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PRESSU TAL h{ltLF}D TOOTH ROCK BI' T ! Backgr ound pf t he
| nvention This invention rel a e pled" topth r(lztgr cone ro -
and net ho mwm lm“ﬂlﬂ ture ther Rot ajy. cone roc its for

wel |'s andﬂ I ﬂ“ II ”M“ monl y ha a Leqaz body which i's connect ed to the

bottom of a kesg-pi pe which extends fromthe earth' slsurface down to the
bottom of the well. The long pipe is conmonly called;a drill string.
Steel cutter cones are nounted on the body for rot ation and .engagenent
with the bottomof the well being drill'ed to crush, gouge, and scrape rock
thereby drilling the well. One irrportantI type 01;] rocr bijt r](caferr;aﬂ to as
amlled tooth bit, has Lo hi triangular teet rotruding fromthe
surface of the cone fG&FE %ﬁg’é HPEL & BEQ.“Wt’é&I’r@are typically covered
with a hard facing material MQOTH#r ROCKIBIX EOINEt O increase the life of the
cone. The teeth are forned into the steel cone by material -renoval

rocess NQg t [ ring, and mlling. Thus, the cone is

Pe-f erre oxizolifla e |4l ﬂg’enQQ k bit cone because the teeth are

manuf act ur ed TBYS i 1Yantdopneelat@s tent'miledsr §eatht xettanyr ebpe nrockTivd tsones
may al s@rge megheds cof imarastasitaek thetdfaxvnes because they are

predo”inant'ﬁo@%??fQGBHrQ@cerQEét%%E déiqhkhsdoﬁqomgllgcgpﬁ the Can

e
Pﬁ\r/ﬁeggsor rg)‘ralg rp‘?ﬁ'ﬁs Fﬁgegf‘g%‘?%t‘lf%‘re?tg;l nDC:‘Pl?‘F‘FEHedt b8t Fhe d%‘k“-‘}ﬂ“t Qfor@e is a
I abor i Rtaas pBe privislis sxtemds £nom theteamth’st kertast defwnatsi thebdtaaih rock
bit conef strad twebuf abfRet Qoh§epipe is commonly called a drill string.

Steel cutter cones are mounted on the body for rotation and
engagement with the bottom of the well being drilled to crush,
gouge, and scrape rock theréby drilling the well. One important
type of rock bit, referred to as a milled tooth bit, has roughly
triangular teeth protruding from the surface of the cone for
engaging the rock. The teeth are typically covered with a hard
facing material harder than steel to increase the life of the cone.
The teeth are formed into the steel cone by material-removal
processes including turning, boring, and milling. Thus,

the cone
is referred to as a milled tooth rock bit cone because the teeth

are manufactured by mllllng the teeth into a forged steel preform _
- The cones may also be referred to as steel tooth cones because they
are predominantly manufactured from steel. A milled tooth rock bit

cone can have 69 or more milled surfaces, five or more bores, and

three or more turned surfaces. Thus, the production of a milled

tooth rock bit cone is a labor intensive process, and a majority of

the cost of a milled tooth rock bit cone is attributable to the
labor cost.: The cost is also increased by the waste 6f raw
material which is machined away during the material removal
'process. The machining processes also leave sharp edges and
corners on the finished cone. The sharp edges tend to crack, and
the cracks propagate through the cone and through the hard facing,

reducing the useful life of the cone. The sharp corners are

plagued by stress concentrations which also promote cracking of the’
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| abor cost.- -The cost is also increased by the waste of raw material which
is machi ned away during the material renoval processS. _The nachining
processes al so | eave sharp edges and corners on the finished cone. The
sharp edges tend to crack, and the cracks propagate through the cone and

t hrough the hard facing, reducing the useful life of the cone. The sharp
corners are plagued by stress concentrations whichlal so pronote cracklng
of the 1 112122221 LEITL LELIIL T4 2000 THEEE 1T THET *ACTION® ~_ rly 2

cone. Thus, teeth geonmetry nust be linmted to avoid sharp edges and

corners. Further, the geonetry of the teeth is Iimted by the capability
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To create the preform, the powdered metal, usually steel,
poured into the flexible mold while the mold is

is
vibrated.

