METHOD TO FORM MULTI - MATERI AL COVPONENTS Conti nuation in part of
application nunber 091733,527 which was filed 12111100. FIELD OF THE

| NVENTI ON The invention relates to the general field of powder
metal | urgy and conpression nolding with particular reference to
form ng conpl ex structures. BACKGROUND OF THE | NVENTI ON The

production of netal or ceram c conponents using powder injection
nol ding (PIM processes is well known. The powder is mxed with the

bi nder to produce a m xture that can be nolded jnt esired part.
The binder nust have METHODT® EQ%WWHMTﬁB?HQSwng%&T%nj ection

into a tooling cavity and formng of the part. The nolded part is

usual |y an oversized replica of the final part. |t _is.subject

debi ndi ng wher e Coretiritinfen pag of appicaian ALTERS PBTAR ST Wiﬁg}"’f{ﬁﬁﬁe"gﬁ’m@?‘l
orientation. After the binder is renoved, the part is subjected to
sintering process that results in part densification to a desired

| evel . The Parts produced by PIMnay be conplex in geonetry.
They al so tend to be nade ofFlﬁLﬁﬂﬁgT%EW?q{ For exanple, an
orthodontic bracket-can be nmade of 316L 1 stainless steel using PIM
t echnol ogy. There is, however, a need for objects, forned by

PIM that contain nultiple parts, each whi ch. | ' ~
materi al whose pﬁbﬁé‘?\'ﬁ'\g%n Feslp “F?Qﬁﬂefa%%'g °L?°"|’49§ n%ﬁ%'gﬁygng%mpressmn
nei ghbors. The prior art practice has e [ ch such part
separately aRed¥g “f"l’?é%‘i‘”&?&%ﬁf %re???é%??"ﬁ'%ﬁgmbigﬁ%@%@o[g%r oduct usi ng
costly wel ding operations or nechanical fitting nmethods to bond these
different parts of different nmaterials together.

BACKGROUND OF THE INVENTION

The production of metal or ceramic components using powder injection molding
(PIM) processes is well known. The powder is mixed with the binder to produce a mixture
that can be molded into the desired part. The binder must have suitable flow properties to
permit injection into a taoling cavity and forming of the part. The molded part is usually an
oversized replica of the ﬂrlaal part. It is subjected to debinding where the binder is removed
without disturbing the powder orientation. After the binder is removed, the part is subjected

to sintering process that resuits in part densification to a desired level.

The parts produced by PIM may be complex in geometry. They also tend to be
made of a single material. For example, an orihadontic bracket can be made of 316L
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The basi c approach that the present invention takes to solving this
problemis schematically illustrated in FIGS. la and Ib. In FIG |Ia,
11 and 12 represent two green objects having different physical
properties and forned by PIM FIG |b shows the sanme two objects,
after sintering, joined to forma single object. In the prior art,
the interface 13 between 11 and 12 was usually a weld (i.e. a
different material fromeither 11 or 12). Alternately, a sinple press
fit between the 11 and 12 m ght have sufficed so that the final

obj ect was gainieas seealusingdib tecuplogy. An obvi ous i nprovenent over
wel di ng or simlar approaches woul d appear to have been to sinter 11
and 12 while they were in contact wwth one another. In practice, such
an approach his usually not succeeded due to a failure of the two
parts to proper [Thetedschosierema nsedfoeebients. formed py BB Ataticapia@in Mighple parts,
teaches how problens of this sort can be overcone so that different
parts made e#&chwtweridhab a diftever qnatkiriaf whasetrqpisitics ciffer fiemeose b 4s apedate
be integrated to forma single continuous body. A routine search
of the pri oneigntiors\@se priarfagronesicevhashbashdo foamn Ba sHgh Paft speFelelygnd to then
interest being found: In 'Conposite parts by powder injection.
nol di ng' , AderaFiceibedin e ficiehedpEckiFusing Gostin Weld g IPERigT °frfﬁ?“g’ﬁi“&?'§'3“"9
vol. 5, pp 19:171 to 19-178, 1996, Andrea Pest et al. discuss the
probl ems of methedata brpditerpstdifaren Rarsofdifierent BRISFBISHINY: t han one
material. They show that control of shrinkage during sintering is

i nportant but other factors (to be discussed bel ow) are not

'he. present j”g”““ﬁé P PP Y tﬁ’ﬂ“ﬁFﬁ&&@é%J%‘S?”aiﬁ’fg%ef%?&nﬁ{“%g§¢"_b§ff"
roperties anmateay i Elad Ro ki 163 PG BoLF b £ RReskiR Bfn
connecting '&%&éh%ﬁ%@%‘q@w%*eéﬁﬁaﬁ sﬁdqmeﬁ%‘fﬁﬁn FREY1tholE the same

parts. I'eved by using powder injection

ol di ng t 09l bgeold %&e’ﬂ’qﬂ‘@ﬁﬁaﬁ% fhn dindid Bbjéct! Mithy Brisid, Heaagitacaties

of the variousS pa or the Case where it is the

physi cal = properides hats dhl (Sl SWEEN.ePa difererf MaferlaP frbAkefied £ or 12).
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Alternately, a simple press fit between the 11 and 12 might have sufficed so that the final

object was not a continuous body.

An obvious improvement over welding or similar approaches would appear to have
been to sinter 11 and 12 while they were in contact with one another. In practice, such an
approach has usually not succeeded due to a failure of the two parts to properly bond
during sintérjng. ;fhe present inventian teaches how problems of this sort can be

overcome so that different parts made of materials having different physical properties can



that only certain selected physical properties are allowed to differ
between the parts while others may be altered through relatively
smal | changes in the conposition of the feedstocks used. .
Anot her obj ect has been to provide a process for formng, in a single
i ntegrated operation, an object that is contained within an encl osure
while not being attached to said enclosure. Thi s obj ect has
been achi eved by neans of powder injection nolding wherein the
shrinkage rate of the object is caused to be substantially greater
than that of H%,%Q@{oqghwgsin@&ac@nﬁmuébodyafter sintering, the object
is found to Phav etached itself fromthe enclosure, being free to
nove around therein. BRI EF DESCRI PTI ON OF THE DRAW NGS FIG. la
and Ib illustrate two contiguous parts, nade of different materials,
before and aftery gjfh&5tdtth of BERRABE iry Wy perfdnied with tam tbll@bing hteferenas
in the process of the present invention. 4 FIG 3 is an isonetric
view of the'rﬁé)rieﬁc%eiﬁge%n&nin@mﬁ@oﬁ@qsér@rbyi;jmwlabﬁn;ezbon molding®| Ajvancessina
pl an vi ew of an object that has three parts, one non-nmagnetic one a
hard magnet ,,ga4 rﬁé}&u.ﬁ%smd pdVRURRS malehisls, \ol. 5sp@ 184105 o 0118, 0A%G, dwdiea
t hrough the center of FIG 4.

