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ABSTRACT

This reportconcernsan investigation to determineif priorfatigue

wouldaffectthe transitiontemperaturecurvesin impactof ship steels,

Testswere made on two shipbuildingsteels,B and W, the greateramountof

workhavingbeen done on steelB,

A combinationfatigue-inpactspecimenwas designedand used. This

specimenwas roundwith a circumferentialnotchand couldbe testedin impact

by sawingoff the taperedends necessaryfor holdingin the fatiguemachine.

As testingproceeded,it was foundthat fatiguecrackswere develop-

ing at the base of the notchboth aboveand belowthe endurancelimit. ‘When

spectienswere cyclicallystressedso as to avoidfatiguecracks,the re-

sultingtransition curveshowedlittledeviationfromthe originalcurvepre-

sumablydue to the low stressof the pr~orfatigue.

A serieeof specimensof steelB were prestrainedin tensionprior

to testingin impactwith a markedshiftof the transitioncurveresulting.
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~TRODUCTION

In recentyearsa numberof investigationshave Men undertakento

deal with the problemof fracturesof oceangoingships. Theseinvestigations

have soughtto studythe natureand causesof thesefracturesand to develop

smalllaboratorytestswhichmay deterininethe suitebility of individualheats

for shipbuildingsteelat the time of manufacture.

In servicea shipis subjectedto many differentformsof stress

whichundoubtedlyalterthe propertiesof the structuralsteel. Unfortunately

no comprehensivestudyhas beenmade to datewhich undertakesto measurequalit-

atively and quantitativelythe stressesexperiencedby a shipat sea.

The Bureauof Shipsof the Navy Departmenthas been greatlyconcerned

withthisproblemof fractureand has sponsoredthis projectto investigatethe

effectof one form of serviceloadingon the strengthcharacterstics,specif-

icallythe effectof cyclicstressor fatigueon the iMpaCt,prOpertiea’of

shipbuildingsteel.

Afterthe projectwas underway, it was thoughtadvisableto also de-

terminethe effectof pre.strainingin tensionon the impactproperties.These

testswere incorporatedin the test scheduleand the resultsare includedin this

report.

Thiswork was carriedout underBureauof ShipscontractNObs-2j391.

It was conductedat MassachusettsInstituteof TechnologywithProfessorJohn

M. Lessens as supervisorand Mr. HerbertE. Jacquesas investigator.
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EXPERIMENTALWORK

1. Choiceof Test

a) RayflexMachine

In the earlystagesof this investigationit seemeddesirableto

cyclicallystressa squarespecimenof Charpysize eitherwith or without

the notch. At this time the use of theRayflexFatigueMachineappeared

promising. Thismachineproducesbendingby means of two alternatingcurrent

magnetswhichalternatelyattractand repelthe endsof the specimen. The

frequencyof the magnetsis variableand is set to giveresonantvibration

of the specimen,

Therewere three disadvantagesassociatedwith the uae of thismachine

whichled to its abandonmentin faver of the R. H. Moorerotatingbeam

fatiguemachine.

First,specimenshad to be fram 18 to 22+incheslong to givea suffi-

cientbeam length, Out of eachlengthonly one Charpy.specimenwouldbe

procured, Thiswouldnecessitatean enormoussupplyof materialand re-

sultin high cost of specimenpreparation.

Secondly,it was @poesible to producemaximumbendingstresse$.of...

over37,000psi with a specinenof constantcrosssection. The remedy.for

thiswould havebeento attachsteelweightsto the endsof the specimens

eo as to increasethe bendingmcqentatthe test sectionwithoutincreasing

its

the

size.

And lastly,axceptional

specimenswere as square

liminaryteststhe specimens

carewouldhave had to be takento insurethat

as possible. It wae observedthat in the pre-

vibratedin

straightup and down. ‘fheMajorax-isOf

longerdiagonalof the crosssection.

an ellipticalpatternratherthan

this ellipsecoincidedwith the
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b) RoundNotchedImDactSpecimen

It was thenlearnedthatDr. C.

had useda roundnotchedspecimenin

H. Loriglof BsttelleMemorialInstitute

impactwhichgave resuitscomparable

to the standardV-notchCharpyspecimen. It was thoughtposeibleto adapt

thie specimento a rotatingbe~ typeof fatiguetestin whichthe fatigue

specimencouldbe machinedto the impactform of speimen,

Dr. brig kin~y suppliedthe specificationsof his specimenand in-

structionsfor its preparation.Drawingsof the impactand fatiguespecimens

are shownin Fig. 1. Detailsof the preparationof this specimenare given

in the Appendix.

