4 Silver oy, comacreial
puxity copper, and Lxmeo iron, the majorily of the tests having been
made on the first monticned mstoriol. Allsys of the Aluwiniwm-Silver
systan hed slready boen selected for o crewp investigation being wnder-
takin in the Dopaxfment In vicw of the ronge of solid solubility of
ailver dn slwminiun being convenient for the study of the propextics of
single phaso &nd duplex structures, and boeauss of the similarity dn
size of the Aluminitm 2nd Silver atoms and the pegligible solid soiubion
hordening reswiting from thig.  For the some iwo reasons the Aluniniuge
Siiver systan offers o convenient venge of olloys for the study of
fatigas. .

Tho observations were made in smoll polycrystalline specimens, the
vork-of Gough and others having established the close identity of the
node of failure in singde.snd polycrystalline specimens. To allow
continvous cxardnation of tho specimens while wdexgoing fatiguo tests
tho techniqus dugeribed in R.A.E. Report No.Met.39 was anploycd, using
stroboscopic illwination. The specimens viere vibrated until, in most
cazo8, fuilure in the fomm of éracking ccourreds As the alloy hed &
vory low proof stress it teuded to oxocp during the test and thus vpset
the vibrator sebting. This was overcomo by the-provision of a spxing
to oppose the puld of the elcctromagnet thus dn offect reking it a
constont strain machine.
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2 Heat treatment and orevaration of svecirens

Aduindus %5 Stiver alloy: Cold rolled to specimen thickness of
2 rr from §° diemeter extruded bax, mechined, and then heat treated for
1% heurs at %65°C followed by a cold water quench. “he grain size was
approxirately 0.2 mz diameter.

Comnercial covoer: Cold rolled to specimen thickuess from 3" dia-
meter bar, raclaned; and then heat treated for 2 hours at 800% in a
nitrogen atmospherc. This heat treatment produced a grein size
approximately equal to fhat of the Zl-Ag specimens).

Armco ivon: Cold rolled to specimen thickness frem % plate.
Amesded for 2 bours at 900°C in piirogen almosphere.

Fhe specimens were all electropolashed vithout any granding opexa~
tion afier the anncaling treatment o ensure that no worked surface
lgyer existed. They were tested an the. golished conditron so that swr-
face wovancnd, such as slip, could more readily be detected. After
testing, they were etched.  The reagents fowd most suitable were:-

Alwminiun - 53 Silver alloy - 504 HF in waber follovied by a conc.
H‘NO; cleansing dip.

Cormexciad. coppor - Fe 015 + HC1 in alcohol
Armeo fron - % Nital

3 Ths effect of the surface film formed durang cleckropolishing on
the amvcarance of the fatigued specimen

Thix hag'been the subjeet of a recent peper by Wilms. We have
2lso obsexved the marked effect of a surface £ilm foxmed on tioe Al %6 Ag
ailoy during elcctropolishing of the specimens. This film could, how
cver, be readily xemoved by short dip in the ctching reagent deseribed
above for this material. Oun Investigating the offcct of this fiim on
the surface appearance of & fatigued erystad, it was found that the film
greatly dnpedod the appearance of slip bands, whercas a specimen with
the {ilm romeved shoved fine slip bands after the slightest deformation.
In fact, the lowge nusber of slip bands in the lattoer specimens cbscurved
the dctedd of other foxms of dcformation which was observed on specimons
fatigued vith the £ilm in situ.  Ropolishing o ramove the slip bends
reveaded agadn the forms of deformation which had ocourred and which
will be described later. !

L Micxoscopic exomination of materials before festing

Muwdniun %5 Silver specimenst The structuce consisted of a com-
plete sokid solution of equi~axiod graindg and wasspracticelly free fyem
particles with the exception of o few dsolated strdngérs, which d4id nod
interfere with the obgervations.