Pest et al. discuss the problems of sintering together parts that comprise more than one

material. They show that control of shrinkage during sintering is important but other

factors (to be discussed below) are not mentioned.

SUMMARY OF THE INVENTION

it has been an object of the present invention to provide a process for the formation
of a continuous body having multiple parts, each with different physical properties and/or
different functionat properties, there being no connecting material (such as solder or glue)

between any of the parts.

This object have been achieved by using powder injection molding together with
careful conir_ol of the relative shrinkage'rates of the various parts. Additionally, for the

case where it is the physicai properties that differ between parts, care is taken to ensure



FIGs. 6 to 8 illustrate steps in the process of the second enbodi nent
wherein an object is forned inside an enclosure. FIG 9 shows a
cutting tool formed through application of the present invention.
FIG 10 shows a wire die formed through application of the present

i nvention. DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Thi s

i nvention describes a novel nethod of manufacturing nmulti-material
conponent using powder injection nolding processes. Injection nolding
of different-material articlei is an economcally' attractive nethod
for manuf actharamyceeftainissleatdd ahysical pxepedies e @ieved t9) difes bglueeq tre pastsiwhde
hi gh production capacity and net shape capability As is well
known to t hothersskiay Ibedaitered Keroaght ,relatgelym@ﬁllcd}ﬁnae%ﬂw@ FOrPPISHicR; fighe
sintered articles is to first provide the required material in
powder ed f ofeerst®thssispdwder is then mixed with lubricants and binders
to forma feedstock. Essentially any organic material which wll
deconpose under el evated tenperatures w thout |eaving an undesired

residue that will be detrinental to the properties of th g
articles, can beAnesiwd objackhas paen terRiHIde 8| ROGESs 1aF 49 HREs IHP égﬂﬁed"‘egfa‘e

pol ynmers such as stearic acids, mcropul var wax, paraff

pol yet hyl enepergiasaen ebigeiitept isegopiawe s within 'P’h?ﬂ“f"é‘é[ﬁtwr&)ﬁﬂ’\ebeg?q a\ﬁ%ﬁgecgtp FRF
materials may'be used as binders, The anount and nature of the

bi nder/ | ubr eeelP¥re¢-hat is added to the powder will deternine the

viscosity of the feedstock and the anount of shrinkage that wl|l
occur during sintering. Once the feedstock has been prepared,

't is iniected it
then_e] ebted | r it FEeeR Bt Pok el BUStoy e B AP fhicclbd Rid @AlRon L
retain its SE?@S@%%«% &%4]% fs%s\é@io't% sh&ﬁarﬂb@dﬁéatéﬁhizﬁﬁﬁ\b?ﬂ'aetéhciosure

heating or £ use o ol vent he resul'ting 'skeleton' is then

placed in a '#&%‘ O é‘Hg‘?ﬂ@@ %5‘:?&::1 {MBlirkab hdve dRadrRd itsdt Porh GiERREREME S

bet ween abou bet ween about 30 and 180 ni nutes

in hydrogen ar. \fpe%qgmovearoundﬁ%rgﬂ,ready noted, attenpts to form
si ngl e obj ects Scont ai ni ng: parts made of di ffer ent materials have

usually been limted to "formng the parts separately and joining
them together later. This has been because green parts nade of
different materials could not

BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1a and 1b illustrate two contiguous parts, made of different materials, before

and after sintering, respectively,

FIGe._Za and 2b show steps in the procesé of the present invention,



6 be relied upon to always bond properly during the sintering
process. The present invention teaches that failure to bond
during sintering cones about because (i) the shrinkage of the parts
differs one fromthe other by nore than a critical amount and (ii)

certain physical properties differ between the parts. By the
sanme token, certain other physical properties may be quite different
between the parts with little or no effect on bondi ng. Physi cal

properties that need to be the same or simlar if good bonding is to
occur include (hyd hBSmdtidiiewef the pbjeciakén i apves-settiaria i 0.
expansion and nelting point, while properties that may differ w thout
af fecting bonding include (but are not limted to) electrical
conductivity, magnetic coercivity, dielectric constant, thernal,
conductivity, Yqypos$s Spal sy o shisesthat basdhreefriage angi noj:magnetic, oRe a
cases that are well suited to the practice of the present invention

it wll not hg,%,ﬂ@%.qg%a&mnéersmhegmmposi tion of two powders to vary
one from another by very much. Typically, the two m xtures would
differ in chem cal .conposition by | ess than about 25 percent of all
ingredients. Additionally, it is inportant that therowders that were
used to form t hepibesdsk eriss-sdction taken through the center of FIG. 4.

FIGs. 6 to 8 illustrate steps in the process of the second embodiment wherein an

object is formed inside an enclosure.

FIG. © shows a cutting tool formed through application of the present invention.