SinceDr. Imrighad not specifiedthatthe roundnotchedspecimenwas

comparableto the V-notchCharpyfor mediumcarbonsteelsof shipbuilding

quality,it was thoughtdesirableto make somecomparativetipacttests of

the specimensusingsucha steel.

In orderto conservethe projectsteels,the materialselectedfor the

comparativetestswas a mediumcarbonshipbuildingsteelmeetingthe”re-

quirementsof Navy grade@35. Severalsmall3/4u platesof thismaterial

were obtaiuedfrom the BostonNavy Yanl. Theseplateswere annealedbefore

using. The resultsof the comparativeimpacttestsare ehownin Fig. 2.

Aftierverificationhad beenobtainedof the suitabilityof the round

notchedimpactspecimen,a test schedulewas preparedand the experimental

work begun. The resultsincludedin this reportare basedentirelyon the

spectien shownin Fig. 2.

2. Procedure.

Specimenswere stressedcyclicallyin an R.R. MooreRotatingBeam

FatigueMaclfme (Fig.3). A detailedaccountof the use of thismachineis

givenin the Appendix.
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The Charpyinpacttesterueed in these”testsis shownin Fig. 4. This

machineis of stsndardconstructionand ha5 an energycapacityof 225 feet

poundsand a strikingvelocityof 17.4feetper second.

Specimenswereheld at the desiredtest temperaturesin thermosbottles

for at least30 minutes. Not more than 5 eecondselapsedbetweenremovalof the

specimenfrom the temperaturebath and fracture.

The test temperatureswereproducedas follows:

a) Below3,2’%,dry ice and‘carbontetrachloride
b) 32%, ice and watermixture
C) 32% to 160’37,water
d) Above 160°F,mineraloil

3. j?xperimentalResults- SteelB

The firstand majorportionof the workwas done on steelB. This

steelie an .18C,semi-killed,hot-rolledshipbuildingeteel. This steelwas

receivedin 3/4!!plateform and was testedas received. ~The chemicalanalysis

end mechanicalpropertiesof this steelare givenin the Appendix.

FatigueTests

S/iidiagram were obtainedfor eteelB with notchedand standard

emoothspecimens. Thesecurvesare ehownin Fig. 5.

The stresees shownfor the notchedspecimensare the

basedon the specimendiameterat the root of the notch.

For thisform of notchthe strengthreductionfactor

nominalstresses

for steelB is

1.2 (endurancelimitfor umotched specimensdividedby endurancelimitfor

notchedspecimene;31,~0/25,800 z 1.2).

ImpactTests

A summary of all impacttestson ste,elB is shownin Fig. 6. The de-

tailedresultsof teatson unstressedspecimensof steelB are shownin

Fig.7.
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OverstressingTests

Afterthe S/N diagramhad been obtained,a scriesof notchedfatiguc

specimenswere subjectedto a stress15% overthe notchedendurancelimit

and a cycleratioof 50%,i.e., half the numberof cyclesto producefailure

at that stress.

When the notchedendurancelimit had been determinedas 25,800psi,

a seriesof specimenswere stressedat 29,TOC psi for 105,@0 cycles. These

specimenswere alteredto impactform and testealat varioustemperatures.

The resultsare shownin Fig. 8.

At thistime it was observedthatall the specimensexhibiteda dark

band about0,0211wide on the fracturesurfaceadjacentto the base of the

notch. It was thcughtthat thesebandsmightrepresentfatiguecracks.

This prmvedto be the case. The methodsused in the detecticnand mee.sure-

ment of the cracksare describedin the Appendix. The darkbandsare shown

in Fig. 15.