Copper specinens: Those consisted of fwinned cqui-axiel gradins. ‘

Ameo ivon spocimens:  These consisted of cqui~exial recrystallised
grains. A few rosidual grain boundaries suggested that a much lcnger

enncaling time would bo required to complotely rcmove fraces of the for=
ner gtructure.
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5  Distortion vroduced by static stresses

Figure 1 shows the appcarance of slip bends produced by static
stresscs.  The shear displacement on the slip plances con be clearly
seen at the-edge of the specamen.  This represents the classical idea
of glide on the oporatave slip plancs. Although these slap bands axc
sharply defined at X1500 magnifications they are gencrally considered
to be many atoruc plones thick.  According to Termann® the cnly pos-
sible means of deformation is by slip or twinning, but recent woxk has
shown that other foms of deformstion mey occur. Slem! has shown that
defoymavion in g brass docs not teke place by slip on cny defanite
ciystel planc bub is brought about by movements of a complicated matuxc.
Those movemends produce bends dn the ovystol seme having o gifferent
oricniation fo that of the origiucd crystal ond others thought to be
layers of roxe highly strained metoriod. A mechonish of defoxmation
termed "Kinking' bas been doscrabed by Oroven®, ond he considers thot
thore arc meny andications that defoama¥ion bands in metods mtherto
considered glido or twin bands may be in reality 'Kink' bands. The
n¢ shonian of floxurad glide cither with or vithout accompanying rolexes
tion in the form of polygonisation™ can also bo considered as & pocsible
form of defoxrotion. The result of any of the latter forms of deforma-
tion will be loeal variations in ordcntstion, vhereas pure glide will
cause no such chonge.  These Veriations moy bo very small ond difficul-
ties in detection may fherefore be oxpordenced.

Possible methods of roveeling locel vardations in orientation by
motallogeaphic means include, éag by deteoting differonces in sucface
Jeved on the polished surface (b) by preferentially ctehing arces having
a difforent oxientetion, or (¢} by the use of on ebehing reagent wiich
s sonsitive cnough dv its attack to revedd bounderics where the differ-
enco.in oxdontation bebvoen addccent creas is very wmall.

The second methiod will produce 'stepped’ bounderies, mnd slthough
tho difforence in level may be very slight it could dn the present
investigation bo revented by stopping down the light source and thus
roduckng the effeetive mmericad aperfure of the microscopo objcctive,
The offoctivencss of the third mothod will depend on tho differcneccs dn
orientation b the bowndardes.  Locombe and Beaujord” have shown dhat
the etching offect becomes nogliglble 1€ tho difforence in oxicntation
is only chout 19 ox less.  Locombe has used resgents which produce
otch pits fo roverd these 'difficuli’ boundsries, the bounderics being
outldned by these pits.

6  Digtortion erfocks produect by 3o stresses

Baing g }Imphrcyw viere the first to mXke o study of the micro-
structured chongos brought cboub by cyelic stressing. Their observoe
tions ded them to suggest on “attrition" theory of fotigue in which tho
ropeated npplications of on wnspfo stress produced xopected siip rosul-
ting in sttrition of the sdip planca, this attrition eventully led to
cracking snd ulfimate fadlwre.  This suggests thed Af slip occurs then
witinmate fractwrs nust Hllow, but 44 has been found in the prosent
series of teals that appreciablo plastic deformation occurs oven ot
stresscs below tho safe renge cstimated on & bags of 150 X 106 cyeles.
Stredn havdening ocours below cnd chove the fatigus linmit, suggesting
that siip is not o weokening process and therefore the attrition thooxy
doos not acom tensble.  For oxamplo specinens of the Alwminiwm ¥4
Sijver 23loy has boon fatigued ob o certedn Stross for moro thon 150 x
100 greles ond mony skip'bends weye epporent after this txcabment but
no 2dditional olip bonds or signs of cracks wore obsexved suggosting
that, the slip process had hexdened the moboriod sufficientdy to meke 3t
roeiastant to furtlier slip ot thot portiowlor stross. Under those