FIG. 10 shows a wire die farmed through application of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

This invention describes a novel method of manufacturing multi-material
component§ using powder injection molding processes. Injection molding of differ-
ent-material articles is an economically attractive method for manufacturing finished

articies of commercial vaiues due to its high production capacity and net shape capability.



of the two parts share simlar characteristics such as particle
shape, texture, and size distribution. The tap densities of the two
powders should not differ by nore than about 30 % while the nean
particle size for both powders should be in the range of about 1 to
40 m crons. As an exanple, if one part needs to be soft

material (say |low carbon iron), and another part is to be a hard

mat eri al such as high carbon iron, then alloying the | ow carbon iron
with specific amobunt of carbon will enhance hardenability and neet
the requirement pfis Rbiokhowatdiabse skiled inthe astothe dasig propeduie 5 TRIBHY sifftered
still simlar and have simlar shrinkage rates. This will give rise
to good bongings ReloWRabréviée fHeveduirte mastrial intpowderedJormy This pewdaits then
properties. Simlarly, if one material is |ow carbon iron and,
another is shabRifssorieh@ebnd bingers i miafepdstock. nEssentially ary\pragania maerial
stainless steel wth an appropriate' anount of iron powler to formthe
required st ghichWifdcebRpiseCABRGRVAEO Erearaties wihauhsawog B8 MNCYRRE efsidue
characteristics closer to each other."For exanple, if two materials
are 316L St aidihAs be Seepientnth trevprameriesof thometaTadinies anRfH¥sec Rreferef o
bl end one third of master alloy of 316L with two-third of |ow carbgn
iron to for madesgevatiodlebamoppsers seH as stearic agesMCIPRMVADYEY ﬁ@’aglf‘
a two-materiar article can be achieved in one tooling of one or
several caviwax@ad polyehyiénegiSteaiaatieservas @n pibrieant whike alhthe other Mefsrigls may
The nolded article is 8 transferred to another tooljn% bq.ana%%gr o
si ngl e bar r el usadas bindefs. Tnoamownt @aE BRER ofthe PiggsH{icatdRsl iag P iee
t hough a manual pick-and-pl ace operation or b sing a,r i :
The nol di ng Rewderwil detaming e ViBRS LA e BedtRCK GH g‘eﬁ}iﬁgci‘i‘-"b%rs?‘g{"ﬁa%e%% w
injection machine to nold a conplete article with two materials
within a si mgeer duepe FRENNAu enbodi ment W will illustrate this
enbodi ment through reference to FIGs. 2a and 2b, but it should be
understood that the process that we disclose is independent of the

shape, form size, etc.  of biensd abhtHeSardd)dis irfect®d MRFa suitable mold. The
resulting 'green’ object is then ejected from the mold. it has sufficient mechanical strength
to retain its shape during handling while the binder is rernoved by heating or through use
of a solvent. The resulting ‘skeleton’ is then placed in a siﬁtering furnace and, typically,
heated at a temperature Between about 1,200 and 1,350 °C for between about 30 and 180

minutes in hydrogen or vacuum.

As already noted, attempts to form single objects containing parts made of different
materials héve usx-ially been limited to forming the parts separately and joining them

together later. This has been because green parts made of different materials could not



The first step is the preparation of a first feedstock. This is
acconpl i shed by adding | ubricants and binders (as discussed earlier)
to a mxture of powlers. The |atter consist, by weight, of about 0.05
percent carbon, about 15 percent chrom um about 0.5 percent
manganese, about 0.5 petcent silicon, about 0.3 percent niobium
about 4 percent nickel, and about 80 percent iron. Using a suitable
nold, this first feedstock is conpression nolded to formfirstsreen
part 21, as shown in FIG 2a. This happens to have a cylindrical
shape wit h R2eliepimmantiways bbrs propériyutiemitng Sintefing ProcgSsecond
feedstock is formed by adding |ubricants and binders to a mxture 9
of powders consisting, by weight, of about 0.05 percent carbon, about
15 percent chrom um about 0.5 percent nanganese,  about 0.5 r
silicon, about Gnha ppesencinveniioolieaghes tipfaiura 10 PRAGAENS FEKEP ,‘:Bg'ﬁ%g‘%‘
about 70 percent iron. It is inportant that the |ubricants g@ﬁacﬂMml
bi nder s ar epgyzase () thershdnage nf thatraps differsanediveL e oNFL oY e

sintering, the difference in the anbunts the two feedstocks shrink is
| ess than abulinth8 (i0fcetain ahysitet proreryes ARYRMETRLEP BY i t her one.

W note here that although the two feedstocks have the sane
conposition except that 10% of iron has been replaced by an
additional 10% of nickel. This relatively small| change in._. j
conposi ti on | eav@sthe samkeken h@lﬁf‘ccﬁ’l’efﬁ?ﬁf?é'rﬂr?@eég@w? g’k”ééc]d'\&m&?ﬂe feiveen
successful sintering unchanged but introduces a significant change in
t he nmagnet i ¢heppanyserithi liste or no effectgBONdiNg.r st green pan 21 is
transferred to a second nold into which is then injected a sufficient
gquantity of the second feedstock to conplete the structure shown in

FIG 2b through the placenent of 2 r i nQ:.2L. DRy it ko
final ' conpound P@%W‘B?ﬁ“@éﬁhagQgecgtgzbﬁ%%ﬁeédé}%gﬁfm I‘fl?g?cijcant o bi ndcngrs
are renoved, iri ways-di scussed i ' ibrilafd MeNElE point, while
skel et on whileRHUES P ﬂ’@rf‘c’ggm@?qﬁ@s?oeglcliseg{?fﬁgﬁﬁlélt&gggsolrreg a con???lluous

body having bot h. t i, GGk B%Ea S dingRadiide (pBerAsS Bmitdd tbheectrical
conposi ti onsprwq%%%?égﬁ{@“%o erglaf romg\?mi ch the two 10
conductivity, magnetic coercivity, dielectric constant, thermal conductivity, Young's

modulus, hardness, and reftectivity.

in cases that are well suited to the practice of the present invention it will not be
necessary for the composition of two powders to vary one from another by very much.

Typically, the two mixtures would differ in chemical composition by less than about 25

percent of dll ingredients.

Additiénally, it is important that the powders that were used to form the feedstocks



feedst ocks were forned, part 21 of FIG 2b that derived fromthe
first feedstock is magnetic while part 23 that derived fromthe
second feedstock is not. In this particular exanple the magnetic part
has a maxi mum perneability (p max) between about 800 and 1, 500.

