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TE~ EFFZi;”03’SURFACE1?INISH ON-T;E
—

FATIGUE PERFORMANCEOF ,CERT~INPRQPIILLIIRMATERIALS
.,.-. _— .

By H. W.,,Russqll,H. W’rGi,llett,L.R.,.Jackson,,: ..-.—-.—.,- -’tin&Gi””M. Foley”

,,
,.. ., ,: .- Suykfm”y. ,:““”.!“._.=,–,7.. -,--–.::

,,.
- 4=.

. . . .,. ., . . ... —---:..–: -—— =.. -,,. . -,. -,--- :,
—.- ,.. -. . ,. ._,:.= . =-

The“e$fe”ct‘of‘+arious“surface;fi~i%-~e.s~~ -th~.q-n~~-~
durancs’of.fiarma~i~6&“~4i30.~n~“4:,4.0Ste,el_Sand,@yT -..–
aluminum.allo’yh“as,~’eeninves-t”i-gated. “It-was “found that
the smoothnessof”the surface of”@ fatigue“&peCimeq..~as”
of less:importance‘thanotherproperties.b,f,thesvr.fa.o.e?._
All mechanicallyformed surfacestested,were “s~roriger
than electrepolishedsurfaces., Zt is concludedthat a
smooth electrop”olished sv face is an unstr=n-~thenedone.
For this reason, removal of damaged surfaceby electro-
polishingis nQt so effectiveas mechanicalmethods of
removal in prolongingfati@e L$fe, becaus,e”rne”chanical
removal also strengthensthe surface while electropolish-
ing does not. --.- ,--,.,

-.
.—.—

-=—.. .

. .., -.
.,

, INTRODUCTION ,,... “
. . .-.. .—.,

Aircraft propellersare subjectt,ofa$lureby fatigue.
3?atigu~-f”aiLtitiecomm”on~y,,or’iginates at“the..”surface,.and
it is, therefore,importantthat the in’itial s’urface fin-
ish he such as to insuremaximum“lifeunilerreseated stress.
F,urt’hermore, during t,qeprogress of fatigue~-“thesurface
metal must -~eteriorat~$and i% is desirable”to determine
whether, by the removal of the damaged surfaoe m.stal,an
increasedov-er-ill“lj.~emay be s-ec-u~e”d-

.-. ----- .-.——
Anodic electropolishin~~rov~d,esa means.of.rem~ving

agounts of.metal up to “a-few-thouetigdthsof an igoh thick .
and of leaving a smooth-surfs’ce.If it is l)eneficial$
electrepolishingis commerciallypractical at a moderate
cost. !This..investigation deals with ~hg ?at$gue charao-
teristicsof’el.ectropo’lished~ropel%ermaterials as compared “–
with various mechanicallyfj.~ishe~s~face~, ‘‘-

— ..

—-
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This investig&tion,,’-’confh@t”@.at”..th.eBattelle Memori.al
Institutewas sponsoredhy, and conduotedwith financial
assistancefrom, the NationalAdvisory Committeefor
Aeronautics.‘“; ““I“:’’’.’””.’ :-’-,.--

,.. -,, ,.,’.’.... .- ,’, ---- . ..-
. . .. .. . .

T4XPERIltENTA”L’WORK‘
.

,., ...
Mater’ia18”’Uis.e’iji.”th:aIlvestigation.’“’- --

Two heats of chromium-m,olybdenumsteel were used.
The NationalBureau of Standardskindly supplieda large
amount of X4130 steel in hoi–rolled5/8-ir-ichdiameter
%arsfrom Carnegie-Illinois,Steel CompanyHeat No. 182983.
The other steelwas 4140-,,hot rolled to ~/&inch rounds,
f-remBethlehemSteel .Corpor.ati.on,HeatNo. 1A15.9.. T.he
analysesof these heats fallow, the X4130.analysisbeing
by,the ~ureau of Standards.~the 4140 analysisby Battelle
Momor-ia2Institute. ... .

Steel : . . .x4igo.——— . 4140
~ercent) (~ercent~.—.--——-- — —— ---

Carbon
Manganese
Phosphorus
Sulphur
Silicon
Chromium
Molybdenum
Nickel

0.33 0.40
.54.. ”””. ..! .70
.017 sO16
.022 .033
,21 ,23. . .. . ;86 ..”:. .98
,19 m18
.06

.,”

Most of.tho aluminuma,lloy.specimenswere cut from
a 255-T rough propellerforging rejected ~ooauso of a .
forgingdef”cct.The fatigue.spacimens.wero cut longi-
tudinallyfrom,a slab.cut from tho middle”.ofthe forgin”g.
Oarofulaccountwas,kapt of tho locations,in the forging
fr-omyhic.hthe individual~peeim’ons~..came.,but no diffor-
cnco could he found.between.specimens:fihishedin tho
samo way but coming from differentlocationsin the forging.