Vlbratlng the mold during filling uniformly packs the powder in the
- flexible mold. The flexible mold is supported during the cold
isostatic pressing. by tooling which allows the deformation
necessary to_compress the pattern. After the mold is compressed,
the preform is removed from the mold and subjected to uniform
heating. Once the preform is heated, it is transferred to a
central position in a cylindrical compression cavity in which it is
surrounded by a bed of granular pressure transfer medium heated to
approximately the same temperature as the preform. The pressure
transfer medium is then axially compressed dreating a quasi-
isostatic pressure field acting on all surfaces of the preform.
The radial pressure acting on the preform approaches a theoretical
maximum of one-half of the axial pressure acting on the preform.
After compression, the part is removed from the cavity and allowed
to cool slowly over a two (2) hour time period. This powder
metallurgy process requires two compreSSLOn steps, and because the
non-isostatic compression step causes a non-uniform reduction in
size of the preform, its pattern is complex. The second
compre551on process is essentlally a hot pressing process, which is

expen51ve and 1neff1c1ent but only one part can be made at a time.



heating. Once the preformis heated, it is transferred to a central
position in a cylindrical conpression cavity in whi-eh—+t—+s—surroundeg by
a bed of granular pressure transfer medium heated To approxinately the
same tenperature as the preform The pressure transfer mediumis t hen!
axially conpressed creating a quasi- isostatic pressure field acting on all
surfaces of the preform The radial pressure acting on the preform i
approaches a theoretical nmaxi mum of -oBe-half of t'he axial pressure acting
on the preform After conpression, the part is renoved fromthe cavity and
allowed to cool slowy over a two (2) hour .tinme period. This powder
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tooth rock b1t cone is desirable to enhance the production rate and

reduce productlon cost of. the milled tooth rock bit cone. It is

also desirable to diversify the geometric shapes of the teeth to

~ increase the rate of. penetration without the need for complexly
shaped molds and preforms. Thus, the successful application of

powder injection ﬁolding to produce "milled tooth rock bit cones"

is desirable to bring about such an increase in the rate of
penetration and decrease in the cost of rock bits which translates

directly into reduction of drilling expense.




reduce production cost of the mlled tooth rock bit cone. It is also
desirable to diversify the geonetric shapes of the teeth to |ncrease t he
rate of penetration without the need for conplexly “shaped nol

preforns. Thus, the successful application of p yng to
produce "m |l ed tooth rock bit cones" is desiraple to bring about such an
increase in the rate of penetration and decrease in the cost of rock bits
which translates directly into reduction of drilling expense. 4 - '/

Brief Summary of the Invention There js, therefofe, provided in practlce of
this invention a novel nethod for ‘na‘hu‘f acturing a toothed rotary cone rock

drill _bit nen h Q ' the steps of pressure nolding a blend of
a bi dBrie! ogdt% £¢é&7ﬁﬂ? a mol d defining toothed rotary cone ..
shape t her eBye¥flidi n§herrfaeenBrevitdeda inoBYACHLIFH1F FhdEnd NVERBHRR 3yr een
part. Inoveddmbtbod tée haotfwrturdngr p coothellapetarny cooat abek aarint er nal

beari ng,;gur fage rd@%hSB éénﬂr?i%@s“ﬁ?e ts‘%e&’&@t 8k 'bz‘é},%uréeﬂai&ﬁg; Lobeeaaces for
t he bearln surface. Furt ect to pre heating to
e || Aot MBF| VG 197 30000 BAHSST oL ¢ PROOREEHTHE (SRS REEOER) r o3