In FIG 3 we show an isonetric view of the object seen in FIG 2b
with the addition of rod 33 which is free to nove back and forth
through hole 22. If rod 33 is magnetic, its position relative to hole
22 could be controlled by nmeans of an applied magnetic field .
gener at ed by yiiwerdaes nabrecsimilar charactstisinn puchSisrragligh, sRaps, (gxiirgang size
magnetic material, it will act as a core for concentrating thiﬁg {30
appl i ed fi elighpuRerd TH8 tapdensitidgsf fnetwepowsiemangyid npt Giferiby Mage thenFeoy
formed in situ as part of an integrated manufacturing rocfesbsmﬂ%idag
t he met hod ¢ hie treesadn daetitld sitector batd pewdeie Stesisditdn S 3EPHERPC As
already inplied, the formation of a continuous body having nmultiple
parts, eachpadchlh different properties, need not be limted to two
such parts. In FIG 4 we show a plan view of an object having three
parts, each with di.fferent properties. Al parts are concentric
rings. At the center of the structure is opening 44 that i@o . d
surrounded by i peein gxangled8.onRipag needs to bedett MakTERl (S8Y Iqy cprben iron), an
surrounded by.-ring 41 that is a soft nmagnet. Its inner por%li on E:ﬁ?n
the same t hieie part 8o bé migard Biatepalsychas ghea™RE ¥or eg AIRY S BRI R T Hat

is thicker than ring 43, cauing it to have an inside si
whi ch can biorswitrspecifit Amownt obearrcyil Smﬂﬂ%h@aﬁ%ﬁ@%ﬂﬂsﬁ%\ﬁ%{eq et d

wi th, and touching, this sidewall is inter iate r wWhi R
har d magnet of High qaftios irgaie &xgoing. e g7 S opd el Shidkdad

material having 11 a' |l ow coercjvi 1.t | NRGLENd $hi thf@bbnt
whi | e the t &tep Raip wilgg st tq@pgbgncﬁré% ghqg(fj havi nég\gg%ﬂ?dgﬁg
coercivity. . The structure seen in FIGs. 4 and 5 is made by
fitting har @'4P&6¥&t 42 (made separately) into the integral part after
441 and 43 have been forned. The reason for adding a ring of
magnetically hard nmaterial to a structure that is simlar to that

seen in FIG 3 iéﬁééﬂgﬁ@r%ﬁgl{eﬁnﬁé%ﬂ%iﬂﬁlrém%ihebis&ﬁa]h&ss steel, then

appl i ed external nri enbodi nment In this

embod et Y OF Sl 058 o OF 73 il flss LGB Wian doBrcBrisongichnd rog ol

oper ati on, i's enclosed by another with the inner

obj ect not t{?#@-ﬂ br}aegr%gxﬁ%ggtaﬁwﬁs% BBeIRdkBbsifpl R bring e foRerall pewbermchracteris-

enbodi nment , SS IS ustrated through an exanple but it wll

be under st oqd, Lhal 1h badroARPEdrcabihgie iowanatsrarnard 306 Stinieassiiel anhipw
shaped encl osure. . |
carbon iron. Then the approach is to blend one third of master alloy of 316L with two-third

of low carbon iron to form the actual 316L composition.

Note that mol'ding of a two-material anticle can be achieved in one tooling of one or

several cavities in a single barrel machine of cne materia! first. The molded article is



In FIG 6 we show, in schematic representation, an object that has
been fornmed through PIM As part of the process for its formation,
the quantity and quality of the binders/lubricants were chosen so
that, after sintering, the green formof 61 would shrink by a
relatively | arge anount (typically between about 20 and 50% . 12
Referring nowto FIG 7 we show enclosure 71 that has been fornmed by
fully surrounding 61 with material froma second feedstock for which
bi nders/ | ubricants were chosen so that, after sintering, th £l
form of 71 mensiedeciranntkertigoling incinathersingle sareal Mmaghins At af(&%i“@%’%{/" m
bet ween about 10 and 20% . Regardl ess of the absolute shrinkages
associ at ed tmé tesipdrarticiesthoagia Fanugl pick-angrPieas PR H Y H31H rloﬂ%ttc arm.
process that the difference between the two shrinkage rates.he a

| east 10 %The moiding precess kan alemlr eamiest ous PR aﬁ\wﬁﬂa&fawg%d“%ﬁ%ﬁ&g? g‘tc*draom
the object seen in FIG 7, the resulting powder skeleton is sintered
(bet ween abwriplete aniolearith @me@sf‘ﬂ?“rb%’f‘ﬂ&‘éf?%{%ut 30 and 180 mi nutes
in vacuum or in hydrogen for ferrous alloy steels. Because of the

| arger shrinkage rate of 61 relative to 71, the structure after
sintering has the appearance shown in FIG 8 where part 81
(originally 61) is seen to have becone detached from 71 enabling it
to nove freely inside interior space 82. exanpl e of a structure of
this type is an electrostatic m)tlwfﬂ}mﬁmﬁ shed at this stage) in
which 71 will ultimately serve as the Stator and 81 as the rotor. In
the prior art, such structures had to be nade using a sacrificial

I ff he d I IG5
1" Ehe for egor ngVeNeL Tedin e sRepdmadin bl Gt e e P s
o Cai o S DRk Rk HE Brockithnd e WREGeB dBpbttin Bafk chabbatren!

physi cal € sane ciples that are taught there may

al so be appg%gd?tg%fﬁ{eréﬁg&ugeeﬁangyg“ag&tvvo or nore parts that differ in
their functional properties. By functional properties we nean

properties that are application related. Although functional
properties derive from physical and chem cal properties,. they are

often a subtle i Li&fiorAiRd fifst¥edtlick Chise attoamplisheddmsaridinge
them wi | | depen?@git%{eepg%gﬂ:%gti (])on for which they are intended.

Thus, a gi V%ﬁ@érﬁ?%:?cj tidterd (@8 HiSkiis¥éd dariBy iDemBaURé biisdvedbrs. a'hb éatieowonsatn

the application is tor a resistor and high when the application is
for a CondU%WeigHitm%b@rm.aés P& Lirb&s aBbie 16 percehiosheorhiamdatout 8. Sepefcenie

but a definition nust be provided for themto be neaningful. _
manganese, about 0.5 petcent silicon, about 0.3 percent niobium, about 4 percent nickel,
and about 80 percent iron. Using a suitable mold, this first feedstock is compression
molded to form first green part 21, as shown in FIG. 2a. This happens to have a cylindrical

shape with 22 representing the hollow center.