,, ,,. ,.,,.... . .. ..... .. ..... .,, ,--
A f owhal~inum alloy ;pecimenswer.ocut from-a 25S-!C

.b-illet,!l?hosewere rehbat-t~eatod,‘ They were Tut in an
air--drawfurnace at.970° Fand’ heldS/4 hour:heforo %eing
quenched.in.water. ~h~$ were then aged-15..hoUrs at 3300 Y
in an air-draw,furnaoe~ Most of these were tested as
heat–treated,., ,,,. .. , ,; ... , . . .

m

b

—
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All it-eels-pecirn9A~~eienormalized ~> jjlacing”12-
inch lengths.ti”the ‘s-tocki,na furnace .a~1600°-l?,hold-
ing ~1. hour,

——— ——— —
ahd cbolingverticallyin still-air.

f

SurfacePreparationof Specimens

All specimenswere turned in a lathe to a longitudi-
nal radius of 5.26incbsand a“minimumdiameter of 0.295
inch + 0.001 inch (steel specimens)or.0.300inch * 0.003
inch (duraluminspecimens). All a%rasivepolished steel
specimensand some o_f,the abrasive-polishedaluminum
alloy specimenswere polished longitudinallyon a slowly
rotatingwheel of slight~yless.tha.n5.26—in_chradius _
successivelywith no. 150, no. 320, 3/0, and 4/0 ‘Luminoxn
metal finishing cloth,.The aluminum alloy polished too
rapidly.op_the no. 150 c“l-oth,so this gr~d”ewqs””~goppe~
in-polishinglater specimenswith ,noperceptibleeffect._
on the endurance. ----

All of the electrepolishedsteel specimenswere
finishedby longitudinalpolishing-.-withnom 150.cloth te–
fore electrepolishing. Many electrepolishedaluminum
specigengwere left ~s turned, since no effect of prev”i-
ous surface-finish could be found after electrepolishing.

Specimenstobe ?Iectropolishedwere painted on the
tapers to ~event polishing$hese areas. ‘“Theywere then
vapor-degreaseda“ndelectrepolished. .-.---..---.-

.4

Steel specimenswere electrepolishedat a tempera—
turo ‘~etween100° F and 140° T at a currentdensity of
200 &mpereEiper s~uare foot“in~“liefollowingbath:

Percent _ ____————-
~,,:-....-.> .--—-..--:. — -.:.

H2S04 .44 -“,:...____ : ; : “.

H3P04 75

Cr03 ‘7 . —.

Water Balance
_—— — — ——

The specimenswere rotated during polishing.

—.. _ .
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A~uWi.numalloy 26S–Ts-pecimenswere polished at a,,
tem.pera$qr:eof“170°X and currentdensity of 100 aq~ere~
p~nsguar,o:foot.,inthe following.>atB.:._ .......

Percent

H2S04
.,. .

HZP04

14

59. ,. -,,
,.:

cro3 6+.’ ..

Vat er Balance

T~e.specimenswere still during p.o”lis.hing.

The.surfaceproduced on steel s~ecim.snsby .electro-
palishingwas,:bright.qndpit-free. A fai?ly bright raw-
face was also obtainedon aluminum,but these.were many
pits; and attemptsto -producea pit-free surface”were not
successful.

Lathe–finishedspecimenswere turnedby a tool with
a rounded edge with a cut of ,Q,007inch., The speed.was
of 31 surface,feetper minute ~nd.a feed of 0.00.22ffich
per revolution.

Ground specimenswere.Bade in ~ha,lathe usin”ga
Dumore grinderwith the.wheel r,ot.stingat.1.800.surface
feet per minute, The cut was 0.005 inch deep,

Xquipmentand Proc8d~~e... . .

All fatigue testing was performed on ao~ifiedR. R.
Moore specimensin R. R. Moore machinesrunning at 10,000
rpm. The modification.ofthe specti.ensconsisted,incutt-
ing them with uniform longitudinalradius from tape~ to
taper thus eliminatingthe l/8–inch,,Tadius fillet used on
stand,ardspecimens. Syecimenswere tieasuredcarefully
with ball-pointedmicrometersreading.in O.OOOI—inch.units.
The minimum--diameterwas used to calculate the stress.
The f-actorsentering,the.s.tresscalculationwere known
well ‘enoughso that the nominal stress was set to better
than 0.3 percent in all cases.

P
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TensionTests
. . .. . . . .. . ...