-6 -
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conditions It would appear that the matorizd would not deteriorate fur-
ther. Specimens fatigued at Slightly higher siyesses showed wore
morked $2ip, and one shich fadled after 150 X 40° cycles is shovm in
Fgure 2. In the as polished and fatigued condation the specimen gif-
foxed Lxons the jrevious one in the nutber of slip bands present and an
their morc marked appearance in the rogion where failure had occurred.
1€ both specihens were clectropoXished, however, the slip bands vere
removed deaving o Leoturoless sweface,  Etching this surface revesded
defoxeation bends and smodl crystellites in the specimen uhich hed
cracked, slfhough none could bo detceted an the uneracked specimens.
The gefornation bonds wore very clearly defined in some ceses, see
Pigure 3, but vors more usuclly irrcguler. These bonds seem bo codin-

« cide vith the surface stristions which werc obscrved an specumens fobi-

gucd ot higher stresscs with the polishing filn stid} in situ. It
seems now that these striafions were defornation bands which had been
rendered opparent by the shsence of slip bands on the surface.  The
normad Mght microscope working with o greatly reduced M.A. 2s extraacly
sensitive Yo differences in lovel of the.surface of a highly polished
specimen. A fringe pattern of a crystol containing these striations is
showt in Figwre L.  From the pattern it can be seen that the strastions
are of & corragafed or unduluting nature, the difference in lovel from
crost to trough buing about 0.3y,  The ususl slip bands &s produced by
stabic sircgsing show as sherp stops in the fringe pattern and would
Sherefore be cizerly distinguisheble from these straotions. Fatigue .
tosts tiore made at various stresses end it was found that s the stxess
wig dnereased wore mexked defomation bends appesred, wnd the slip which
appeered merked necx the fatigue 33mit now seemed to be of doxy
importonce.  In specirwuns with fho surfuee .film no slip bands oppesred
except ab the Jower stresses, olithough fests mede with the £ilnm removed
shovied thak thoey siore produced ot oll stress deveds.  Xf scomd fran
this that on annccled erysted will slip freoly wntil 4% has been suffi-~
ciontly hardencd by this siip. If, however, the stross 4s high cnough
for the fommation of these deformation bands the slip process is greatly
dnpeded and becones o sccondary proeess.  Lests made on specimens at
the higher sbresses showed that these defoxmation bands gave voy to an
cven Jarger seode deformation.  Fagure 5 shows these striations and
Figuro 6 shows the movo nidespread dcformation which ocours at the
highor stresses, ¥hde surface having bogn repolished to ramove the
mexking oiip bonds ond then etehed.  ¥ne rddges'and furrows which ocour
in this fype of defoxmation oftcn run along, or parallel fo, the gradn
boundaries and ¢ye not sssociated with the crystal plenes. From this
it cop bo secn thot threo foims of defomaticp are securdng snd the
prederdnince of any ono will deperd on the stioss lovel of which the
rotericl 3 being fabigued.  Eardier 4% was shown that these defommas
fion bonds could bo roevealoed by otching becouse of bhe slight Aiffor—
cicos in oxfendation vhob exist in the exystal. X6 con bo scen from
Figure 6 that the defomed wreas consist-of wony meld crystediitos;

the now boundexies of those erystellibes are more elenxly shown in
Plgwros 7 and 8 ond sppear to follow the contowrs of the xipplos, as

orn bo seen in Bigure 8. Tho widespresd dcfoxmation seams, therefore,
o bo associnted with the formnfion of crystollites, the procoss of
crystaXiste formation allowing further doformation to occur.

Fotiguo Yoats on copper specimens have shown thot stdp is very
nerked as is olso crystollito formotion, especially when associated with
the slip piened, A% tho highor stresses o mors general fomn of defox-
nation With amell very clenxly dofined crystellitos is slso observed.

It would seen thereforo thag both.the Alumdniun-Silvor alloy ond copper
bohave 3n nuch the gemo woy vhon subjected to cyclic stresses.