Then, a second feedstock is formed by adding lubricants and binders to a mixture



W |ist below, as exanples, a series of functional properties that
are pertinent to the present invention, together with their
definitions. It will be realized that this list is not conplete and
ot her functional properties could also be given to parts of a
continuous structure w thout departing fromthe spirit of the

I nvention. In nost cases these definitions are precise but,
occasionally, they must, of necessity, be of a descriptive rather
than a quantitative nature: nagnetic -ferronmagnetic corrosion

Eval uat | ng of POWGEE SEPSHPIpEAETCS SrORSTGRT ORI o ot R LT PR,
Exapl 5. ofcnmimism dsi R aer ¢l BTenegt aod o § BEEAN 3B Pl GS peccent
(500) . N CReATErAISH irPesam Attoh e abiut (g B85 Rinpdi rbee
N moni o BOAREBRE AU Piters BRAESH P TRRine Ik AT E RS hlo s

relative density, with a densjty, - 0 t: f Bt anbal
bei ng. consi ABrEKS S AP Gn b dedysE Mgy BRetni el TRl

shrinkage experienced by either one.

We note here that although the two feedstocks have the sarne campaosition except
that 10% of iron has beer replaced by an additiona! 10% of nickel. This relatively small
change in chémical composition leaves the Key physical properties associated with

successful sintering unchanged but introduces a significant change in the magnetic

properties.

Next, first green part 21 is transferred to a second mold into which is then injected
a sufficient quantity of the second feedstock to complete the structure shown in FIG. 2b

through the placement of 23 around ring 21.

Once the final ‘compound’ green object has been formed, al! lubricants/binders are
removed, ifi ways-discussed earlier, resulting in a powder skeleton which can then be
sintered so-that it becomes a continuous body héving both magnetic and non-magnetic

parts. Because of the compositions of the originals po\)vders from which the two

10



considered Low - high thermal conductivity - greater than

Wm K high density - greater than about 9Yooogkg/n8 hi gh S?Pgﬁ;tﬁo?
tensile greater than about 900 Mua, yield greater than about 700 MPa
| ow t hermal expansion |less than about 12 x 10-6 |IC weaf resistant -
having a hardness value | ess than about 50 HRC high el astic nodulus -
greater than 200 GPa hi gh danping capacity - |oss of 25% or nore of
stored energy per cycle good machinability - using AISI 1212 as
a guide, steel is rated 100% with a value jn exc

. s 0 i

consi der ed fedadsiwghé forrest Ptie! 161G, 2 A1t dervabiiam I8 Tt JEeO8 inetc

106 cycles of alternating gt %nﬁj& i [Gﬁgféﬁﬁ ETedst
while part 23 that derived from the second feadstock is not. In this particular exampie the

magnetic part has a maximum permeability (1 max) between about 800 and 1,500.

In FIG. 2 we show an isometric view of the object seen in FIG. 2b with the addition
of rod 33 which is free to move back and forth through hole 22. If rod 33 is magnetic, its
poéition relative to hole 22 could be controlled by means of an applied magnetic fieid
generated by an external coil {not shown). Since parn 71 is of a magnetic material, it will
act as a core for concentrating this applied field. Rod 33 could be formed separately or
it could be forméd in situ as part of an integrated manufacturing process, using the method

10 be described later under the second embodiment.

As already implied, the formation of a continuous body having multipie parts, each
with different properties, need not be limited to two such parts. In FIG. 4 we show a plan
view of an object having three parts, each with different properties. All parts are concentric
rings. At the center of the structure is opening 44 that is surrounded by inner ring 43.
Ring 43 is non-magnetic. [t is suraunded by ring 41 that is a soft magnet. Its inner portion
has the same thickness as ring 43. Ring 41 also has an outer portion that is thicker than
ring 43, causing it to have an inside sidewall 52 which can be seen in the cross-sectional
view shown in FIG:'S. Aligned with, and touchirig. this sidewall is intermediate ring 42

which is a hard magnet. In this context, the term soft magnet refers to a material having
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standard and zero | oads higtf hardness - greater than 50 HRC

hi gh toughness - Based on Charpy or !zed testing, toughness is
defined as the energy per unit volune that can be absorhed by a
material up to the point of fracture. High 15 toughness inplies a
val ue greater than about | K 105 kivutes/ns high nelting point -
greater than about 1600C (iron nelts at 1537 C). oxidation resistant
- as for corrosion resistant above, but limted to oxygen as the
corrosi ve agent easy joinability - based on exReri ence b#t .

i ncl udes ngtgicRkb&ivRy Mhatgrompgretic satifation whightheggimyhard magnet reigF (G s
fromour earlier discussion of processes for form ng continuous

bodi es havidaeermuhdvind £nigacdacivisach of which has a different set of
physi cal properties, that these sane processes naybe adapted to
form ng continuous bodies having nmultiple pans, each of which has a

different set of functional properties. Wile in the ner al
these bodi es Wi The sweugure seemir ElGshémng §o's MadettyIRiNg %%ﬁtnggn%ffglﬁage

note here of a special case in which only two functio aII¥ q-if]:){&( t
parts are isayarbtesyintosioe iﬂt@v&bmaﬁeéﬂbﬁﬂd@@ﬁﬁ%ﬁ@%@?nﬁ‘eﬂ t9cql ar

difficult and/or expensive to conbine in a single contin S. ;
when process@ sifmaghetiqally bardanaterighte qpéry@u%haltlgglmiafﬂ»ﬁfﬁhlﬁt §§%’UP gﬁ &/3is

to t;e able to provide a permanent bias for the applied external magnetic field.
2nd embodiment

In this embodiment we disclose a process for forming, in a single integrated
operation, ane abject that is enclosed by another with the inner object not being attached
to the outer object. As for the first embodiment, the process is filustrated through an

example but it will be understoad that it is applicable to any shaped object inside any

shaped enclosure.

in FiG. 6 we show, in schematic representation, an object that has been formed
through PIM. As part of the process for its formation, the gquantity and quality of the
pindersfiubricants were chosen so that, after sintering, the green form of 61 would shrink

by a relatively large amount (typically between about 20 and 50%).

