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AFBTMCT

The generalobjectivesof this experimentalprogramwere (1]to

developa suitablysupportedsoliddisk type specimen,havingno disturbing

centralnib,whichwouldpermitunrestra~.nedpla~ticexpaxsion underhigh

rotationat speedsup to bursting,(2) to measurethe strainpatternsat

severalst.gesof flowup to burstingon specimns of tl.istypeto disclosethe

basicmechanismof flow and providea meansof calculatingburstingetressesand

(3) to make low-temperatwe6sst$on full-sizedieksof this ‘tWe to determine

the transitiontemperrturefrom ductileto brittlefracture. Sinceparts (2)

+.nd(3) de@ti directlyon part (1), thiswas firttatt?cked. Veriousdesigns

,.,eretriedin orderto perfectsucha speciwen. Severalattemptswere successful

in carryinga specialflange-supportedtype specimencontainingno centralnib

well up intothe plasticrange;Up to the present,it has not beenpossibleto

dsvelopone whichcouldbe carriedsu.ecessfullyto bumting. Sincemost of the

time w-s thusutilizedfor part (1) of the progrem,only a linitedamountof date.

was accumu.l.ted for part (2). Some of the necessaryequipmentfor part (3) was

e!.thcrdesi.gnedor acquiredbut no testswere conductedfor the reasonsexplained

above.
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PREVIOUSWORK

The WeldingResearchCouncil,throu~hits V!eldStressCommittee,financed

the constructionof the earlyWhirlPit. When the project was initiated,its

objectwas to constructthe a.pparatuefor, and to conducttestson weldedship

plates. EmphasisWFs on the effeetof residualstresses,resultingfrom v

welding,on oleavagefailurein weldedships. The methodemployedwas to weld

a four inchcore in a twenty-stiinchoutsidediameterby four inchinside

diametsrby one inchthickplate. Unlessprecautionswere takento avoidthem,

largeresidualstresseswouldresultfrom sucha Rcircumferentialbuttnweld.

X-ray techniquesfor measuringthe magnitudeof residualprincipalstres,aes

were availablein the MetallurgyDepartmentof M.1.T. At the end of the war,

when constructionof the pit began,the Weld StressCommittee!s interestin

residualstresseswaa waning. The committeefelt tb.atthe disk methodwould

prov~.deinformationredundantto the recentresultsof otherinvestigations

into the problem. In spiteof the consequentfinancial.limitatj.ons,some

apparatuswas assembled,and successfultestson bothweldedand wn-welded

diskswere conducted.However,due to the shiftof intmrestfromresidual

stressesto brittle-ductiletrsnaitionphenomena,a decisj.onwflsmade to employ

the WhirlPit ?.sa mearrcof determiningthe plasticflow characteristicsof

mild steel}subjectedto bi-sfialtension$up to fr=chncestrains,a+d further,

to determinethebrittle-ductiletrscsi,tion behaviorof thissteelunderbi-

axialtension.

Becauseof tiiischangeof interest,it was not possiblefor the Welding

ResearchCouncilto continueits supportof the projectbeyondDecember1947.

In January1948the Ship StructureCowmitteeaemmed responsibilityfor the

investi@tionand the work has been continuedunderSureauof ShipsContract
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NObs-L6302.The presentterminationdate of the contractis June 30, 1949.

As part of theShip St,ructureCo~,mittee!s supportof this work,arrange-

mentshavebeen mnde throughthe transferof fundsby the Tran~pcmtationCorps

of theU. S. Army (one of the agenciesconstitutingthe Ship StructureCommittee)

to ‘I?.tertownArsenalfor the machinework,etc.necessaryin thedevelopment

of the testequipmentand for the productionof test specimens.

Beforeundertakingt’,ebrittletransitiontssts,it was necessaryto

improvetheWh:rl Pit apparatus. The five

protectivepit housingis constructedwere

for extensiveweldingand me.chining.This

permitmaintenanceof a highvacuumin the

piecesof armorplateof whichthe

shippedto the WatertownArsenal

workwas necessaryin orderto

pit for brittletests. Withouta

very highvacuum,the windageheatingof the diskwouldprohibitbrittlebursts.