Tension tests we~:ernad~”,~n,tli”&-S~~”~~-3Q~.6~e=~-’~n~ ‘=””””““ ‘“
on the 25S-Z!aluminum“all.’oy.,!t!het’6St-“%a~for tha 2%-T
aluminumalloy was cut‘transvOr801-yfrti’tithe p~djjeller
forging– that $s, at right angles to the directionin
which the fatigue specimenswere cut. The results are
shown in ta%le 1. ,.

/ :,...

Fatigue Tests : ..-— ,L

Fatigue tests on a%rasivepo”~ish.?dan&---@lectro-’-
polished specimensare reported in t“~bl”~-s2 .%o”4-an’dare ‘
plotted in-f$.gures 1 to 3:

..-,.-.’---- ~ ,.
The enduranceof abrasive,polished-”specimensis al-

ways,better than that of electrop.olished,spe’cimene.Tlie
relative endurancelimits are:

Stress AbrasivePolished
Material Life Stress Electrepolished”

[perc<nt) “-”

X4130 . .At endurancelimit .10’7

4140. d.o— --.108 ..

25S=T 10= cycles: ‘ . . 113 ””-

25SW? 10+ cycles . . 106. ... .

Sufficientspecimensof X4130 and 4140 were broken
as finished on the lathe and also as,finishedby”circum-
ferentialgrindingto establ$shrough fa~igue curvesfor
these surfaces. The results of the tests are gi+en in
tables 5 and 6 and in figures 4 and 5. The endurance
limits found for these yari.otis’”s-tilfacesare”: ‘

—.&—-

Endurancelimit-p.s:i. ‘..
Finish ,x4130 4140 ‘

....-

Electropolished 45,500 60,500 ““”
Abrasivepolish 49,500 65,700
Lathe finish,unpolished 48,500 61,500
Ground circumferentialfiy 52,000. 66,500

.

. .
,,
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!l?h-eendurancelimits for the various surfacescan be
expressedas @eroentages-of b+e bn-durabcelimit of an
electrepolishedSurface;as fo~~ows:‘ “““.,.

“EnduranceLimit : .
Surface”- X4130 4140

(percent)(percent]

Xlectropolished 100 100
Abrasive polish “ ‘- “-” ‘“:““ 109 109
Lathe finish,.unpolished 107 102
Ground ciroumf~rentiaily”” - 1“14 110

It is a~parentthat the “effectof various surface
finishesdiffers in these steels which are closelysimi-
lar in composl”tion;i} is ,quite-~-o%sibl>that %%efi-inthe
same steel small differencesin the preparaticrnof ~ur-
faces of supposedlyduplicatesp”beimenswill change”the
endurancemarkedly. It may be noted from figures 1 and 2
that the consistency’of results on electrepolishedsteel
specimensis better than is usually ohta%nedin laboratory
fatiguetests.

*

A number of aluminumalley specinenswere tested at
a single stressafter variousmethods of surfacefinish-

*

ing. The resultsare shown in table 7. The rough longi=
tudinallypol~sbedand rough circumfer”entiaJlypolished
surfaceswere made with Ho. 320 abrasive-cloth. Nose of
the surfacestested were as strong in-fatigueas the fine
longitudinallyabrasivepolished surface. .—

,..,.,,

IH?~XUTOY’&XCTROPOLISHItiG ON ZNDURANCE

The results obtainedfron fati~e tests on fing longi-
tudinallyabrasive“polish6dspecitiensare usu”allyconsid-
ered to %e ~lstandardlland the enduranceof such specimens
to be better than the:enduranceof specimenswith othorsu&
f achs .’ The @recedingrekulte show that this is not necess-
arily true and that specimenswith deep circumferential
scratches may have .bet,ter endurancethan polished ones.

The interestingfjat~iguepropertiesof the surfaces
testedmay he clarified.somewhath~ a -studyof the taper
sectionsof sorleof the samplestested as shown In figures
6 to9. The taper sectionswere preparedb; electroplating
a coatingof nickel’onthe surface to be studied. !lhe
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plated.s~eoippnWas then ground &&” polished’”’~>ta~~o---
,-

&aphically so”tha”t”‘thesurfacer~e.v.f%laq.:~s:.a~.”.% .~;~~ll
-—--=

.-.94
angle with tih’e“s~e-bls“u’r.fac’e“beingS.ktid.ie.d:...!heeff.Oc&.
at-the .+unction of”Steel tii%.hntckel.:i.s:”&s .-if”a ‘.s’~-i~of.