12



The followi ng lists some exanples of functional pairs of this type,
it being understood that other functional pairs could be added to
this list without departing fromthe spirit of the-invention:
magneti c-corrosion resistant, controlled porosity-high thermnal
conductivity, high density-high strength, high therm
conductivity-1low thermal expansion, wear resistant-high 16

t oughness, controlled porosity-high strength, high elastic
nodul us- hi gh danpi ng capacity, high strength-goad chi nabi |

control | ed por aeafeiingirgM p FIB 7 grre St PRAUGEHES %hg@tlggf’ 8%’62‘1"51?88?‘1’%5?"&
hi gh har dness- hi gh toughness, wear resistant-oxidation_ resist

easy j 0i nakiulrbdnirs T with materigidiost aRCoBMECABGH fﬂ’t‘ié'?'?fép‘"dewﬁm%cgf% were
stress-control |l ed porosity. To further_illustrate. t : i
appl i cat i orghefert Sethr, eftensiniering Ane @igeR M o6 7 IR O BY %13 elivel $ s

having two parts that would ordinarily be difficult L RBridkdaés
singl e contanmimtymcalydetwesn St 163" 20, %89‘?%85 ‘&faﬂF1 Fgﬁ(@aﬁb@ Fireas
enbodi nents of. the present invention. 3rd enmbedi.pnen Brie
enbodi ment  awouitethitsRarts 65808 b &t B AREKERHERALOTRT Blogess et the ghore ng
tool. As in the first and second enbodi ngws the process of the
third enbodbeneesn the gvmshrinkege ieles bBEOERYE 10> of two mi xtures of

powdered naterials. One the these mxtures will, after sintering, be
wel |l suited for use as a handle while the other, also after

T e el o o0 SR I Bolef e e fase
L T ommmtnipaowinieparh e PaLE bl 3 i Gl et
\erals Handta)gcca)uli 30 }':I/rcl)cli ;J B%Emi%bte%?g vhacsgrk to} 8%&%881 for ferrous alloy steels. Because of
the larger shrinkage rate of 61 relative to 71, the structure after sintering has the
appearance shown in FIG. 8 where part 81 (originally 81) is seen to have become
detached from 71 enabling it to move freely inside interior space 82. An example of a
structure of this type is an electrostatic motor {unfinished at this stage) in which 71 will

ultimately serve as the statar and B1 as the rotor. In the prior an, such structures had 10

be made using a sacrificial layer 0 efiect the detachment of 81 from 71.

FUNCTIONAL PROPERTIES

In thé foregoing discussion we were concerned with combining, in a single
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17 Possi ble materials for the mxture that will becone the
cutting edge are all tool steels, including water-hardening steels
(Type W, shock-resisting steels (Type S), cold-work steels (Type O,
A, D and H), hot-work steels (Type H), Hi gh speed steels (Type T and
NI), nold steels (Type P) and tungsten carbide. Details on the
classification of tool steels may.be found in in the AISI (Anmerican
Iron and Steel Institute) handbook. Lubricants and binders are
added to each mixture to form feedstocks, a key requirenment being
that the anmount that said feedstocks will shrink after sinter i.t.p‘gsame
differs onecdntinuous suatirbawoloy moessparts ik hathetiereniopny §if Proreptes.
appropriate feedstock is conpression nolded to form a r?en'gllparlle arts
having the pivajptesatiat aretaught teleshanaso 8 ARRHEE IOSHILFYresNaYBIgi o B DT &
which is then transferred to a second nold into which is igjxegéh%gu%t
suf ficient euaaifitiy their igdctoret preperfiase Byfenckonab Propeities WG MR &S o
to the green part in the shape of a cutting edge hown s i y
as 91 in FI Gre Mplication relatedt dtthqushdngionsl pram“‘ﬁ%”?’éi[ﬂ?”&“&ﬂ%‘%ﬁﬁg}ée?@&
(thereby form ng a powder skeleton), the l%tg%f_eéﬂfgﬁe%@E&%?‘g‘?’dﬂﬁ;ﬂﬁ%wm

di scussed eprdpedies. . theyiseeeien a ywbtie piepd fighe enbodl

In this enbodi nent we disclose a process and structurg, fo l
wire die. Ashémwildepandenitiraprisabion faruticd heyae Fge&ggél's?% S'% ﬁg’gp g’l??t?ﬁﬁ

enbodi ment begins with the provision -of t m Xt ur e 84 niah
Tt or | Al 5. Caastiis mevcsecnsIReieh 48 bag wher 11 APRIERIETE (8 @ RME R ig
suited for use as a handle and is selected.fromth hStabNg
of iron, andvhenlthé applicaurncd fena Eﬂ@”?‘%c'%f‘rﬁ@r@gf”ﬁgﬁ'%ggé%@?&%élh%

| ow-al | oyed steel s and stainless steels , er will be well
suited to setefine higt adefiniion BETRE %'E‘f'%@tf@%‘h?%‘?ﬁ?rﬂ o fglfo consi sting of
all tool steels, including water-hardening steels (Type W,
shock-resisting steels (Type S), cold-work steels (Type 0, A D and

. hot - wor k s (T H ids inrht b
g?eel gt (\'II\'K;:oe E; ?%ﬁ%éﬁﬁﬁﬁ%ﬁ@@% gg&%‘! amaﬁgga;g@b%f o ?,r%eﬂ t

I Ubricants apd binde e 4P 88 RitBh t MiBiIDet reailzati td eisiist sk
whi ch, after{%gipmsgrﬁlijﬁé?t%’\ﬂ foggl‘gxﬁﬁvn bly artiounts that differ one from

one anot her by, L &8sk 3Rkbnat Hroperties could also be given to parts of a continuous

structure without departing from the spirit of the invention. In most cases these definitions

whil e tgg

are precise but, occasionally, they must, of necessity, be of a descriptive rather than a

guantitative nature:

magnetic - ferromagnetic

corrésion resistant — As defined in the ASTMG157-98 Standard Guide for
Evaluating‘the Co-i'rosion Properties of Wroughi iron and Nickel-Based Corrosion

Resistant Alloys for the Chemical Process industries, Examples of materials that have
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Additionally, a third feedstock is provided that has the key property
that, after sintering, it will sbrink an anount that exceeds the
anount that the first two feedstocks shrink by-at least 10 % In this
case the feedstock can be made from just binders, including waxes
such as paraffin wax and thernoplastics such as pol yet hyl ene. 19
The appropriate feedstock is then conpression nolded to forma green
part having the shape of a handle (see 92 in FIG 10), follow ng

SUf 1'cl ent  ganbysier resisron e daageoBRISOR S YoEHNSFETRd 69
) s ottt 405 ghevat Bk Nesot RO PR 81 B A WgBh o
O o oo ol SN s Uankl L Sl Dol Bts L§RfRLASKOAO
becomss & pouer catrols RHoNiNI-CHEGERMIEES G P8 AIBNG TEEbE S Ssffy'oo-

continuous material. After sintering, the residue of p irgl
were origi naloofe pithe pore-fagamateria heing SeRsaSEae TUaN 38%8?%%32"?15%%%%”9

mechani cal and/or chem cal neans, resulting in formation of the die
cavi ty (showensiggreddPtcally as 94 in FIG 10). Wil e the

i nvention has-been particularly shown a A ¢th reference to
the preferred errb@ﬂiﬂi‘ﬁéﬁﬁ‘sc"ﬁﬂ‘é‘?“}é/ Tgﬁe?teﬁﬁ%ggiﬁagggg?%od by those
skilled in the art that various cha ' gm and details may be
made Wi t hout dep@@i%@S'Wrﬁﬂﬁeﬁﬁé"@BFwﬁ‘gmké@ope of the invention.