Advant[,gewac takenof the down-ti::erequiredfor machiningthe pit to

developnumerousauxilia.rypiecesof equipmentand to have the catlnetometer

rzpdred. The cathetometer

such thatit may be tied to

(.0001)of the spacingof a

a specialscribin$;dicmond.

is a 20 powermicroscopemountedon a lead screw

takereadingsto one ten-thousandthsof an inch

‘tstrc.in grid!tsoribedupoc the specimensurfaceby

Among the piecesof auxiliaryequipmentconstructed

were a measurin~standfor traversingthe epecimenunderthe catketometer;a

speci,c1 deep throatedmicrometerfor mepsl~ring‘thicknesschangesin the disk,a

lead smelting“apparatusto recastt!letoh of leadpigs used to absorbthe disk

fragments;a specia1 pot chuck(madeat the NateiitOwnArsenal)fOr turninrthe

disksand flanges;nuiierousimprovementsin the hi~h pressuresteamline;and

constructionof a new remotecontrolpanelfor addedsafetyto the personnel.
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ADVA.NTAGESOF THIS TDE OF TEST

In a rotatingdisk of uniformthickness,two of the principalstresses

are equaltensionsat the diskcenter- the thirdprincipalstre:s is essentially

zero. MOreOver,thesevaluesof the principalstressesare a maximm and remain

very nearlyequalfor an appreciabledistancefrom the center. %y reasons of the

~~etry necesSaryto maintainrotationalb31nncebf’a:.ppinnfngdisk,the equality

of thesecenterprincipalstressesis maintainedthroughoutplasticyieldingtc

fracture. Thus the rotatingdiskyovides a meansof ktudyi.nglargeplasticdeform-

ationsin materialssubjectedto pure biaxialtension.

Researchhas demonstratedthattri-axialand biaxial stressconditionsmcdify

considerablythe behc.viorthntsteel.showsundersimplestress. Sincepresenttest

methodsdo not presenta convenientway of predictingtri-axialstressvalues(for

t the rootof notches)and si.nccstructuresfabricatedfromexample,the stresses:?.,

thinpl..tesm-e subjectedchieflyto bi-.axialstres,spatterns,a testmethodwhich

producesa well defined’purblyhi-axialstresspatternis verynseful. In pfirti-

cular,equaltensionis the most severeconditionof hi-axialstress. The rot”t+.L

ing disksappearto be the only typeof specimenavailablewhichwill providea

regionof equal.bi.-axicdtensilestressthroughoutthe entireplatethicknes.:while

m~intainingthe ratioof the principalstressesthroughoutlargeplasticdeform-

ationsand up to rupture.

To reiters.te,the desirablefeaturesof the RotatingDiskMethodu+ compared

to otheravailableproceduresare$

(a) The rotatingdiskmaintainsequalbi-mial stressesall the may to

fractureat the center,whichis wherefrcctorebegins. TheseG.reuni.fordY

distributedacrossthe entirethicknessof the disk@.ndthereis a considerable



-4-

area,near the axis of the d~sk, over whichtheyvary little.

(b) A wide rangeof platethicknessesmay be testedby the rotatingdisk

methodat minimumcost. Full sizeweldmentsmay thus be tested. TheM.I.T.

WhirlPit has a capacityfor disksof any thicknessup to about811and any diam-

eter up to 30!!.For burstingtests,however,the minimumspecimendiameter(for

shipplate)is 1211O.D.

(c) Testscan be conductedon diskswhichare unweldedand investigations

thus carriedout on the basematerial, Thisis not possiblefor internalpressure

tube testsof platematerial,

(d) It shouldbe possibleto obtainbrittlefailuresat low temperaturesin

rotatingdisksmade of normallyductileferriticsteelsby usinga simpleexpend-

able refrigerationsysternas now considered.‘Thestrainvelocityand tem~ ratwe

of the test can be variedquitewidely, Thisis difficultand extremelycostly

to accomplishon largescaletestsof tubesunderinternalpressure(and in such

case.it can onlybe carriedout on weldedtubes,not on the basemetalonly)end

the lowesttemperatureis limitedby viscosityproblas. It is thusanticipted

that the brittletransitiontemperaturecan be obtainedon full sizeassemblies

by thismethod, Comparisonsof the brittletransitiontemperaturesof notched

bars and of rotatingdiskscan thus be made.

(e) It is simpleto testthe rotatingdisksat elevatedtemperaturesalso.

THE WHIRLPIT EQUIPMENT

TheM,I.T.WhirlPit is composedessentiallyof threeheavypiecesof ClassB

armorplate, The centerarmorplate,1711thick, containingthe cavityin which

the disksare rotated,is boltedaroundthe edgesto b(!thickbottomand top cover

plates. T%. latterhave !-+l!thickbossesattachedto them whichprojectinto

the cavityfor greaterprotection.‘Theavailablechamberis thus 40!!in



diameterand 91 deep.

additionalprotection

See Fig:.1 and 2.
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The armorwallssurroundingthe cavityare 10n thickand

is achievedby liningthe pit with lead or steelplates.