—

.-- ..”. -—
—. ...-r—

. ..—

. .

nickel“~,adwashed”tip.at a“small angike..$6,the;s.te“elfi~u”r-f~ace;
‘~h’anicks entiers’.%bratches ak ;if.th”,ey’wer? val.~eys.:“““~fie
““irr~gu~arities o’f‘thesurfa“ce.ai?.e4@gnZf:~.ed-in..ad.$r.S5!:~02. _
perpendicularto the junction of“steel4uQ,nlc.~el;. 3?Q0.,
thjckn,essof layers in planes parallel to the steel Sur=
fdce :i$.als”olilb,griif-ied~: ‘“ ,. .-:... ,.~,~T .=~~-~ ~,,- ,,’ . . . .:..., .. —!.-——.“.._ ,.... -

“‘A‘closescrtitin-yof figure 7, a taper:$“?ct~oiiof -an ‘-
abrasive~’oli”sh&d’“fatigue“sjeciqen,r.eye:als.“aZayer.,qf.

‘ disto~te~-fi~~al-’grains whi.ch”~s.not present.i~..the:Ql?C’-
tropolishqdspecimen(fig. 6). A layer clearly differ~n-
tzate,d.:frtim”tbd body’of the specimen is“also,presqnton
the‘surface’of,theturned specifien(fig; 8) and the .g~ound
~p;citi+n”(fi~o.9.);“,“-In.”thelatter case;.the outermost
laybr is’””ofa white‘mat8bialwhich..was not dar~ene~”by_
““iern~~riri~“a”%‘“~d~”$ an~...has‘not“beefiide~tified... .. .,?,. ...... .,. ..- ,--- .-:.-. .........— —i.++ ..-*.-. .--.., ----- . ;. -..-.
-““-~Tfi8’-’d~st~ktedhaterial on:the s-&r~ac&of,the mec%?a–

————.. .

icall$“finished.specimens.maybe stronger.in ~i,~-~jijethan
the bodys“of‘%h’e;s~ad.im”anand thus,”:hay’‘be, in ~arf-~‘.fi6.~--
causefor the good enduranceof the mechanicallyfinished

Mechanicallyfinished surfacesare also ~uite likely
to,have stressesremaining in them from machining opera-
tions’-:““J’.”O. ‘Aim’bfi’:~(.r6~erbnc&1.),points,out ~haththe
endur’ancbis much B’e”t’t’e$utidercampressj,veQr es8.than
unde~ t.end-ion-”’stress’,landthat a .compr.*s.s iveIs.tre.~.s..$?3
the surfacelayers of a part will s.UP92@.0.s;%on th9._qP_.
plied cyclic stress giving longer life at the same ap–
p1,ire’d-.,Ktr”es.s.No “i~+e~+ig”atfofiwas’M&die~@ ,tHiezfiternaT

—— ——

stress~s‘in’’t”he,’”s~eeim:ensused‘liere,.lm.itit i.s ‘p=oTssi,@ls
.— -—-

tfi’a$‘the,u~chan-ical“finishingtreatments””di~-prod~ti~FE6
desirable compressive‘&tress’in the’.sw#ac@s,;:.. ~~., .:...., ,,, . .... . :.:” -. ”-- 7-.—: .-,—,, .. . ,,,

If is; of course,possible that theslec$ropollqhing
dama~es the“ma%&ia~.. In duralumin,.it is.qui+.e possible
that this has happened, since the pits produoed by elec-
tropolishingare certainlynot desirable. On the othe-r
hand, it did not seem likely that damage which was not ob-
vious on the surface could be caused by the electrepolish-
ing. The gas given off at the sPeCimQDj o,xYgen?is n?~
known to diffuse to an importantextent through metals a{
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room temperature,and no other cause for weakeningseems
likely. Steel specimensLwereelectrepolishedaJIdthen
abrasive-poliphedand had the same strengthas -ordinary
abrasivepolishedspecimens. : .:

-Eighteenspecimens:,weremade from a“bille~ of 25S–!l!
aluminumalloy. Sixti these w.ere abrasive-polished,
six wer~-electropolished,and six were left as turned.
All were then.heat-tre:ateda.sdescribed.under llPreyara-
tion of Specimens::(p. 3), The S$X turned specimenswere
then electrepolished. The other 12 specimenswere tested
as heat-treated, ,-

The results of the tests are given in ~able 8. The
specimenspolishedbefore heat..treatment’fall within a
closeenough range-to be..consideredequal specimens. The
specimens61ectrppolished after heat treatmentare er—
ratic and, at the,lowest stressused, comparativelyweak,

T!he,t.estis.thus notan entirely..satlsfactory“demon-
strat&an that electrepolishingis not damaging. The only
explanation.which-comes quickly tomind for the er”iatic
behayiorof the spec+menselectro.po.lishedafter“heat
treatmentis that the damagingeffoet of the pits produced
‘inelectrepolishingthe,duralumi)lis minirniqedby the heat
trbatment, or that the pits produced %Y electrepolishing
a freshlyheat-treatedsurfaceare more damagingthan
those produced by polishinga mac’hinedstir:face.