20 LA high strength — tensile greater than about 800 Mpa, yield greater than about 700

MPa.

low thermal expansion — less than about 12 x 108 K?

wear resistant — having a hardness value less than about 50 HRC

high elastic modulus — greater than 200 GPa

high damping capacity — loss of 25% or more of stored energy per cycle

good machinability — using AlS1 1212 as a guide, steel is rated 100% with a value
in excess of 50% being considered good

highly fatigue resistant — able to withstand at least 10® cycles of alternating

standard and zero loads
higif hardness — greater than 50 HRC

high toughﬁ'ess -~ Based on Charpy or [zod testing, toughness is defined as the

energy per Lﬂ':it volume that can be absorbed by a material up to the point of fracture. High
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1. A process for manufacturing a conpound sintered article, conprising
the sequential steps of: (a) providing a group of m xtures of
powdered materials, each nenber of said group having, after
sintering, a functional property that is different from any
functional property possessed, after sintering, by any other nenber
of the group; (b) adding |ubricants and binders to all nenbers of
said m xtures group, thereby formng a group of feedstocks, all of
whose nenbers shrink, after sintering, by amounts that differ from
one anot her iJayhnees mpiieaa vahereatedtharcaboiiin | 8 iGrokjawled/onpr essi on ol di ng
a feedstock fromsaid feedstock group, to forom a green ?2%{ i id)
transferring sairgronelgng pant— greatar tiah Reaus ABOATH (HOR RGNS & 3 nfécting
into said different nold a quantity of a different feedstock, take
from sai d feedstopistigrresistant-eds joepasosion desistan Edpye) balfipited fo OXFRMN = {P'Fre
using a different nold and a different feedstock, until all nenbers
of sai d feedstatve ageoup have been nol ded, thereby formng a final

conpound green. part; (f) renoving all lubricants and binders fr e
final conpound grazejvinabitity -t EseDPRPRFRIGRIHA '@W@F%‘E‘B‘ﬁf‘aliﬁﬁg@%meﬂmi'}elp'
sintering the powder skeleton to formsaid conpound sintered article.
2. The procesmddelsicri bed in claim1l wherein said first and second
functional properties are selected fromthe group consisting of
magnetic, corrosion resistant, controlled porosity,

It follows from our earlier discussion of processes for forming continuous bodies
having multiple parts, each of which has a different set of physical properties, that these
same processés may be adapted to forming continuous bodies having multiple parts, each
of which has a different set of functional properties. While in the general case these
bodies will comprise more than two functional parts, we take note here of a special case
in which only two functionally different parts are involved, said two different functions
being particularly difficult and/or expensive to combine in a single continuous body when

pracesses of the prior arf are used for their manufacture.

The following lisgis some examples of functional pairs of this type, it being

understood that other functional pairs could be added to this list without departing from the

spirit of the invention:

mag'netic-cbrrosion resistant, controlled #orosity—hlgh thermal conductivity, high

density-high-strength, high thermal conductivity-low thermal expansion, wear resistant-high

1%



hi gh thermal conductivity, high density, high strength, |ow therm
expansi on, wear resistant, high elastic nodulus, high danping
capacity, good machinability, fatigue resistance, high hardness, high
t oughness, high nelting point, oxidation resistant, easy joinability,
and low internal stress. 3.A process for manufacturing a conpound
sintered article, conprising: providing a first m xture of powdered
materials, said mxture having, after sintering, a first functional
property; providing a second m xture of powdered naterials, said

m xture having, after sintering, a secaond functi | HR-ORS NG \ng
| ubri cants ﬂBﬁﬁnG@?@“‘%‘U"’%‘ﬁﬁ'pﬁ‘ F@g@ﬂyﬂ%gsgﬁgﬁo%ﬁ@ts tﬂ‘?gg's tc?ﬁ l'*éo‘:rarang&'w‘
first and second feedstocks.s t hat  t.h ] idadieastaeks
wi || shri nkhigh F@”@W%T?\%"@Bﬁg&@%%@ &F%ﬁ?# ﬁgiyté%@g?ﬁ%;&? ess ? han
about 1% wusing a first nol C | LOGakiRgidhlisrsfeslsept sOCK
to forma fF‘Prb‘%agrr‘%'&nh'ﬁaPﬁfad”{ef’saﬁgﬁ)gggﬁﬁr?ggs@drq%s?érigt gr een part to a
second nol d and_ .t hen i.njecting Sal Ry dos@yantity of

t he second PE@B‘QW‘O’@E%‘BJF &8 tan??)o% @%hﬁgé§%9n%gﬁtﬁ%mgrggeﬁﬂ}5art;
removing all lubricants and binders fromthe conpound green part to
forma powder skeleton; and sintering the powder skeleton to form

sai d conpound sint ﬁé@g dt&r{,%tl%![tﬁ% %ﬁ’ﬁg@d’tﬁ}? Y tﬁ?ip%sfeﬁtriﬁienﬁé}dto&ﬁé fafufacture of

functional prop A pair o unctional properties

sel ected fromthe group .of | d BIGHRENIDe BRicLB 16 @Bmbikiing sihgle
magnet i c- coPV‘é@?rSEq’\aéggs@gré#gg{a%t &SN gd POros| ty- hi gh t her mal

conduct i vity, A gl?%gﬁ'u {.lrreyi-}%i Sy SkiSDEithe Adlibndi NeisBaiments of the present

conducti vi t y°F er el "&xpansi on, wear resistant-high toughness,
control |l ed F‘)orgs#t y-high strength, high elastic nodul us-high danping
capacity, hl'a'ﬁ té f engt h-good machinability, controlled
porosity-fatigue resistant, nmagnetic-non-magnetic, high hardness-high
t oughness, wear resistant-oxidation resistant, easy
joinability-corrosion resistantyg gnshdrfetti nt ernal stress-controll ed
porosity.
in this embodiment we disclose a process anad structure for forming a cutting tool.
As in the first and second embodiments, the process of the third embodiment begins with
the provision of two mixtures of powdered materials. One the these mixtures will, after

sintering, be well suited for use as a handle while the other, also after sintering, will have

excellent properties for use as a cutting edge.