Similar’dark bandsboth aboveand belowthe endurancelimithavebeen

repcrtedby MacGregorend Grossman2 althoughthey concludedthat the bands

did not representfatiguecracks.

FatigueCrackInvestigation—

The originalobjectof this investigationwas to determinethe effect

of cyclicstressaloneon the transitiontemperature,The contributionof

a fatiguecrackto transitiontemperatureshiftwouldbe impossibleto

evaluate. Therefore,the nextphase of the projectwas directedtowardin-

vestigatingthe occurrence of fat>guecrackswith the objectof avoiding

them.

Specimenswere run for variousnumbersof cyclesat lower stresses

and then sectionedand measuredas describedin the Appendix.
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At first it was thoughtnecessaryto explorethe regionon the S/N

diagramdownto the vicinityof the endurancelimitonly. The numbers

of cycleswere reducedto

showedmeasurablecracks.

It was then evident

as low as 2,000cycles. A1l specimenstested

that stressesbelowthe endurancelimitmust be

explored.Thiswas done and crackewere evidentuntilthe stresswas

reducedto 10,OCO psi, about4(XAof the endurancelimit. Therewas no

evidenceof crackingin two specimensrun at 10,000psi for 1.75million

cycles.

FatigueCrackOccurrence

The data on fatigue

Fig. 11, Some discussion

It can be seenthat

crackoccurrenceand magnitudeare shownin

of thesecurvesis

the curvesfor the

straightand intersect,whilethe curvesfor

reg”ular. This is thoughtto be an effeet of

desirable;

two higherstressesare not

the lowerstressesare quite

testingtechriique.When the

crackinvestigationwae started,the objectwas to find a combinationof

stressand numbersof cycleswhichwouldnot resultin the occurrenceof

fatiguecracks. In doingthis,test specimenswhichran reasonablyfree

from vibrationwere deemedsatisfactory for thispurpose. “However,as

the existenceof fatiguecracksbelowthe endurancelimitbecameevident,

it was seenthat a previouslyunreportedphenomenonwas occurring. There-

fore,in orderto accumulatedata whichwouldbe as accurateas posS.ble,

onlythose specimenswhichwouldrun perfectlysmoothlywere used in the

investigation of the lowerstresses. The plot for 21,500psi is a good

exampleof datafrom vibrationlessspecimens,

FinalStressin<

Sinoeno fatiguecrackhad developed.in,two specLnensrun at
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10,000psi for 1.75millioncycles,it app,et$redsafethat a seriesof

specimenscouldbe stressedat 10,OCO psi for one million cycles without

dangerof cracking.

Thiswas done and the specimenstestedin impact.The reeultsare

shownin Fig, 9,

Prestrainingin Tension

In additionto prestressingby cyclicstress,s series of notched

specimenswere subjectedto a statictensileload beforetestingin impact.

A completetensiontestwas conductedon the notchedspecimen.The

descriptionof this testis includedin the Appendix. The test specimens

wereloadedto 55,000psi which shouldhave resultedin a reductionof the

specimendiameterat the root of the notchof one per cent or 0.00!+11.For

all the specimensprestrainedin tension,this reductionin diameterwas

betweenO.003!!and O.C041!.

The specimenswere alteredto impactform and testedat various

temperaturesas before.Theseresultsare shownin Fig.10.

C~clographMagneticCorehss Machine

Some of the fatiguework on steelB was done in conjunctionwith a

DuMontCyclograph,an electronicmachinefor determiningthe amountof

Bgnetic coreloss. Thiswork was performedby C. P. Moore3,a graduate

studentat M.l.T.

Attemptswere made to correlateCyclographdatawith the growthof

the fatiguecrackand shiftof the transitioncurvedue to Cyclicstress.

This investigationwas largelyunsuccessfuland furtherdiscussionis

unwarranted.
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4. ExperimentalResults- SteelW

The investigationof SteelW was conductedin a reamersimilarto that

of SteelB.

The resultsof tipacttestson roundnotchedspecimensof SteelU

are shownin Fig.12.

The resultsof fatiguetestson standardsmcmti.and notchedspecimens

of steelw are shownin Fig. 13.