.,.... ----------.. :.’ ..

‘X~TEO,TSOF .SHOT-”BLASTINGAND ELECTR~p&5~~Ni
. . .. . .. .... i--

. . .

The strikingi.qprovemen.$.i,nendurauc-eobtainedby
shot-blastingthe surface of parts subjecttofatigue “
stress,has...been reported.in.sever~lpapers by J, O. Alm’en
and other’s(reference1). ~ . -“

.?.
Some questio”nhas been raised as to whether exces-

sive shot~blastin~would notdamage the surfiqe“or”at
least reduce its endqr.ancobelow-thatof a less’severely
peen.edsurface (,refer. ence 2)... It seemedpoesibl~ that
electrepolishing.might remove some.,ofthe stress=raisers
in .anexcessively

%
hot-blastedsurf~~eand so producea

st,rongez.surfacet an could shot-blasting alone. ....
,,,,, .’ .

..

●
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!Mli$a{8+@ attoil“:b!ai;”io”riii”kitii-+dibiiii”n-%m‘“““L
‘gvi}~.bias.~?d .mrfacess but it was found not true.~:-flr6-.- .,. , . ...~... ?.
spec.th ,sho.t.~blast.’edj.on68 ● . ..-:-“-,”~-...:“”“ .’.~””.-:,,.’.;:-.. . ,.,,...,... ....-.+—.—.;,,-.:7 .-=---~--,’:._ ..._=

~~~l-a.s~e~f~~iril:;aL.C&---“-““““”
—

... .~h;~p’eT~&rn&$e,.ofstiec$~~ri~’”.g~$!.
..0 parc>albl.a~.t.ing’rnach”ineis”‘shownin .~abZe,8.:~:Thqe~6c-

~Topolishe.dSpecirn’qBsshowed.ver~goo$”ponsi~tericyof
performancerel~tive to_the urijoiishedspe~i~e~s~ ‘.........,, .------ --:..... .,,. _. _=,—.. ,.+
,..........Se~eral‘s-~gci~&sw.&Q.then’Sh-O&$~a~S$~a~,~YQ.oUT.~esY
‘of,Mrt J..,.O&,Alrn&Q””and.his ass.ociate.s”a?.“$~ej.~enaral~.o>ors
Rese~r,chLa30ratoiy. ,Thiti.work,was ~~e.:-rn~c~.,>e.tt:e~..c-on-
+r01 than the.:PiOtii”OU”Sgr.$t-.vlast!~.g-.i.~:ur S?:::~m,ens~=9.re
peened und6~...l5pounds per 6quqr;e”iac,~’{alr,pr$ssua~.fio~~
the machine use,d..and.four with’ 80 pounds per square,ihc.h
“airpressure. Three of the”Iightyy”’”peegedspecimenswere

‘ blasted with shot 0.031 to 0,041–inchdiameterproducing
0.,036,to 0.41,percent elo,ng~tion of the specimens. The
fourth,Y1-2”2,was peened with”sh’ot“O.055 t.o0&065..ihch
diameti,er.,pr.oduc’ingO.05’7-p.erce,ntelongation. .This8peci-
men was not very differentfrom the other tested in the
same state. The heavy peening,was don6 with the 0.031 to
O.041-inch shot, a’nd”the elongationr“bs”ulting”was from
0.,094to 0.099 percent. . ..,. :. --:.

..... .The.r,egdltsin ta~le 10 ,sh”owthat-~h-o,h?avi.ly’’shot-
.hl”aated s,~e,ciu,ens, inst‘cado; -be’ing‘dau.:a~g+d,wer8 6Y8n
.tii~atig’er”~t.h.q”n.t,+:em.~,~ghtly pepn~d.ones.,althq.ughthe”d-if-

:‘‘f.erekce fn-pe’ifor.maq.c.e,:.ofths,“t.~q“Eeav.iZy sho,t-bl’astAd
specimens is,,relativ.ely‘grea-ter “thanthat “betw“een“the --
lightly“shot~~.la,at,ed ones. ‘,,’. : ~~~;u__~.‘“-“-‘,...:.,’,,’..,

\
.., .,s-...--” “.-.”...... :-- ..... ... .... .-

.,.. . -,- ------—m--. ..-
llLECTROPOLISHING TO IMPR”oti~iJti’URAN6;-‘““’”:,.. . .,.

The fact that el”ectropolisheds..ufifaces‘are in~tially
Weaker in fatigue than are abrasivepolished and other
surfaceslessens Cogsidera&lythe .proba.biiitythat a use-
ful.im~roven.eqt“inlife can.be obtained‘fryelbctropolish-

J ing,.to remove the surface da&aged by fatigue. If the
life of”.’an.electropo~$shed,spec@eh ‘is,,only,one-halfor
on-third that-of an”””abr&$ve polishd one, the i-ncr6ase

‘8 in life obtained’by pro~id~riga“”totally“undamaged”“blectro--
,-pplish,~dSUr$aC,y,,aft~r post q:,_the.fn$ti+ lff? h- been