shape aune shiapes thanab?ymOIrtJatqaothel rplengr dindior @d tawtdbdidneetaryheonel d i s
nmade fro@peat §feers Pavbl € IRLARERLCR) méﬂa:roo%abueaétsﬁi- Wdre @pKMRAS. The
nold is Ehere;ore consyq§q£§ To faﬂﬁﬁ%ﬁ E %%hahe Iékellhood t he
green part-2hol d‘ng a2 GRS RALE Gt o £83, te it Po§ powder
may be Frligies: &edgranees ey é’tfaé'ﬁﬁadﬁﬁﬁﬁ?cet he“@‘?"élﬁ%péﬂe ibd esdbj ect ed
to a thgr wel sdepidwidngo ppceeatingvwd ctadild tgteeiipaihg i thelnwildy ahaat ed
to 100'4, argﬁtph%g a&é#aaaﬁt:em@gawaedéﬁiﬁegﬁ%h(ag;)e GHHh {0e Jragpart 1s

t hen heate f oXI ma F_and erature from ei ght
(8) toh Lﬁ&Pr%ﬁﬁf Fﬂeﬁmpﬁglﬁ?%%ﬂ he mold is ma e from water

soluble materlal or other solvent soluble polymers. The mold is

therefore consumable. To further increase the likelihood of the
green part holding the desired shape until it is heated, the alloy
powder may be pre-sintered. ' '

In a preferred embodiment, the green part is subjected to a
thermal debinding process in which the green part is slowly heated
to 100°F and held at that temperature for one (1) hour. The green
part is then_ heated to approximately 300°F and held at that
temperature from eight (8) to ten (10)_hours, and then the green
part is heated to 400°F and held there for four (4) to eight (8)
hours. '

The invention is further directed to a toothed rotary cone
rock drill bit manufactured by blending an alloy powder with a
binder, pressure molding the alloy powder and the binder into the
desired rock bit cone shaped green part, sintering/heating the
green part, and machining the internal bearing surfaces. The rock
bit cone is designed so that after sintering,’the outer surface is
the final net size, but the inner surface has extra material which

allows precision machining of the inner surface to net size and
shape.



part is heated to 400'F and held there for four (4) to eight (8) hours.
The invention is further directed to a toothed rotary—cone—rock—drittbit
manuf act ured by bl ending an alloy powder with a binder, pressure nolding
t he all oy powder and the binder into the -desired rock bit cone shaped
green part, sintering/heating the green part, and -fachining the internal
bearing surfaces. The rock bit cone is designed so . that after sintering,
the outer surface is the final net size, but the inner surface has extra
material which allows precision. nach?nrng of the inner surface to net
size and shape 5 - Brlef Descrlptlon of the Drawi ngs These and ot her
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cutter cones 12 for drilling rock for formng an oil well or the like.
Each of the cutter cones is rotatably mounted on a pin (hidden) extending
diagonally inward on one of the three legs 13 extending downwardly from

t he body of the rock bit. As the rock



bit is rotated by the drill string to which it is attached, the cutter
cones effectively roll on the bottomof the hole being dr|IIed The cones
are shaped and nounted so that as they roll, teeth 14 on the cones gouge,
chip, crush, break and/or erode at the rock at t he bottom of the hole. The
teeth 14G in the row around the heel of the conejare referred to as Fhe
gage rom/teeth They engage the bottom of the hole being drilled neaf its

perimeter on "gage." Fluid nozzles 15 direct drilling nud into the hple to
carry away the particles of rock created by the drilling. Such a rock! bit
is conventional and merely typical of various arrangenents that may be
enpl oyehm_d_la;gr_aauiriiﬂn exanpl e, nost rock bits are of the three cone
variety il I st re’iie@@laHQWﬁYEIed lsooth zamc %1@0@1&9%&&@@08{ m QW The
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3 or erode at the
"rock at the bottom of the hole. The teeth 14G in the row around

the heel of the cone are referred to as the gage row teeth. They
engage the bottom of the hole being drilled near its perimeter on
"gage." Fluid nozzles 15 direct drilling mud into the hole to
carry away the particles of rock created by the drilling.