Fatiguecrackaoccurredin steelWas in SteelB. The occurrenceof

the crackswas investigatedin the sameway. The crackgrowthplot for SteelW

is shownin Fig. 14.

Thesedataindicatethat specimensof SteelW wouldhave to be pr-

stressedat or about10,OOO psi to avoidfatiguecracks. Sincethis streseprc-

ducedlittleeffecton the transitiontemperatureof SteelB, it was decided

that furtherinvestigateion of Steel J was not warranted.

Discussionof Iiesulteof SteelBx

Both prestressingby fatigueand prestrainingby tensionhave shifted

the transitioncurveupwardsin temperature.

The curveof specimensstressedat 29,700pei (curveB, Fig. 6) shOws

the largestshift,about75%. However,this curveis partiallyinvali-

datedbecauseof the presenceof’a’fatiguecrack. Whetheror not the major

factorin the shiftis due tb the prestreasingaloneis”in doubt.

Vhenthe fatiguestresswas reducedto 10, GOO psi tioavoidcracking,

the resultingcurve(curveC; Fig. 6) showslittleshift, onlyabout100F.

Apparentlythis stress,whichis only1+0%of the endurancelimit,is too

low to giveany definiteeffects.

++Itwas thoughtunnecessaryto discussthe lesserwork on steel‘J”as all
the W dataavailableagreewith thatof Steel~.
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lies

The curvefor specimensprestrainedin tension(curveD, Fig. 6)

betweenthe two previousones and revealsa shiftof about30°F frem

the originalcurveA.

‘Themsximumenergiesof curvesB snd D are appreciablylowerthan those

of the originalcurveA. CurveC showsno reductionin m-um energy.

Asidefrom the expectedascendingorderof curvesA, C, and B, it

does not appearpossibleto deduceany correlationbetweenthem. T6st of

specimensprestrainedin tensionat otherstressesshouldprovevaluable.

It is expectedthat thesecurveswouldalsobe in an ascemdingcrder.

One effectof the notchhas been to make thesespecimensof a rather

smalltest sectionsincethe behaviorof the materialat the root of the

notchis the determiningfsctorin thesetests. Largershiftsand lower

maximumenergiesof the transitioncurvesmight have resuitedif the speci-

mens had beenprestressedor prestrainedpriorto notching.

The crackgrowthcurveof SteelB (Fig.11) presentssome interesting

new information.One observationis thatfatiguecrackshaveformedat

stresseswell belowthe endurancelimit. The loweSt nominalstressat

whicha fatiguecrackwas foundwas 11,5C0 psi, about45%, of the endurance

limitof the notchedbars.

The fatiguecrackshave grownwith increasingnumbersof cyclesat

all stressesinvestigated,As mentionedpreviously,the curvatureand

crossingof the linesof higherstressin Fig. 11 is thoughtto be due to

the greatereccentricityof the specimenstoleratedat that stageof the

investigation.

The most revealingcrackline is that for 21,500psi. This stress

had been chosenfor investigationat high numbersof cyclesbecauseit



-1o-

was sufficiently far belowthe endurancelimit,about15%, to successfullY

avoidfracturedue to scatterand yat high enoughto experiencepositive

effectsfrom fatigue. One specimenwas run

stress,givinga pointthat showsthe crack

steadilyincreasing.

to 83 millioncyclesat this

sizeat that stressto be

the

the

It is interestingto observethatfor the stretisesbelow23,2CQpsi,

cracklinesindicatean approximateely steadyrate of growth,that is,

near parallelismof the linesindicatesthat the effectof variation

of stressis more a variationof the point of crackoccurrenceand not a

variationin theirrate of propagation,

Heferenceis made to work done by H. F. Moore4on the propagationof

fatiguecracksin railwaycar ties. Moore producedcrackingby stressing

atmvethe endurancelimitsbut propagatedthese cracksby stressingbelow

the endurancelimit. His work showedthatthe stressmust be reducedto

one half the endurancelimitto avoidcrackpropagation.Althoughthe ..

presentinvestigationis not exactlycomparableit is interestingto note

the agreementon aboutone half the conventionalendurancelimitas a form

of Ilnon-crackingendurancelimit.!’