iis’e@,,,irili’be,’,rie~lijji~.l,?,~j“~”-,.”~jj-;;.-,~‘.’:.:T:{(:.“--’‘;”-.yL_.= _.... .. .....’.4.!..--1 ,. .......... 1,-,~----.~.;f--..-.=.*<,... .... ....-.-.,-:... .. l=..,.. -- i....~-:-.,,..-i-z.+’.“--=‘- =..--: . —.....<.T!’-.-,..-:,:,,. ,....-,,J+,.,; r-..-..-:>..::A.... i“~:::‘
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In view of the fact that,‘while“elbctropolishiig
may remove dtimagedmetal, it also remtiv”esstrengthened
layers(~.esultingfrom mechanicalpolishing), it”appears

.

that electropoli.shing is not a suitatletool for pro-
longingthe”lifg of parts.uridorfatigue stress. It ie ●

of interestto no”te$however, that’tihen“res’u-lts-o“fie+-,
moval of metal by electrepolishingare referred to origl— “
nal electropoli.shed iurfacesas a lase, it is posslhlo
to obtain an increasedlife by repolishingthe sturface
during the t“est. Table 9:summarize’sresultsof this ty~e
forthe’X4130 steel. l?romthis table, it will beinoted
that, for all steel test pieces, a longer total life was
obtainodby repolishing. It should also be noted.,ho&
Ovol?, that the longest life obtainedby t-hismetho~ was
comparablewith what could he “expected-”Qorn an a~rasi. ve
polishertest piece wi”thoutany reyolishin-gor,removal of
damage. . .. . .

.

Table 11 also presents resuits”of -similartests on
the 215S-Talu’minurna“ll’oy.Here, -theimprovementis“not
so clear-cut;,“landthe resultssuggesten .$_nter.@sti,ng
speculation’concerningt_hebalance%etweeg d’~age and *
strengthening:durj,nga fatiguet~s=t:,.’ .,_T. .- .. ,

It will be noted from table 11 that some of the
25S-T t’estpieces which were run for 200,bO0 cyclesbefore
repolishing.were apparently.we&kened;the s“ameis true
for thbse”run-150,000 cycles%efore repolishing. This
suggeststhat, if, during a fatigug t~st~ d-age extends
to a.greater depth than the s.tirfacestrengthening,then
electropollahlngcan te of no-help in prdlo~gingthe life
of the test piece; whereas, if the strengtheningextends
to a greater depth than the damage.apd ,th.emelectropolish–
ing does‘hot.remove this strengthenedlaser eritirely$an
improvementcan result.

The same”-exper”j.mentwas tried on shot–bl~stedalumi-
num. allo”y specimens . The improvementin life got by re-
polishingduring the run can har”tilybe evaluatedbecause
of tho wide rangeb-fthe results on virgin shot-blasted
spscimens. Trom a Xractioalpoint .of–Tiew,an improvement
of two or .three””timesin life WOUld have to be obtained
for the techniqueto-he ‘givenmuch consideration,and “
such’an.imp-rovementwas not obtain~d..,

.

The practicalfailtir~of.filiistschnt~tieis unda~b.tb+
Ilyoaused by the relativelypoor performanceof the orig-
inal electrepolishedsurface. The multi~lepolishing



,

.

,.. .L .,. .

techniquegives
.

consitler”ati”l~fm~rovementonly if its per-
formance is comparedwith that of virgin.electropolished
specimens. lf tha,s,urfaceleft by the polishingmsthod
is, w“henused o.n‘virginmate’rial,satisf’act’ork~y strong-,
then reasonable~mprov’empntsin total life may he expected
when this polishingmethod “is“usedto remove‘fatiguedamage.

.- —
. .

,. CONCLUSIONS

It has been found, ‘bothin the case of normalized
alloy steels and of a forged aluminumpropelleralloy,
that the enduranceof specimensfinishedby electropolish-
ing is less than that of specimenspreparedmechanically.

The relative weakness of electrepolishedsurfacesof
small laboratoryspecimenswas so great that it is un-