Such a rock bit is conventional and merely typical of various
arrangements that may be employed in a rock bit. For example, most.
rock bits are of the three cone variety illustrated. However, 1,
2, and 4 cone bits are also know. The arrangement of teeth on the :
cones is just one of many possible variations. In fact, it is
typical that the teeth on the three cones in a rock biﬁ differ from
each other, so that different portions of the bottom of the hole
are engaged by the three cutter cones; and collectively, the entire
bottom of the hole is drilled. A broad variety of tooth and cone
geometries some of which are known can be fabricated utilizing the
present invention, and these different tooth and cone geometries
need not be further described for an understanding of the
invention. _ ‘

However, a short explanation of how the shape of the bit in
Fig. 1 would be obtained using material removal processes is
helpful. Each tooth would have four milled surfaces 16, 18, 20,
and 22. The milled tooth rock bit cone would typically have three



i ntensive processes, powder netallurgy can be used to manufacture the
cone. Broadly, powder. netallurgy is a class of processes whereby alloy
powders conprising netals, ceramcs, and other materials are nolded into
obj ects by conpacting then1in suitable di es and subsequently heating or
sintering themat elevated tenperatures to. obtain the required density and
strength. Alloy or netal powders are produced by many processes, including
atom zation, reduction, electrolytdi @ deposition, thermal deconposition of
carbonyl, mechanical comm nution, precipitation froma chem cal sol ution,
production of fine chips by machining, and vapor condensation. Because the
powders fornmed by the processes nentioned above have different sizes and
shapes,tyrneflsSie A/t 36l BRE EMRMATETIBLaFnT f2e6 ff iltey cobar (met t he
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the fingdcHiicilaR®mminution, precipitation from a chemical solution,
production of fine chips by machining, and vapor condensation.
Because the powders formed by the processes mentioned above have
different sizes and shapes, it is necessary to blend them to obtain
uniformity. During the blending phase, special physical and
mechanical properties may be imparted to the toothed rotary rock
bit cone by blending different metallic powders or other materials
into the alloy powder. The blended alloy powder is then formed
into the desired toothed rotary cone shape in dies or molds using
hydraulically or mechanically actuated presses. The compaetion
obtains the required shape, density, and particle contact to impart
sufficient strength to the part to enable handling for further
processing.

The preferred embodiment. shown utilizes a steel powdered metal
blended with a thermoplastic binder which is injection molded to
form a green part hav1ng the desired cone geometry and larger than
net size. The green part is then subjected to a’ debinding process
at a temperature range between 100°F and 400°F inclusive. The
green part is then sintered at temperatures from 800°C to 1300°C
inclusive depending on the materials used to fabricate the cone.
The outer surface including the teeth 14, is the final net shape
after the sintering process. The internal surfaces of the rotary

cone are designed to be near net shape after the sintering process.
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after the sintering process. The internal surfaces of the rotary cone are:
designed to be near net shape after the sintering process. 8 Specifically,
the internal bearing surfaces are designed to have extra material after
the sintering process, so that the bearing surfaces can be precision

machi ned to the proper dinensions. This s required because the bearing
surfaces require low tol erances. The cone can be' heat treated to obtain
the required ductility, hardness, and strength properties, and a hard
facing material can be placed on t febt et h. Though the preferred

enbodi nent shown utilizing the present inventionis a mlled toothed
shaped one,icgg§ I nyenton c%g_easil be applied to manufacture a bit or

Y
cone sHRAped o récelle 1M DeArdBeaPPTEaces cire rdasigmedditaehavef t he

mol di ngeprcdiateriing| adter pthesainteming myddessh| eadathatl Ith pRWEShHyi NtO a
di e or sudfadeni tdn e pYECIsi¥n RACAENLD QYL@ e Yot repgth to
enabl e Iyr;{@if%r o%gggh%]?.iggnebgr e.sgur e | di r?trglsg?cgg‘g%@%%ocpsdt Qﬁégs t han
appr oxi mat e 6 pSI .. IS pr et e 2oISETE8Cp8l FeR Ve ulRH $9)amsacest d

bef or e TH¢ | FARE t FRN nb® dhed§ ht¥ertesbyitier obtaial . theherequinest ot ipyl, | ed in
;he EDInbtduaqsneaﬁgretfengﬁmpmg%Fa&teéy,.gndaglmagahgggigé ﬂé&f¥ﬂ¥¥ can®