Figuros 9 oand. 10 show cxyate&liv‘es ngsociatod with s1ip bends, and
Figure 11 shows the riore doeply ctehed erystediitos which ocour of tho
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nigher siresses. 411 the copper specinens showed a marked moseic pat-
tem-which can be seen in the background. This was only revesled in
the mxterial fiat hed been swbjected Yo cyclac stressing. Figure 12
shews the rosaic patiern produced ab a dow sicess level, the mgher
stresses producang a fiher rosaxc. The Armeo iron specimens showed
sindlar crystellate formations to those observed an the Aluminium - §0
Silver a3loy specimens. A fypiead rezion of crystallites is shown in
Frgure 13 The surface of Alusdniws - 3% Silver specimens after
fatiguing at & high stress leved are shovn in Figures 14.16. The
cellular network sattern which was offep observed on the polished sux-
face affer being fatagued is shawm in Fgures 1k, 15 end 16, It can
be seen that the cellular structure appears in axeas of crystallite
formetion and thal some sawzdl crystallifes presumebly of a favoursdle
orientation for slip shos this structure very clearly. The spccinmen
shown in Figure 1l vas fatigued, repolxshed, and etched to revead the
crystailites. The copolishing and etching treatment ramoved all evi-
dence of the ccllular padttern but after further fatiguing it reeppears
in certain crystallites ingicating that further deformation, and pos-
sivly fuxther ciystad breskdown vas occurmang., Figure 15 shows an avea
of {hie structure at a higher magnification fraam which it can be scon
that sporccisbic ¢ifferences in orientation occur throughoud the axca.
Some of these arcas differ in orientation by as much as 1C°.

7 Boundary moverent

A roticesble offcot of the fatigue stresses on the structure was
the moverent of grain boundaries. Thus, boundaxies which were ini-
tially invarisbly straight or smeothly curved, were of irreguiar shase
after being fatigued. This is shown &x Figures 17 and 18 where i can
e sech that the irrcgular nature of the boundary is associated with
the defomation bands vhich were present in Aluninium « ¥4 Sutver alloy
specimens.  Figure 19 shows a similar effect in Amoco ivon. It vas
noticed that the effeet was more marked af the difference in orientation
belueon the sdjoining grains was amall.

8  Crack formabion and propogation

Figures 20-23 show the initiation and progress of fatigue cracks in
an Almindus %3 Siver alloy specimen. This specimen was fatigued at
a lov stress level whore only the locslised foym of crystalliye forma-
tiow oceurod.  Fhe Lirst cxacks appeored affer shout 10 X 10° rever-
ssls.  Figurce 24 shows cracks at X2000. I can be clearly scen that
the cracks ave jrregular as though they follow srall crystallite boun-
daxdos,

Fatigue and crack foxmation in alloys at higher stress lovels is
however a gifferent process. Fagurs 25 is a schematic sexies of diam
grams showing the sequence of events lea&ing to the formation of & crack
at a high stress level in the Aluninium - %0 Silver alloy. The fea-
fures cbsexved in the Cinzd stage ave shown in Flgure 26 in which the
100t of tho orack is scen o be propressing through a region of crystal-
lites.
vas poarly aiways associated with the twin bands as shown in Figure 27.

s

9 Reverse bend tests

It vas thought that a fow reversals of bending of & laxge strain
aplitvde might produce similar changes as the fatigue sbresses had |
done.,  Tho form of spocinen used in the fatigue studies were used Yox
these tosts. The Aluminiwa - % Silver elJoy spoeimens wexe.ghven one
or more vevorse bends of +10° and exurples of the nicrostructures afber
bending are showm an Fagures 28 and 29, After bending the specimens

-8~
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were xepolished to romove the siip bends and then ctched. It can be
seen from Fisures 28 that after only 2 bends a muaber of defoxmation
bands have appeared.  The difference in orientation of the bands fren
the ronedpder of the crystal can be seen very distinetly where aifferent
degrees of grain boundary etehing are visible at the ends of the bands.
This effect is similar to that sometimes found wihere fvwan bands meet a
grain bomndary.

Furkber reverse bends resulied in the more or less continuous bands
breaking up indo a number of fairly well defined crystallites very suni-
Jar to thosc obicrved in the fatigue fests. This is shown an Figure 29.

Reverse bend tests on copper specimens produced meny small cleardly
defined crystaliifes, again similer to thosc found in the fatigued speca=
nens.