likely that electrepolishingcan be usefully employedto
prolong the life of aircraftpropellersor other aircraft
parts subjectedto repeated stressing. It is possible,
however, that electrepolishingmay not be as damagingto
largeparts as was indicatedby the laboratoryspecimens.

It is suggestedthat most, if not all, of the advan-
tage of mechanicallyfinished surfaces is due to the
presence,of a worked or stressedlayer on these surfaces.
While it is thought that a smooth electropolishedsurface
in neither a &maged nor a strengthened.surface,no direct
proof of the statementcan be given at present.

,.
The fatigue results on smooth electropolishedspeci-

mens appear to have higher consistencythan is usually
expectedfrom laboratoryfatigue specimens. 1

The data used in this report are all of those con-
tained in B.M.I. LaboratoryRecord Books Nos. 947 and 1114.

BattelleMemorial Znstitute,
Columbus,Ohio, August 13, 1943.

t
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-f TABLE1. TENSIONTESTSONSAEX4130STEELAND2{

Property SAEX4130
<

● ‘ YieldStrength*

UltlmateStrength

Elongationin2 inohee.
ReduotionofArea

.4

*

f

8

66,SOOpa i

106,500p e i

Z@

50.s

*O.%Offset,

TkBLE4. FATIGUETESTf

Speoimen Speoimen
Number Diemeter-~.

AbrasivePoll#hedSpeoimens

3-1
2-26
F1-7
B3-6
F2-7
1-1
F1-3
F1-21
1-26
3-26
B2-7
F3-6
1-23
3-23

0.2976
0.2964
0.2977
0.2973
0.2972
0,2967
0.3018
0e3026
0,2986
0s2985
0-2971
0.2985
0,2967
0.2968

Same,streseraisedto

I
EleatropolishedSpeolmena

B2-21
F2-S
2-24

F3-20
2-1
2-23
B3-20
1-2
B2-20
F3-9
F2-9

0.2993
0.2986
0.2973

0.2992
0.2946
0.2965
0.3012
0.29S6
0.2973
0.2992
0.2970

Same,etre!mraieedto

)NSPECIMENSOF

Streae
P Si

50,000
46,000
40,000
35,000
30,000

n
n
n

27,000
n

26,000
26,000
24,000
19,000
30,000

60,000
40,000
30,0W

Ii
n
n
II

27,00i)
24,000
23,000
19,000
30,Ow

rALtlMIlmMALLoY

26ST

44,500pe i

64,1OO.Pe i

.

!5STALuMmuMALLoY

Cyole8toFailure

20,000”
62,000V.
107,000”: .
228,00Q”

1,2’?0,000e
1,287,000<<
1,179,000”
l,175,000~
S,966,000Z.
2,648,0CQ~
9,292,000~
ll,451,0c0v
31,169,CW3’
113,673,000unbroken”’

700,000

23,WOK .
66,000
299,000

229~000~
1,170,000”
342,000<i
410,000$’
869,C00~

10,136,000~
60,260,000J
116,629,.QO0unbroken”

28S,000
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TABLE

Speoimen
Number
AbraaivePoli
AS

A4

A7

AS

All

As

A12

FATIGUETESTSON

SPeoimen

0,2943

0.2942

0.2946

0,2941

0.2036

0,29S6

Sam, stressraisedto

As. 0,2946.

A1O 0.2934

A6 0.2941

Same,stressraisedto
I

Eleotropoliah
BI

B2

cl

B7

BS

B12

B4

BS

Bll

B1O

ISpeoi.mena

. 0,2944

0.2935

0.2931

0,2939

0.29S7

0,2983

0,2933

0.2944

0,2929

0,2953

Same,stress”raisedto
B6 I 0.2929
Same.stress”raisedto

‘ECXMENSOFNOR

Stress
P ai

69,850

69,S70

65,040

52,670

62,070

49,840

49,040

6S,076

49,030

48,570

48,04S

55,095

69,880

69,820

55,060

54,990

49,910

49,030

48,060

46,000

45,980

46,070

56,0S0

44,030
64,990

HZEDME X4130STEEL
●

Cyolesto FAilura

30,000

79,000

136,000

S86,000

4S8,000

1,40S,000

17,S20,000unbroken

1,168,000

1,027,000

1,373,000

13,222’,000unbroken

267,000

25,000

70,000

182,0CX)

101,000

f15,0&J

370,000

606,020

920,000

1,325,000

10,764,000unbroken

144,000

14,326,000unbroken
146,000

—

.

,
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TABLE3. FATIGUETESTSON