urtherpé NELEASE dMeLR@r testibi | I DLgpdllds shapse durin |

pr ocessiggf.;tihe Rowder et alr?i S E{l_ée{‘rl%gdtﬁ% g%g%é%lf?ed? i*c sg‘l"f'faer

bef ore 1or mHg'% M pEREEPT nt Vet oydsSi RredridhgPetontinedgshrmess womenol di ng
of a pobRrerinwengiop| eadeeasidy fhe dppdriedptashanubieeere 4 heihlanddne heat ed
to a tesmepad o reboivdi IHsea@ugh to nelt the binder, but high enough to

facilitate e ow of the blend into the nold. The tenperature range is
typical |y fr% cl%%aﬂ,t o 1859%rﬁ%s?m¥’ﬂél’b‘?qfde?faft§6 Rtling praqessi cant

during Presidfise PFSEERRY Poldinb| the hd epdeddal boy | puwder ointdie rayled Jr ke a
liquid nobdavitincam amyer danPrdsed t60@BREEn tHE necessary strength to

enable further processing. The pressure molding is conducted at

less than approximately 100 psi. It is preferable to pull a vacuunm
in the mold before filling the mold with the powder metal. When a

vacuum is’ pulled in the mold the pressure is approximately 1

atmosphere or 14.5 psi. To further increase the part’s ability to

maintain its shape during processing, the powder metal is'blended

with a thermal plastic binder before forming the powder into the

desired shape. During pressure molding of a powder metal blended

with a thermoplastic binder, the blend is heated to a temperature
not high enough to melt the binder, but high enough to facilitate
the flow of the blend into the mold. The temperature range is
typically from 100°F to 150°F. Thus, the binder also acts as a
lubricant during pressure molding to enable the blend to flow into
the mold like a liquid, obtaining a more densified compact. The.

preferred plastic binder contains wax, kerosine, and a surfactant
s 14

usually duamine. The amount of plastic binder can be as great as

fifty percent (50%) by volume. However, the usual'range is from
fifteen percent (15%) to forty percent (40%) by volume. Other
binders include polyethylene and acetal resins. Water soluble

materials such as polyvinyl alcohol can also be utilized as the
binder. '
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preferred plastic binder contains wax, kerosine, and a surfactant,
duam ne. The anount of plastic binder can be as great as fifty percent
(50% by volune. However, the usual range is from fifteen percent (15% to
forty percent (40% by volunme. Qher binders include polyethylene and
acetal resins. Water soluble materials such as polyvinyl alcohol can also
be utilized as the binder. SITET H,.:; EEN TH S REPLACED 9 " The blend is
then allowed to cool in the nold before the nold is renpoved. Preferably,
the mold is a consumabl e, one-time ufe~ water sol uble nold which dissol ves
in water. In areferred enbodinent, the nold is made of polyvinyl alcohol,
which is water ~soluble. For _several reasgg H\the use of a consumabl e nold
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green paithés gabicue@dew FbckabEt .sBpeasuseeofhotcedaije imoged from
consumable molds. The consumable mold is simply dissolved without
‘placing any appreciable force on the part. With a steel mold,
however, the multiple parts of the steel mold must be pulled apart.

Pulling the mold pieces apart can put stress on the teeth or otherf
protrusions of the part.

usual I'y

After removing or dissolving the consumable mold, the cone
produced by the molding process, commonly referred to as a green
part, is thermally debinded. If the water soluble binder is used,
the green part is debinded with water. Because of the large size
of the cone and the thick cross sections of the cone, the thermal
debinding process is more involved than for previous pressure
molding processes. The green part is debinded from eight (8) to
twenty-four (24) hours. Preferably, the green part is slowly
heated to a fifst temperature of 100°F for one (1) hour. ‘Then it
is slowly heated to a second temperature of 300°F and held there
for eight (8) to ten (10) hours, and then it is heated,ﬁurther to
a third temperature of 400°F and held there for -another f&ur (4) to
eight (8) hours. '

