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ABSTRM?I!

This reportdescribesthe detailsof die design,the powderpreparation
and loadlng,and the hot pressingoperationsemployedto fabricatetwo
15.53-inch-OeDox 10.20-inch-I.D.tungsten carbide-6w/o cobalthollow
hemisphereswith 3.95-inch-diameterpolarcavities,and two k.08-inch-
diameterx 2.7&inch-longcylinders.

The metallographicstructureof the staztingpowderand of a core frcm
one of the hot pressedhemispheresis described.
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lmRolxJcJ!IoN

The CriticalAssembliesGroupat ms AIzMuosScientificUboratory
requiredtwo WC-6w/o Co ho120whemispheresfabricatedin accordance
with drawing19Y-295~3 D3 (Figure1) and two cylindersto fillthe
polarcavitiesin the hemispheresfor experimentalpurposes.

It was agreedthatthe requireditemswouldbe fabricatedby hot pressing
and that the hemisphereswouldbe pressedapproximately0.030in. over-
size on all dimensionsto accunmodatefinalgrindingto drawingspeci-
ficationsby an outsidevendor.

EWmiENT

The LASL-designed250-tonhot pressshownon the rightin IYgure2 was
employedfor hot pressingtk two hemispheres.The ram was activated
with a VickershydraulicpowerunitModel12057and a VickersModel
230k-E3pump. An Ajax ElectrothermicCo. k-tap,k8-in.-O.D.induction
coilcoupledwith a GeneralEZectricCo. 175-kW,800-v,g60-cycle,air-
cooledmotorgeneratorset providedinductionheatingof the graphite
die assembly.

A Manley60-tonhand-pum~d shoppresswas employedfor hot pressingthe
&.085-in.-diax2.7&in.-long polarcavitycylinders. The inductive
heatingwas suppliedby a Westinghouse100-kW,800-v,3,000-cycle,air-
cooledmotorgeneratorset coupledto a 20-in.-O.D.Ajax Electrothermic
Canpany4-tap inductioncoil.

The raw powderon handwas a commercial WC-6 w/o Co powderwith a Fisher
average~rticle size of 1.1 microns. Figure3 is a photomicrographof
thispowder. The powderas receivedhad a buIJcdensityof 4.0 g/cc and
a tap densityof 6.o g/cc. The chemicalanalysisis shownin Table 1.

To facilitateloadingof the tiesused for pressinghemispheresand to
reduceoverallpunchmuvementduringhot pressing,the powderwas given
a preliminaryconditioningoperation. It was isostaticallypressedin
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IYgure 3 - WC-6w/o Co Powder,Etched,

TABLEI

CEZMICALANUYSIS OFCWMERCUL WC-6W/O CO

liUment Quantity(ppm) Element

Ill 10 Mn
Be 3 B
B 10 Ivi

30 Cu
z 10 Zn
Al 30 Sr

Si 200 Zr
K 30 m
Ca 100 Mo

TI 30 M
v 100 Sn
Cr 30 Ba

Not detected: Cd, Pb, Bi
co: 5.8wjo

750X

FOWDER

Quantity(ppm)

30

300

10
100
30

3%
100

5:
10



polyvinylsacsat 30,w0 psi to formcylinders6.o im. dia x 14.0 in.
long. These cylinderswere subsequentlycrushedin a Bico-BraunChipmunk
Crusherand screenedthrough-35mesh to providea powderwith a bulk
densityof 4.8 g/cc and a tap densityof 6.5 gjcc.

The graphitedie detailedin drawing26Y-75252(Figure4) was employed
for pressingthe polarcavitycylinders. GreatLakesCarbonCo.,grade
H41Mgraphitewas utilizedfor pressingthesetwo 4.08-in.-diax 2.74-in.-
long cylinders.

NationalCarbonCo. gradeATL graphitewas employedin the firstattempt
to pressa hemisphere;GreatLakesCarbonCo. grade--85, a multiple
impregnatedgraphite,was successfullyused for pressingthe two hollow
hemispheres.

PROCEUJRE

Hot l%resslngof Hemispheres

A graphitedie assembly,detailedin drawing26Y-75251,
was designedand fabricatedto presshollowhemispheres
in O.D.and 0.060in. swXL1.erin 10D. than the required

Rev.B (Figure5)
0.060 in. larger
finisheddimensions

shownin Figure1. Additionally,a verticalstopwas includedin the die
designto providea 0.030-in.grindingstockat the equator.