In theirwork on fatiguedamage,Russelland Weldker5showdamage

regionsfor variousmaterials,but theseregionsare abovethe endurance

limitexclusively.Theircriterionof damagewas the inabilityof a

specimento run indefinitelyat ite originalendurancelimit.

The presentreportshows“damage!!also belowthe endurancelfit,

althoughjt is of a clifferentnature. Nevertheless,

real. It app?ars that the sffectsof fatiguedamage

widerrangeof investigationto determinethe effect

of the physicalpropertiesof metals.

this !Idamagellis very

shouldbe granteda

of fatigueon more



-Ll. -

CONCLUS1ONS

The presentstudyhas shotinthat severalhithertooninvestigated

phenomenaaffectthe characteristicsof the transitioncurves.

It has been establishedthatfatiguecracksdevelopand propagate

at cyclicstressesbelowthe endurance’limitas well as abovethe endurance

limitin both SteeleB and W, Studiesmade of the behaviorof theirgrowth

reveala regularpatternof crackpropagationexteadingoutwardto eighty-three

millioncyclesat one stresslevel.

Cyclicprestressingin rotarybending,or staticprestrainingby

tension,of specimenspriorto the impacttest,resultsin a shiftof the

originalimpacttransitiontemperaturecurve towardregionsof highertempera-

turesfor SteelB.

“Whenthe fatigueprestressingis carriedout at stresslevelswhich

resultin crackformation,a largechangein transitiontemperature~ as well as

a considerablereductionin max “mum impactenergy,occurs. On the oLherhand,

prestressingat low stresslevelswhich do not resultin fatiguecrackformation

praiucesa smallershiftin the transitiontemperaturewith virtuallyno re-

ductionin the maximumimpactener&y. Betweenthesetwo limitsliesthe curve

for specimensprestrainedin statictensionwhich indicatesan intermediate

transitiontemperatureshiftand an intermediatereductionin maximumimpact

energy.

‘Jhilethis investigationis obviouslyof an exploratorynature,it

is,nevertheless,safeto concludethatthe followingphenomena,in their

orderof importance,producea markedeffecton the impacttransitioncurves:

1. Fatiguedamageaccompaniedby high stressconcentrations
associatedwith fatiguecracks.
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2. Grossplasticdeformationsresul.tingprobablyin an increase
of the micro(smallscale)stressconcentrations.

3. Fatiguedamagewhichdoes not resultin macro streseconcen-
trationsbut which is undoubtedlyassociatedwith microplastic
deformations,

RECCWENDA1’IONS

Stemmingfram the conclusions,the followingreccmmendationefor

furtherinvestigationof the variousphenomenanotedaboveare indicated:

1. Effectof variousamountsof plasticdeformation(prestraining
in tension)on the transitiontemperature.Thiswork should
ticludethe studyof notchedimpactspecimenswhichhave been
machinedout of prestrainedmaterialas well as the pre-
entrainingof originallynotchedspecfiens.

2. Effectof cyclicatressamplitude,both in direct(axial)loading
as well aa bending,on the rate of crackpropagation.

3. The effectof cyclicstresseson the transitiontemperatureat
amplitudesbelowthosewhichproducecracks. Theseshouldbe
carriedout both in directloadingas well.as bending.

From the viewpointof fundamentalinvestigation,such studies should

be carriedout on a varietyof ferrousand nonferrousalloysregardlessof their

utilityu ship construction.From a practicalstandpoint,shipplatematerials

whichhave beeninveetigated in considerabledetailby otherresearchworkers

shouldbe includedin “the program.