" After debinding, both the inner and outer surfaces of the cone
are larger than net size. To bring the cone to full density and
net size, the green part is subjected to heat in a controlled
atmosphere furnace at a temperature typically Jjust below the
melting point of the alloy powder and sufficiently high to allow
the bonding of the individual particles. This process,

referred to
as sintering, is performed at a temperature range of 800°'C to




of .the cone and the thick cross sections of the cone, the thernal

debi ndi ng process is nore involved than for previous pressure nol ding
processes. The green part is debinded fromeight (8) to twenty-four (24)
hours. Preferably, the green part is slowy heated to a first tenperature
of 100'F for one (1) hour. Then it is slowy heated to a second
tenperature of 3001F and held there _for eight (8) to ten (10) hours, and
then it is heated.further to - a thTr’oot'enperature of . 400' F and held there
for another four (4) to eight (8) hours. After debinding, both the inner
and outer surfaces of the cone are |arger than net size. To bring the cone
to ful | 13NS f’?pﬁﬂﬂ“‘%aﬂ dihee patbei gl casdamrin EﬁesHQJ\gcte to heat in a.
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isostatic pressing step mght be necessary to achi eve 100%density for
sone alloys. After sintering, the outer surface of the cone is net size
and  shape, but parts of the inner surface of the cone have excess
material that is machined away to create the internal bearing surfaces.
Addi ti onal processes, such as heat treating and hard facing, can be
performed on the cone as required by the intended use for the cone.
Utilizing the present invention, srghlfircant machining costs are avoided,
and the configuration of the teeth is no longer Ilimted by the capability
of material renoval. operations. Sharp edges and corners are |largely
el i m nahedn andl desstibellapés woulpbsmi hlppatentbtai thddy @utqlnarat €higle renoval
processes QaatbﬁanQbhakaeﬂoME&m\m@ J qlddyiP e '3‘1%5 p a880€e

nanufa%tureqheaccordln lnvention can rze Paﬁé}Pg

confi gufati ons eré‘r’ingﬁ é’é‘&?pgﬁe teé“of pthetiFat | Biprefereootte tepes

whi ch upgderskeed ethaﬁdwfl&blngtbﬁ tsitopeeatth, theheapbendertr ebsimg, ttgidife of
the conavehtidéhermay haje igraztieddCt beReiWiddie thfh Ofad a\gpe@tfgé%f‘%f
becausg.fagif&ss of the original cone is machined away. hed
rotary cone rock drill bit ' —utilizes pressure nolding to
nore efficiently obtain thQ_dESL#ed*‘bTT’ﬂ§§T§nS and to create bit designs
whi ch were before infeasible. Wile enbodinents and applications of this

i nventi on have been - 11 shown and described, jit would be apparent to
those skilled in the art that nmany nore nndifﬂcations are possi ble w thout
departing ‘fromthe inventive concepts herein. It is, therefore, to be
understood that within the scope of the appended clains, this invention
may be practiced otherw se than as specifically




described. 12 - WHAT I8 CLAIMED IS: 1. A nethod of manufacturing a toothed-
rotary rock bit cone conprising: pressure nolding a blend of an all oy
povvder and a binder —into a nold to forma toothed rotary cone shaped green
part’ having a pl urality: of teeth; and heati ng the green part. 2. The

nmet hod of claim1 further conprising: preparing an alloy powder; blending
the all oy powder with a ‘binder; and pelletizing the blend. 3. The nethod
of claim1 wherein the nold is consumgpl e, and further conprising renoving
the green part fromthe nold. 4. The nethod of claim3 wherein the
consunmable nold is dissolved. 5. The nethod of claim1 wherein the

pr essur BEND| XA QLAIYEDPESf or ned at | ess than approxi mately 100 psi. 6. The
method of clai m B fdthé®roC QRRGESEHE iRy 13|€'<§bt§xe\6a%ltl_ Poégeb{g)'c%nJ The
nmet hod of cl gl ng; \g/ﬂﬁoel n the pressure nmolding is or ne

appr oxi mat el y "‘dne at ros here of pressure. 8. The rret hod of claim1 further
conpri si ng debi ndﬁrﬁﬁst‘ﬁ% mojddeg pdrkendyofTae addidyodoviler| andn 8 wireteai n the -
green panto iz mdahi teletbrmvat BodEHeT .rothEk$ SbEETstheu Grekn; paPt -ndvindEPLACED

a plurality of teeth, and

heating the,green part.