All surfacesof die componentswhichwould contactthe powderwere coated
with a diluteAquadagsolution. The centercore (Figure5, part 5) was
insertedin the innercase (part2), and the innerpunch (part4) was
assembledon the centercore. Wood dowelswere used in the horizontal
holes in the innerpunchto positionthispartverticallyon the center
core so thatthe properamountof powderwouldbe loadedunderthe inner
punchpressingarea. Spacers(part10) were insertedbetweenthe inner
punchand the innerdie caseto maintainthe innerpartsof the assembly
in concentricalignmentduringloadingof the powderinto the die.

Smallportionsof the 169.2-kgchargeof conditionedpowderwere
successivelyloadedinto the die and tampedwith l.O-in.-diawooden
dowels. The spacerswere removed, and the centerpunchwas inserted
withoutdifficulty.The loadeddie assemblywas positionedin the hot
press,and the chargewas coldpressedby pressingseparatelyon the
innerand outerpunchesat 400 psi usingappropriatespacers. The
positionsof the inner and outerpunchesrelativeto the die casewere
measured,and the assemblywas coveredwith and surroundedby Thermax
lempblackas a thermalinsulator.

The die was heated
(Figure6) with an

inductivelyaccordingto the graphedheat cycle
initialpressureof 350 psi on the outerpunch.

9
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. Pressureon this outerpunchwas increasedto 900 psi and held untilthe
requiredmovementoccurred. The appliedloadwas slowlyreducedto zero.
Measurementswere nade to determinethe verticalrelationshipof the inner
and outerpunches, and the spacerswere thenmanipulatedto applypressure
on the innerpunch.

An initial.pressureof 350 psi was appliedto this innerpunch,and the
pressurewas slowlyincreasedto 1000 PSI and held untilthe required
movementwas obtained. The pressurewas reducedto zero,and spacers
were againmanipulatedto applypressureon the outerpunchafteragain
determiningverticalpunchrelationships.

Pressurewas appliedto the outerpunchand slowlyincreasedto a maximum
of 1050 psi and heldat this leveluntilmeasuredmovementindicatedthat
the innerand outerpuncheswere flush. The gage pressurewas then
increasedto providea pressureof 700 psi on both punchessimultaneously.
The pressureon the puncheswas graduallyincreasedto 1000 psi and held
at thisleveluntilthe movementstopped. The powerinputwas reduced
slowly,and the pressurewas reducedto 900 psi. Powerwas turnedoff
when the die cooledto 1430”C.

The die was disassembledbypressingthe innerdie casethroughthe outer
die case. The innerdie casewas sawedintotwo pieces,and the inner
punchand centercorewere sawedat the equatorof the pressedhemisphere.
The remainderof the graphiteadheringto the internalsurfacesof the
pressedpiecewas removedby drilling,sating,and chiseling.

Hot ~SSi~ of Cylinders

The two polarcavitycylinders4.085in. dia x 2.75 in. longwere
routinelyhot pressedat 1430°Cand 1350 psi to a densityof 15.08g/cc.
Accordingto normalprocedures,the powderwas loadedintothe die, the
loadeddle assemblywas positionedin the hot press,and the powderwas
coldpressedat 900 psi. The distancethe punchesextendedout of the
die was measured,the die assemblywas reloadedinto the hot press,and
the die was surroundedby and coveredwith lampblack. It was inductively
heatedand the powderchargepressedaccordingto the temperatureand
pressurecycleindicatedin F!lgure7.

DISCUSSION

Diesand Die Design

The thin ring,FQure 5, part 9, was employedto preventthe lampblack
fra fallingintothe exposedannularcavityat the earlystagesof the
run and thus causinga fhlse stopon the outerdie punchat the termi-
~tion of the run. The cutoutin this ringwas made to facilitateremoval
and changingof spacersduringthe hot pressrun.

13
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The firsthemispherehot pressrun was terminatedimmediatelypriorto
applicationof pressuresimultaneouslyon both puncheswhen a loud report
announceda die fracture. Post-pressingexaminationof the ruptureddie
assembly revealedvariousdefectsin the graphiteused for parts1, 2,
and 5 of Figure5. The fracturesdid not occurthroughmechanically
inducedweak spots,i.e.,drilledand tappedholes,thus essentially
rulingout poor designas a causeof failure. Becausethe ATL graphite
containedflaws,and becausea machinedand loadeddie assemblyrepre-
senteda considerableinvestmentin timeand money,premiumgradeMHIM-85,
a multipleimpregnated,high-strengthgraphitewas employedfor succeeding
assemblies.Only one outercase,Figure5, part 1, was used for the two
assemblies.