Considerationshouldalsobe givento the developmentof 2 technique

wherebyany physicalchangesin the plasticpropertiesof the specimensduring

the processof staticprestrainingcouldbe determined.Techniquessuchas those

developedby Dr. B. J. Lazan7,and thoseof Lessens and Associates,Inc.8,

couldvery well be appliedto the studyof energylossesand changesin the

elasticand plasticpropertiesof the specimensduringthe cyclicprestressing

operation.
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CHARACTERISTICSOF STEELSB AND ?4

Composition

SteelB

w

c 0.18
Mn 0.73
P O.o11
s 0.030
Si 0.040
N 0.006

MechanicalProperties

Tensilebtrengthpsi 59,600
YieldPointpsi 35,81X
Elongationin 8!! 26.0

PREPARATIONOF ROUNDNOTCHEDSPECIMENS

SteelN

w

0.21
0.52
0.013
0.010
0.23
0JXY+9

62,51+0
37,230
30,.3

Both SteelB and SteelW werereceivedin 3/4N plateform,hot rolled,

with some shearedand some flame cut edges. Theseplateswere testedas re-

ceivedwith no additionalheat treatment.

All the specimenswere cut outwith their lengthparallelto the

directionof rollingand were takenfromthe middleof the thicknessof the

plate. Each specimenwas markedso that the directionof the thicknessof

the originalplatewas perpendicularto the directionof the impactblowof

the Charpymachine. Carewas takenthat no specimentest

than 2 inchesto a flamecut edge.

Drawingsof the impactand fatiguespecimenare

sectionwas closer

shownin Fig. 1,

(page15). The tipactspecimenhad to be cut away (milled)at A and B as shown

to permitthe brokenhalvesto pass throughthe Charpymachinewitbout jamning.

However,an occasionaljam was experienced.

The taperedendsand overalllengthof the fatiguespecimendorree-

pond to the standamispecimenusedin the R. R. Moorerotatingbeam fatigue

machine.
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The notchwas cut in a singleoperationusinga tungstencarbide

tool. A 10’1SouthBendtool room lathewas employed. The specimenwas held

in a colletand the backgearsemployedto give the slowestspindlespeedof

about40 rpm. is the workwas revolvingin reverse,it was necessaryto invert

the cuttingtool in the toolpost. The mnallestfeed available,0.002!Iper

revolution,was used. Higherspindlespeedsami feedsv.eretriedbut the

notchfinishesobtainedwere not so good as the low speedfinish. The work

was constantlylubricatedwith carbontetrachlorideduringnotching. It was

possibleto hold the diameterof the specimenat ihe base of the notchto

O./+CO!!plus0.002!1minus zero.

The tungstencarbidetoolwas firstgroundto a 45° angleand the

tip radiuswas formedby hand honingwith a 220 grit diamondhone. A Jones

and Ikmsonopticalcomparatorset for 62.EXwas usedfor measuringthe tip

radiusand tool angle. In this tmmnerit was possibleto producethe 45° angle

withinone degreeand the 0.005!!radiuson the tip within0.00021!on the radius.

Afterexperiencehad been gainedin machiningthesenotches,it was

detidedto regrindthe toolbit and rehonethe radiusafterevery/+0notches.

In this interval,the tool angledid not changeappreciablybut the tip radius

wouldbe reducedabout0.0002!1.
.’

3. USE OF ‘ME R. R. MOOREFATIGUEMACHINE

One of theR. F(.,Moorerotatingbeam fatiguemachinesusedin this

work is picturedin Fig.3, (P. 17).

The specimenis held in taperedsleevesmountedin ballbearing

houeings. Equalmomentsare appliedto eachhousingto give a constantbending

momentacressthe specimen. Themomentsare appliedby a dead load to sach

housingthroughan equalizingbar.
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>xperiencedby a specimenin this machineis depend-

ipecimenend the dead loadapplied. Each specimen

0.0005i!and the appliedloadfor a givenstress

the eccentricity.ofspecimensappearedto have an

appreciableeffect,on the scatterof data in the fatiguetests, Lccentr”icity of

the smoothspectiens(standardR. R. Moore specimens,0,300’”diamet,er) usuallY

resultedin scatteronly,whileeccentricityof the largernotchedspecimens

wouldsometimesresultin obviouslyprematurefracture.