|

2. The method of claim 1 further comprising:
preparing an alloy powder; - !
blending the alloy powder with a binder, and
pelletizing the blend.

3. The method of claim 1 wherein the mold is consumable, and
further comprising removing the green part from the mold.

4. The method of claim 3 wherein the consumable mold is
dissolved.
5. The method of claim 1 wherein the pressure molding is

performed at less than approximately 100 psi.

6. ‘ The method of claim 1 further comprising pulling a vacuum
in the mold.

7. The method of claim 6 wherein the pressure molding is
performed at approximately one atmosphere of pressure.

8. The method of claim 1 further comprising debinding the
dgreen part.

9. The method of claim 8 wherein the green part is debinded
with water.

1S SHEFT HA5 gE
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13 10. The nethod of claim 1 wherein the nold conprises a consunable
mold. 11. The nethod of claim8 where in the grgg?%ﬁﬁtt:t§ZZ£ﬁéEE§Lly
debi'nded. 12. The method of claim 11 wherein th ermal debinding -
conprises: slowly raising the tenperature of the green part to a first .
tenperature, and holding it at the first tenperature for a first period_of
time; slowy. raising. the tenperature of the green part to a second )
tenperature, and holding it at the sqgond tenperature for a second period
of tinme; and slowy raising the tenperature of the green part to a third
tenperature and holding it at the third tenperature for a third period of
tinme. . The d 1 aj erei i erature is
approxijtr%étel rng%{l”:g) l'P%l)tféh&iecg?:dJctaea\&rr/%erlgt Btrlépl?ls|£ aég%oxgn?’%t e‘fcilmp%&g, And the
third tenpe?é??ﬁ%?q%f ZBBPoxi mat el y 4000F. 14. The method of claim 12
wherein the first tine period is approximately 1 hour, the second tine
periodihs from BpprextABaeldt Bchoun S st OuRORE OfhMatid ¥ gtRe HOWaSt agg the
third tine Q§%$(¥{| %é%&oglgpprOX|nately 4 hours to approximtely hour s.
15. The netﬁo ot T EORr t her conprising: pressure nolding the blend’
into a toothed rotary cone shape having at |east one internal bearing
surfacaz.and nerté nhaghed beastagne 1intwietainbesel "hevahacRbihEindhe

nmet hod of cggﬁg}gsgégther conprising heat treating the green part after
‘heati ng.

slowly raising the -temperature of the green part to a
first temperature, and holding it at the first temperature for a
first period of time; ' |

slowly. raising the temperature of the green part to a
second temperature, and holding it at the second temperature for a
second period of time; and

slowly raising the temperaturé of the green part to

third temperature and holding it at the third temperature for a
third period of time.

13. , The method of claim 12 wherein the first temperature is
approximately 100°F, the second temperature is approximately
300°F, and the third temperature is approximately 400°F.

14. The method of claim 12 wherein the first time period is
approximately 1 hour, the second time period 1is from
approximately 8 hours to approximately 10 hours, and the third "

time period is from approximately 4 hours to approximately 8
hours. '

15. The method of claim 1 further comprising:
pressure molding the blend into a toothed rotary cone
shape having at 1least one internal beafing surface; and
machining at least one internal bearing surface.

16. The method of claim 1 further comprisihg heat treating

the green part after heating.