==m==E
AbrasivePolishedSpeulnma

J9 0,2998

J 1-2 0.3004

J3 0.2988

Same,stressraisedto

J4

J5

J 1-6

J7 “

J 1-8

0.3002

0.s008

0.2987

0.3001
#
0.3W2

8ame,stressraisedto

I
Eleotropolished8peohens

J 1-10

J 11

J 1-12

J 1S

J 14

0.2993

0.29’?9

0.2966

0.2977

0.2990

Same,stressraisedto

WOIMENSOFNOI

Stress
P Si

60,000

76,000

85,000

75,000

70,cKlo

6S,000

67,000

66,000

65,600

75,000

66,000

65,000

63,000

61,000

80,000

75,000

,

LLIZEOShE4140STEEL

Cy@estoFailure

80,000

176,000

S5,149,000unbroken

227,000

751,000

1,535,000

1,840,000

2,E86,000 *

14,315,000unbroken .

226,000

605,000

1,022,000

1,274,000

4,488,000

11,01S,000unbroken

98,000
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TABLE5. EFFEC
FATIGUEPR

Speoime.nDiameterStress
Number Inoh psi

EffeotofLatheFinish

El-1 I,2944 I 47,940
Same, atreaaraisedto5S,050
E1-2 .2946 S5,120
El-3 .2%50 60,040
El-4 .294s 49,000
E1-5 .2952 65,000

EffeotofSurfaoeGrind

F1-1 ].2952, I 48,000
Same,stressraisedto55,020
F1-3

I
.2943

I
S5,040

lU-2 ●2953 49,000
Same,stressraisedto5S,050
u w

F1-14 I.29S4” 1“%%
Same,stressraisedto60,000
F1-5 I.2954I 53,000

,

TABLE6. EFFEO’J!OF VARIOI

$peohen Diameter Stres6
Number Inoh pal

EffeotofLatheFinieh”

JIS 0.2994 66,000
J1-16 0.2996 62,000
J17 0.2998 61,000
Same,atreasraisedto 70,000
J1-lS 0.2905 70,000
J19 0.2998 75,000

EffeotofGroundFinish

J1-22 10.3006 I 66,000
Same,stressraisedto 7S,000
J21 0.299S 70,000
J2S 0.2999 6S,000
J1-24 0.s002 67,000
J20 0,2990 75,000

OFVARIOUSSUNFACETREATMENTS-OH
‘ER1’IESOFNORMALIZEDSAEX4130

I .
Life:

I.Expeoted
FromAbra-
6ivePolish

Indefinite
260,000
165,500
950,000

Indefinite
43,0CX3

Indefinite
2t30,000
155,000

Indefinite
1,020,W

.-.
600,000

..-
300,000

I
550,000

1

6,37S,000unbroken
140,000 266,000
100,s00 15S,000
302,000 5oe,ooo
400,000 1,467,000
37,000 37,000

550,000
140,000
100,500
400,000
140,000

---
240,WL

..-
170,000

17,706,000unbroken
743,000 .
252,000

36,6S7,0Wunbroken
17,700,000unbroken

8S,CQ0
16,3S4,000unbroken

277,000
2,0S6,000

I

SURFACETREATMENTSONFATIGUEPROPERTIESOF
~IZEDSAE4140

Lifeiz
I Expeoted
F;omAbra8ive
Poli8h

2,400,000
Indefinite
Indefinite

..-
760,000
200,000

2,400,000-
220,000
760,000

1,400,000
1,800,000
220,000

Cyolea
I Expeoted
Fr;mEleotro-
nolish

630,000
1,200,000
4,000,000

---
260,0CX)
90,000

630,0CQ
99,000
260,000
400,000
500,000
Q9,000

111.Aotual
Life

,

750,000
2,802,000
14,44.7,000*

45s*mo
156,000
111,000

lS,36S,000~
316,000
4S5,W

1,449,000
1,519,000
188,000

.

,
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Figure 6. TaperSectionofEl~trolybioallyPolishedSAEX4130FatigueTest
Speoimen.HorizontalMagnification100X,VerticalMagnification
1000X.EtohedWithNital~

.

If
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Figure7. TaperSectionofAbrasivePolishedSAEX4130FatigueTestSpecimen
HorizontalMagnification100X,VertioalMagnification1000XO
EtohedWithNital.
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TaperSectionof LatheTurned3AEX4130
HorizontalMagnificationlCOX,Vertioal
EtohedWithlJital..

FatigueTest Speoimen,
MagnificationiOCQX.

Figure9. Taper Seotionof Ground Surfaceon SAE X4130 FatigueTest Speoi-
men. HorizontalMagnification100X,VertioalMagnification
lOOOX. EtohedWith MiM.
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