Quantitativestandardsof eccentricitywere obtatiedin the following

manner: With a specimenassembledin the fatiguemachine,a dial indicator

mountedon a heavybasewas restedon the specimenturnedby hand, In general,

if the dialtidicatorshoweda variationof more than 0.0051!in reading,the

specimenwouldvibrateseverelyand prematare fractureor excessivescatterwas

expected, For best results,the eccentricitywas kept belowO.0021!,

Test data in whichthis carehad been takenare shownin the S/N

diagramsof both steelsand linesof crackgrowthfor steel.B below23,200psi,

The scatterof datafor the S/N diagramfor notchedspecimensof

Steelw is worthyof discussion.The initialfatiguetestson roundnotched

specimensof SteelW showeda greatamountof scatter. Fractureswere experienced

at stresses5000psi belowstresseswhere some specimenshad

cycleswithoutfracture. Sincethe S/N diagramfor standard

run 12 million

smoothspecimens

showedlittlescatter,the notchfinishwas investigated,

The samenotchingmethodwhichproduceda smoothfi~sh in SteelB was

foundto leave smallcircumferentialridgesat the root of the notchand

occasionallywouldtear smallparticlesout of the bottomof the notch.

Specimenswith no tearswsre selectedfor furtheruse,the others
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minuteridgesin the notchwere

lJ+Ogritlappingcompound. The

in a lathecolletwith the spindlerevolvingat

lappedoff by using#3 O bare

specimento be lappedwas held

aboutlCO rpm. The wirewas

rotated by meansof an electricdrillrunningat about300 rpm. The otherend

of the wire was grippedin a pin vise mountedin a smallball baring. The

drilland ball bearingwere heldby hand and with a slight

The rotatingwirewas broughtto bearon the bottomof the

The notchfinishobtainedin thismannerwas not

tensionon the wire.

notchfor 30 seconds.

quiteso good as

thatobtainedin SteelB’bymachiningalone. However,fatiguetestsof lapped

epecimensgave usabledata.

k. FATIGUECRACKINVESTIGATION

khenthe darkbands on the fracturefaces of the fatiguespecimens

were observed,it was attemptedto provethatthey representedfatiguecracks

by means of non-destructivecrackdetectiontests. Msgnaflux, Zyglo,and

penetratingdyeswere all used unsuccessfully.

Presumablythe Magnafluxtestfailedbecauseof the disturbingeffect

of the notchitself, The dyeswouldpenetratethe crackbut not in a quantity

sufficientto producediscolorationat the bottomof the notchaftercleaning.

A destructivemethodof sectioning,mounting,and polishingwas re-

sortedto. Tnismethodwas very successfuland was used elusively thereafter.

In thismethod,one end of the specimenwas cut off aboutone-half

inch,awayfromthe notch. A longitudinalcut was thenmade alongthe length

of the specimento aboutone-halfinch on the otherside of the notch, The

cuttingwheelwas 0.030!1thick.Thiscut was not centrallylocatedbut was

sufficientlyoffsetso that one portion of the specimenwas trulya half
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specimen. Thistrue halfwas then cut free of the remainderand mountedin a

conventionalbakelitebase.

The specimenwas polishedand slightlyetched.Somephotographsof

thesesectionsare shownin Figs. 17 to 20,

Crackswere readilylocatedin thismannerand were plainlyvisible

undera microscopedownto a few ten thousandthsof an inch in length.

The cracklengths,or actually,the depthsof crackpenetration,

weremeasuredby usingthe objectiveand lightingsystemof a Tukontesterwith

an eyepieceequippedwith movablecross-hairsmountedon a calibratedmicrometer

lead screw.

In the plotsof cracksgrowthdata,it may

eitherone or two pointsplottedfor each stressand

be seenthat there

numberof cycles.

are

In

both casesonly one specimenwas used.

was measuredfor crackpenetrationbut

plotted.

Of all thesespecimensthere

Originallyody one side of a specimen

laterboth sideswerem?asuredam

was found only one whichhad fatigue

crackslargeenoughto be visibleto the naked eye, This specimenwas run

at 29,700psi for 250,000cycles.Sincethisnumberof cyclesis past the

pointnecessaryto producefailureat that stress,it can be assomedthat

failurewas hminent at this point. A photographof the entirecross section

of this specimenis shownin Fig. 16.
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