Specimensare suspendedin the pit on a 5/8~diameterflexiblesteeldrive

shaftas shownin Fig. 2. An W} 30}000R.P.!M.G.E. horizontalsteamturbineis

couploddirectlyb this sh?.ft. To pre’entexcessivewindege,the pit is

evacmted by a specialvacuumpump. The steampressureis 200 p.s.i. :nd altheu~h

the turbinehas considerablereservepower,it is limitedto a top speedof

35,000R.P.M. Tho remotecontrolpmel Locctedbehinda concreteprotectivewall

is shownin Fig. 3. The vacuumsystmmis shownin Fig. 4. -1echematicdiagrm

outliningthe entireWhirlPit Systernis givenin Fig. 5.

Fig. 5B is a sc!lematicarrangementof the oil-airsystem. An electric

drivenpump i’prcesoil :,tabout16 lbs.pei.sq. in. pressurefrom an oil tank

reservoirthrua strainerthenceto the upperthrustbearingthrOugh3/8 in.

diametercoppertubingat fourhorizontalinletsspaced90 degreesapart. Pnrt

of the oil is bled to a hydraulicaping systemwhichcontrolstke spindle

vibration.

Air is throttledfrom a,mainair supplyat about1.2lbs. per sq. in.

pressureand suppliedto the thrustbalancingpiston,an area of ebout10 sq. in.

on the bottom

Also,part of

to returnthe

faceof the turbinewheel,to limitthe loadon the thrustbearing.

the air is bled from the thrustbalancingpistonchamberin order

lubricatingoil to the supplytank.

PROGRAM——

As originallyconceived,the ex?erimente.1pregramconsistedof threeparts.

The firstinvolvedthe developmentof a suitablemeansfor supportinga solid

rotatingdiskwhichhes no discontinuity(i.e., hole or changein tkickness)



near the centerof the diskaiidat the same timeallowingthe disk to expand

F&s ti.tallyunderthe actionof highrote.tionalspeeds. The purposeof thiswas

to providea meansof studyingthe flow ,?,ndfracturecharacteristicsin the

presenceof a uniformand undisturbedcompletelydefinableset of eqv.alhi-axial

tensions. The nib-typeof specimenused successfullyheretoforehad the

disadvantageof a localdisturbanceof the stressand strainpatternsnear the

centerof the disk.

The secondpart of the programentailedthe measurementof the principal

strainain the diskwith thisnew type of specimento provideb~ic data on

largeplasticdeformstionsin a fieldof biaxial tensions,to checkthe

performanceof the specimen.

The thirdportionof the programwas to probefor the brittle-ductile

transitiontemperatureof a rotatingdisk. It was plannedto coolthe disks

with liquidnitrogenand to measureboth temperatureand medmum centerstress

by meansof SR-l+gagesand e.slipring system.

PILOTlISTSFOR DEVELOR::ETOF FLANGE-SUPPON1TYPESPECIMEN—, —..- —. ——.-

Afterseveralpreliminaryconferenceswith representativesof theShip

Strt~.ctureCommittee,it was decidedto concentratefirstupon part one of the

programand attemptto developa suitablesupportedspecimen,sincethe valueof

the secondand thirdpartswouldbe directlydepende.~tupon ita ouccessful

development.

TableI includesa listof the variousdiskstestedusingdifferentsupport

methods. The differenttypeoof su.pportsare s1!o,‘nin Figs. 6 to 9 inclusive.

The speedsattainedand the methodof failureat eachspeedare also listedin

TableI. Viewsof the armordrivingflmge are includedin Fi@..10 and 11.

Typicalplan viewsof burstsfor the center-nibtypedisksare illustr~tedin



Figs. 12

Figs.16
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to 15 inclusive.Some sideviewsof the fracturedsurfacesare seen in

and 19.

While timedid not permitthe successfuldevelopmentof E.flangesupport

methodfor room temperatureteststo burstingspeeds,it was possibletQ

completdy plasticallydeformsuch ipoimene to within@ per cent of such speeds,

Figs. 20 and 21 show

deformedplastically

Strain&nts was

viewsof typicalflange-supporteddiake

throughout.

FLOW PA’!.TERNSFOR DISKSTESTED

whichhavebeen

takenon a numberof the diskstestedand Figs.22 to 29

inclusiveshowthe flow patternsreceivedfor theee cases, Of interestis the

fact thatthe strainpatternsfor disksW-29 and W-27 are practicallythe same

to within2 inchesof the centerfor the speed11,000R.P.M. At the center,

the nib altersthe straindistributionsa.sshown.