A veryloud and sharpreportwas heardduringthe coolingcycleof
hemisphererun number2, and the pressurepump was immediatelyturnedoff.
S@Sequent examinationrevealedthata spacerbelow the innerdie case had
crackedin severalplaces.

TemperatureMeasurement

Thermocoupleswere insertedin the l/8-in.-diax 2-in.-deepholes in the
innerand outercasesat a 1 in. radialdistancefromthe interfaceof
the casesto determinethe temperaturelag in the innercase. Chrcmel-
Alumelthermocoupleswere employedto minimizeeffectsof the inductive
fieldon the thermocouplereadings. It was necessaryto electricald.y
groundthe die assemblyto minimizeac feedbackto the potenticxneter.

IRLgure8 is a plot of the temperaturereadingsobtainedin the innerand
outergraphitecasesduringthe secondhemispherehot pressing. After
the last thermocouplereadingat 872”c, the thermocoupleswere removed,
and subsequenttemperaturemeasurementswere conventionallymade with
a Leedsand Northrupopticalpyraneter.

The temperaturesrecordedin the temperature-pressureprofilesin
Figures6 and 7 curethoseobtainedby opticalmeasurements.

ms~ction and SsmPliW

Weightlossesoccurringduringthe hot pressingwere 1.5 w/o and 1.4 w/o
for the two hemispheresand 1.5 w/o for the two cylinders. The weighed
hemisphereswere submittedto the ShopsDepartmentfor inspection.The
measuredO.D. of the firsthot pressedhem.lspherewas, on the average,
0.018in. smallerthan intended,probablybecausethe coolingcycle
underpressurewas terminatedprematurely.Grindingstockat the equator
averaged0.040in. for both hemispheres.

The hemisphereswere shippedto a vendorfor finalgrindingto drawing

15
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specifications,and the cylinderswere groundat LASL. The ground
hemisphereswere weighedand measured,and calculateddensitieswere
15.08g/CC for both.

Rsdlographyand ultrasonicinspectionof the hemispheresshoweda
uniformdensity and a flaw-freestructurewithinthe 0.040-in.W
resolutionof the 25-MeVBetatron.

A O.@-in.-&lahole in the secondhot pressedhemispherewas coredby
sparkmachining. The corelocation(J?@re 1) was in an area expected
to be the lowestdensityand leastuniformbecausethe flow of powder
thereduringthe hot pressingwouldbe minimal. Radiographicdie
penetrant,and ultrasonicinspectionof the core Indicatedthat it was
flaw-freeand uniformin density. The corewas sectionedto provide
samplesnear the outsideand insidewallsof the hemisphereand in the
centerof the wall thickness. Thesesampleswere examinedmetallograph-
ically,and the materialadjacentto themwas analyzedchemically.

The core samplesaneJyzed5.0 and 4.9 w/o Co. A portionof the core
yieldedat 585,ooopsi in a compressiontest. Figure9 showsphotomicro-
graphsof the core samplestaken near the outerwall, center,and inside
wall,respectively,indicatingno intergranularporosityand very little
porosityin the WC grains. The structure2s simlla.rto thosereported
in the literaturefor hot pressedWC-Comaterial.

ImurJl!s

Two 15.53-in.-O.D.x10.20-in.-I.D.,366-lb hollowhemisphereswith
3.95-in.polarcavities,and two 4.08-in.-diax2.’7inilongongcylinders
of WC-6w/o Co were hot pressedsuccessfullyto 99.% of theoretical
densityand very closeto designdimensions.

Nondestructivetesting,chemicalanalysis,and metallographicexamination
indicatedthat the hemisphereswere very uniformIn density, canposition,
and structureand containedno detectableflaws.

Figure10 showsa hemispherein the as hot pressedcondition,and l?igure
11 showsa groundhemisphere.

The principal.difficultyencounteredin the fabricationof theseccnnponents
was the fractureof the firstgraphitedie assemblyfor hemispherehot
pressing. This fracturewas attributedto flawsIn the graphite.

,
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