10  Zhe strain/logN ocuive for Alwmintum %% Silver allov

The obervations rade on the Alwminiwm - 3% Silver specimens have
indicabed the change in mode of deformation which ccours under @iffexr—
ent degrees of cyclic stradn. Diagrsm I shows 2 cuxve in vhich the
total deflection of tho specimen has been plotted against endurance.
The experiments show that deformation by & systen of bands is confined
to the Jover stresses, and that dofoxmation by a rmoxe gemeral crystal-
ite formation cccurs on the stetper part of the cuxve, Lhe change fronm
one form to the other occurring at the 'Knee' of the curve. AL stroin
empiitudes corresponding to this region combinaticns of the two foxms
of defoxmation arc present. From these obscrvabions it was possible
to state in general tcoms the fatigue conditions to which a particular
specimen had been subjected.

11 Discussion

In a metallographic stwdy of the effect of eyclic straim in & nm=
ber of metals slip bands have been cbserved ot all stresses whore plas-
tio deformation ocours. At high stress levels the slap is accompapied
by deforration bands of a different orientation from ihe surrounding
Qattice. On fhe basis of the observaliions made i% might be inferred
that tids change from pure slip to deformation bands occurs vhen the
tzafe range' for Yhe metol is excoeded. P Cerbadnly on Alumnivm - ¥5
Silver specimen which failed ot 150 X 10 eycles showed defornation
bands. Mo such bands could be detected on specinens vhich had been
subjectod to lover stresses without cousing failure, slthough slip bonds
hed boen appexent on these speeimens.  Vhether defomiation bonds vould
appear at some cxbonded time it is fmpocsiblie Yo soy.  The observations
do not preclude this possibility as the bands are not nocessarily pro-
duced instantancously but may bo produced aftor many repetitions of
strodn on certodn flip plenes.,  Reversals of o high strein value my
vexry rapidly produce deforvation boands o8 way found sfter 2 Yeverse
bends, bub In the cose of the longer life specimas 4% seams to bo o
BOYG prolonged proooss of deformation.  These bonds yesanble twin bonds,
and it sccns sigulficont that cracking starks ot thesc bands while cop-
por which exidbits annealing twing ds prone %o cxndting olong fwin
binds.  These doformation bands eventuedly brosk wp dnto sal) crysteds
ites so thab erocks which form ond foliow fheir boundorics ave of an
ixregudor nabure,

¢« Tho deformation charactorieed by bands of erystollites foxmed ob
tho =1ip planes is docalised n tho sensc that no loxge seole movement
of the crystal lattice is involved, It 13 in this crespect that tho
difference in behaviour of the highor strwsass bedomes most apporent
d.e. where large Scale movement of £he metel is cbsexved. The rosson

-9

v

v

——




-

e

e

Fead BT kT TR AR BAe ees SWAC YW S e ORRENS Yeiw & £ Y0

PSR-

[N

e

*

bl

Report No.Met.52

for this difference is not yel understood, but the lugher degree of
plastic strain per cycle would be expected to produce a more wigespread
deformation, although time also mey be an importent factor. Fhe contin-
wus foxration of crystallites wder mgh cyclic strain appears to allow
& genered plastic movenent of materzal presenting the sppearaunce showing
in Bgure 6. Such deformation might possibly be related to that shown
by food fo.oceur under creep stresses. This generad defoxmation even-
tuadly Jecds Yo the formation of a deep groove.md at a later stage, a
crock develops.  The formation of this groove end the-increased sweface
axea taken wp by the forzation of wnduletzons sugzests that the deforma-
tion wder cyclic loads is greator during the tension pard of the cycle.
Continuous coystel breokdovn an the hollows will cause a deepening groove
and cventuedly a erack. This sequence is shovn 3n Figure 25. The
region of crystal breskdown precedes the root of the crack, as has beem
described earlier. Thus it scess fxi the observations made that
fatigue is not a sirplo strain hardening process but 4s complicatcd by
the formation of deforration bands and crystallites wathin the mebad
crystal. This phenomencn is most marked at high sbress lovels and per-
rits & continuwous plastic movement to occur while it is in progress. It
nay cventuadly inifaale a crack by forming a groove, and all crack pro~
gross sppears 40 be asgociated with the formation of a zone of crystolw
Aites ahead of tho xoot of the crack. Until more is known sbout the
mochanicsd propertics of such an aggregate of small cxystallites it is
not possible to ¢stimabe their effect. I they are softer than the
surrounding gredus it mey be thot the stress-concontration at the rood
of & crack endering such a zone is lower than that estumated from elastic
theory, and thle may account for the observations that song cracks pxo-
gross a cerfuin distanco and are then overtaken by other cracks which
ore foimed later. The presence of the crystallatos mey slso conbribule
towexds prolongang the 1ifs of the spocimen by deflecting the crack anlo
& dixcction paxallel to that of the opplicd stross and thercdy reducing
&ts cffcotivencos as o stress roaiser. Tho presence of branch cracks ot
the xoot of the muin ersck moy also help to dissipate the stress concens
frotion in thds region.