@l FLA?K2ES1lPPOR’TMETHODPROPCSEDFOR FUTORETESTS

The objectof the attemptsto developa flangemethodof driving

was to makepossiblen spinto destructionof a diskwhichwouldhave

specimene

no change

in section(i.e., centernib or hole)in the centralarea. The principal

etresses are a maximumat the centerend fall to smallvaluesat the peripherg.

Ey boltinga specimendisk to a slottedflange(thefla.nge of veryhigh strength

smterial)it was hopedto permitradialexpansionto occurwithoutreetraint;to

maintainthe ve~ delicatebalancenecessaryat the b~gh rotationalspeeds;and

to bolt the disk in eucha mmner that theresultingstressconcentrationbe

lees thenthat of the centeretress. In all the teets

impossibleto maintoinbalenceall the way to bursting

for whichthe disk ie completelyplasticare poseible,

to date it has been

speeds. Althoughspins

the bolthole in the
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disk has alwaysexpandedto suchan extentthatthe disk couldslipon the

flsngebolts,move off center,and fatiguethe drivesnaft. Considerationof the

valuesof the principalstressat eachpointin a rotatingthin disk showsthat

the sxialstress is zero; the radialstressis nearlyzero;and the tangential

stressi,s40;;of centep stress near the peripherg,This meansthat a belt hole

in thisregion is practicallyin simpletension- By usingpairsof tilt holes

(1/4”diameter;5/8~ apart)it w,?.sfoundthzt the hole spacingwouldnot change

as the diskyielded. Thismeantthatno umb~mcewoulddevelop due to the

expmeion of,the bolt holes. Theredevelopodhow~ver, one othermeansof losing

the diskbalance,thisdue to the thinningof the diskat the belt holes, This

thinningpermitspreceesion. To counteractthisdifflculty$:#kdges (ES she@ iIY )

Fig. 30) whichare drivenby the centrifugalforceappearto be a solution.

Unforttumtely,however, the high centrifugalforces50,000to 80,000g!s ?nd

the inclinedplanemechanicaladvafitageof the wedgesfailedthe boltson the

firstdesignattempt. By utilizingthe best availablemagnesiumalloysin

combinationwith high alloysteelsand very lightwoodenwedges,a flungebolt

supporthas beendesignedwhichall.concernedfeel certainwill accomplishthis

difficulttask.

SuMMARY

The preeentstateof developmentof theWhirlPit is discussed,showingthat

thisvaluablepieceof equipmentis now completelyand satisfactorilyoperable.

Testsare describedwhichwere made in an s.ttemptto developa suitable

flange-supporteddisk containingno change in sectionat the center. It has

been Dossibleto bringthesedti~ksto withinonly88 per centof burstingspeeds,

however,allowingthe disksto be plasticdly dcformedthroughout.Strain

patternswere determinedfor severalof thesedisks. Sufficicnttestshave
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bccn made,however,to indicn.tepfouiseof tiqisnev~flangesupportmethod.

TABLEI

PILOT TF~l%USED IN DEVELOPINGFLAi!GESUPPORT

Disk Ho.

W-28

W-28

~.~g

l’i-28

W-28

7;-27

W-27

W-27

‘F-20

W-21

W-21

W-21

w-29

W-29

w-29

W-30

W-30

W-23

W-23

W-19

n

!9

n

n

s

tl

n

speed of Test

8,750R,P.M.

9,&lo

11,000

12,700

13,100BURST

11,000

12,500

13,000BLP+ST

StrainData Taken

s n II

n 1! !1

wnrt

u u II

1! It II

1! n N

s II 1!

8,500

9,625

11,500

12,500

8.700

11,000

11,400

11,400

10,900

8,800

8,500

CenterifibFatigued

StrainData Taken

n 11 11

ShaftFailed

Stroinstoo small to measure

StrainData Tnken

ShaftFailed

2“

s n

n 11

II u

10,500 s s
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Figure2. View of WhirlPit with CoverRemovedShowingDiscSpecimen
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Fig. 10. ArmorDrivi~lgFlange
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Fig. 11. ArmorDrivingFlange
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Fig. 12. Plan View of FracturedDisk #’!-2$with CenterNib
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Fig. 13. PlanView of FracturedDisk #l&28with CenterNib
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Fig. 14. PlanView of FracturedDisk #1’IL27with Center Nib
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Fig. 15. PlanView of Disk #K2’/ with Center Nib
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Fig. 16. Side View of FracturedDisk #V&28
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Fig. 17. SideView of FracturedDisk #W-3 with CenterNib
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FigQ 20. Plan View of FlangeTypeDisk #W-29PlasticallyDeformed
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Fig. 21. PlslI View of Flange Type Disk #W-30 Plastically Deformed
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