THIS SHEET HAS HEEM
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THIS SHEET W",S ~H E1'J REPLACED - 14 17. The nethod of claim1 further:

conprising bonding a hard facing nmaterial onto thef?ﬁﬁFﬁF:iS::Iﬁg:ﬁgéggd
of claim1l wherein the alloy powder is a steel powder. 19. The netho f
claim1l wherein the-binder—is—a thermal plastic bihder. 20. The met hod of
claim1 further conprising heating the blend to betmeen approxi mately 100F
and approxi mately 150F. 21. e nethod of claim? further conprising the
step of pre- sintering the aII_y pawgar - 22. A nmethod of manufacturing a

t oot hed rot'ary cone rock bit conprising the steps of: fabricating a nold
defining a toothed rotary cone shape having a plurality of teeth and at

Last ame [ nter ahe e o SUTARRS] ALAR BnAD AP ARNIET 5 Blendi ng

the alloy p ressyre nol din oy p Bhd the
bi nder |nto(B gng Efﬁﬁ?qf8P§Pat DotHEd rot ary cone shaped green part;

renoving the green part fromthe nold; thermally debinding the green part

for at leeast 12 fwelmfethal 6ﬁr¢l%l'1ﬁtlﬂrﬁhé13é”ﬁgﬁtf’léom%§p gg&ugﬁt%ya 1QQ.F to

apprOX|nate§deéQO F, sintering the alloy powder; machi ni ng t he

internal bearing Surface. 23. The method of cIa|n122 further conprising

heating the blend of the all oy powder and bi nder before pressure nol ding.
19. The method of claim 1 wherein the binder is a thermal

plastic binder.

20. The method of claim 1 further comprising heating the
blend to between approximately 100°F and approximately 150°F.

21. . The method of claim 1 further comprising the step of pre-
sintering the alloy powder.

22, A method of manufacturing a toothed rétary cone rock bit
comprising the steps of:

fabricating a mold defining a toothed rotary cone shape

hav1mg a plurallty of teeth and at least one internal bearing
surface;

preparing an alloy powder;

blending the alloy powder with a binder;

pressure molding the alloy powder and the binder into the
mold to form a toothed rotary cone shaped green part;

removing the green part from the mold;

thermally debinding the green part for at least 12 hours
at temperature range from approximately 100°F to approximately
400°F; . .

sintering the alloy powder; and

machining the internal bearing surface.
23. The method of claim 22 further comprising heating the
blend of the alloy powder and binder before pressure molding.

24. A toothed rotary cone rock drill bit comprising

REP ACED




24. A toothed rotary cone rock drill.bit conprising TH S SHEET 11""S rE~! *
REPLACED i 1 . 15 a body including a plurality of teeth and at | east one
i nternal —hearing surface, the body being forned by preparing an all oy
powder, blending the alloy powder with a binder, pressure nolding the

al | oy powder and the binder into a nold, S|nter|ng t he- bl end and machi ni ng
the bearing surface. 25. The bit of cIa|n124 wherein the body is further
formed by pre-sintering the allox_gEMQ§r. 26. The bit of claim 24 wherein
the green part conprises an outer surface and an inner surface and the
green part is formed by nolding the outer surface and the inner surface to

| ar ger tBeayn%cﬁuaﬁn sd %ﬁiid]ﬁtﬁ(h%tgrt%@ﬂhpﬁﬁé adChehbat oEQeinQé‘th?efl Surface

is net. siz n suyr f.ac 1S at arge

(s net s zeand,Lbe L hngn Suhos (5.t Lsgal L parl laroer ThAp pet
The bi posfier| Hlarngd nghshei alior dawder yltbr@h@md%n MRFeFpurhenelding he
bl end @heahlDyy PeoMitRir and Rh@dBlinder into a mold, sintering the blend

and machining the bearing surface.

25. The bit of claim 24 wherein the body is further formed by
pre-sintering the alloy powder.

26. " The bit of claim 24 wherein the green part comprises an
outer surface and an inner surface and the green part is
formed by molding the outer surface and the inner surface to
larger than net size, sintering the green part such that the
outer surface is net size and the inner surface is at least in
part larger than net size, and machining at least part of thé
inner surface to net size.

27. The bit of claim 25 wherein the body is further formed by
heating the blend of alloy powder and binder.