12  Conclusionsg

;.”}u;ee myberials have beon examined undér fatigue stresses, Adunin-
fun - o Silver aXloy, copper and Armco dron.

23} the tests havoe shown that fatigue cracking as proceded by some
form off eryatullite formation. .

Sip bands oppear ab el stresses down to well bekow the fatiguo
5.

Deformation bands, which appear to be regions having o slightly
axfferent orientation to that of the parent crystal, wexe cbsexrved aftor
2 raverse bends of a Jarge strain emplitude. At Jower strsdns the
bands viore obscrved $o be formed in regions of slip,. the process toking
& xelativaly dong timo. It is those deformation bands which ater
broak up into crystallites,

A% tho highor styadn emplitudes a more widespresd erysted brockdown
ocourred with extensive orystallite formation. This process silowed
naracd disturbanco of $he surface materiad into folds or uwnduwlations,
Cracking in this condition wos preceded by a continuously decpening
groove, and tho cracks progressed into o region whore crystollite forma
tion hod occurndd.  ®his was elso truc of the tests conducted ot over
stresses in vhich a crack hed fommed, becouse tho high stress concentra-
tion &t the root off the exack nroduced cxystullite formation.

- 40 - -

OV ——




4 i
H i
*..3‘. . . i
i H 7 i
[ Report No.Het.54
, ) . :
i !
Copper cxhibited a *mosaic’ background structure vhen etched afber . \
. fatiguing. The degree of faneness of this mosaic seemed to depend on ‘
the siresses involived. Near the point of fracture the mosaic structure ,
could only just be xesolved. x
L
Exaaining dhese structuces in relation to the strain/log¥ curve it
has becn fownd in the Aluminium ~ %5 Silver alloy $hat the change in the
slope of the aurve coancides with the change in type of deformation.
' Harked modification of the grain bowndary was often cbserved where
the difference in oricvtation betvieen neightouring grains vas slight,
especiadly al the cnds of deformation bands. .
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ORIGINAL ANNEALED GRAIN'STRUCTURE

i BREAK:UP OF ‘GRAINS'INTO SMALL

DEFINED, CRYSTALLIES

FAINTLY

. THE "ABPEARANCE oF MORE SHARPLY;

DEFINED CRYSTALUTES wITH FLOW

'OF THE METAL NEAR.THE SURFACE

MORE WIDESPREAD CRYSTALUTE
FORMATION AND AN INCREASE IN

THE MAGNITUDE ‘OF THE CORRUGATIONS

THE FORMATION OF A DEEP GROOVE
WHICH EVENTUALLY INITIATES A CRACK.

'A REGION OF CLEARLY DEFINED

CRYSTALLITES PRECEEDS,THE ROOT,

OF THE CRACK

THE- SEQUENCE*OF CHANGES OCCURRING IN THE
STRUCTURE*OF AN ALUMINIUM- 1% SILVER. ALLOY"
WHEN:SUBJECTED;TO. HIGH: CYCLIC}TRESSES
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