The mixture that is intended to become the handle is selected from materiais such
asiron, and all iron-based alloys (such as carbon steels, iow-alloyed steels and stainless

steels). See,-for example, Metals Handbook, Volume 1, 10th edition 1980.
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4. A process for manufacturing a cutting tool, conprising: providing
a first mxture of powlered materials, said m xture being, after
sintering, suitable for use as a handle; providing a second m xture
of powdered materials, said mxture being, after sintering, suitable
for serving as a cutting.edge; adding lubricants and binders to said
first and second m xtures to formfirst and second feedstocks such
that the anmount that said feedstocks will shrink after sintering
differs one fromthe other by I ess than about 1% using a first pold,
conpr essi on nol dpaitidmalerialsorftbe dbdure khat wilkf kacame the euiting,gdgeare al too!
havi ng the shape of a handle; transferring said first qree&gars t% a
second 1ol dstedls indieingiwbteretardepinigrstesisdAvae Wo sopek-reeistNgSIeRIn HiyPe ) 5PI%-
t he second feedstock having the shape of a cutti ng edge, thergtw T
forming, togetkieaels\Tybe Ché, PiandH)drotwarksiaels (TypeHE SHRIT 268 1S5\ YPe
renoving all lubricants and binders fromthe second %Eﬁeﬁn sBart L8 100!
form a powdend Sahwd steelsdigpes ransrtunastenifaraiis, Helals R 6 SA8T YIS

formng the cutting tool. 5. The process described i '
wher ei n sai eteelismsay.teifnung i ipihe @FH&PBPP%F’L%F@“&@P&@ggb ‘?kr' om t he

group consisting of iron, all iron-based alloys, carbon steels,
| ow-al | oyed steels, and stainless steels).

{_ubricants and binders are added to each mixture to form feedstacks, a key
requirement being that the amount that said feedstocks will shrink after sintering differs
one from the other by less than about 1%. Then, the appropriate feedstock is compression
moided to foﬁr; a green part having the shape of a handle (shown schematically as 92 in
FIG. 9) which is then transferred to a second moid into which is injected a sufficient
quantity of the other feedstock for forming an extension to the green part in the shape of

a cutting edge {shown schematicatly as 91 in FIG. 8).

After removal of all lubricants and binders (thereby forming a powder skeleton), the

jatter is sintered, as dis¢ussed earlier, to become the cutting ool
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6The process described in claim4 wherein said second m xture of
powdered materials is selected fromthe group consisting of all tool
steels, water-hardening steels (Type W, shock-resisting steels
(Type S), cold-work steels (Type 0, A, D and H), hot-work steels
(Type H), Hi gh speed steels (Type T and M, nold steels (Type P), and
tungsten carbide. 7.The process of claim1l wherein the conpound
sintered article has a cavity, each nenber of said group of m xtures
has, after sintering, one, and only one, functional property that is
different fromany functional properdtyeppstimanted, after sintering, by
any ot her nenber of the group, wherein the functional property is
defined as a physical property selected fromthe group consisting of
magneti c, corrosion resistant, controlled porosity, hi

h t her mald.
conductivity, hi ghhemsbdiyettmgtisiosengrasesy ang stHetipier 'g%'aﬁéi“%’ﬁ, IRhe Sy

resistant, high elastic nodul us, high danpi ng capaci.t d. .
machi nabi | i tiy, tndipgdiiousfemtbodimentse diesprapass qﬁitlbq]fcﬁlg.ﬁ méfmeﬂtfgﬁgms with the

t oughness, high nelting point, oxidation resisfant nd .
j 0i nabi | i ty, pravidichont tivotreidiees af tRowgered sppterial + HAP “&%ﬁﬁsf— E@ﬁéref». i, after

steps of: formng a second group of feedstocks that, w | i -
af t er si nt er singgingy e avel! snitadfor ¢SeRs aé;ggglgaggﬁﬁglegﬂ'%dﬂﬂ &“héf%r?&hﬂ%“ﬁ%é’?

of said first ‘feedstock group shrinks, after. sinteri le
10% in the trohdand Abire-easedRilexsBHEESSiBIRONS! |snfawfétl{3?%de$¥?‘:‘g%‘r%é s

conpression nolding the feedstock fromeither fee
formthe gresteelspwhite thenahermilbesvelt i OSEMERS %‘g?‘g’%gﬁélélﬁg%gwqth?? er

conprises transferring to the different npld and ]! h M- rbdRdtiR
sai d di ffer enbnsigting o 2t tvhsteels, L et CrpBVE phith edkig
ei ther feedstock group; and repeati the ste Of. € i@;ybeH,H'h
nol di ng and tstestsflape ﬁhg;o{ddﬂqrhéleaisf(?giﬁeélﬁ-?PD?"@%'QJ&?* il rréﬁ%%i(ng a) o
different nold and a different feedstock. unti ﬂgg?g&,@ of both

f eedst ock gr cwpged ﬁaﬂ@fﬁ@éﬁﬁ?ﬁl'@eﬂ‘f’%ﬁi@%@wt’fﬂ@r %?Jr%h? e Tinal conpound
green part. 8. The process described in claim7 wherein the renoval of
| oose parts is achieved

Also as before, lubricants and binders are added to these mixtures to form

teedstocks which, after sintering, will shrink by amounts that differ one from one another

by less than about 1%.

Additionally, a third feedstack is pravided that has the key property that, after

sintering, it will shrink an amount that exceeds the amount that the first two feedstocks
shrink by'a! least 10 %. In this case the feedstock can be made from just binders,

including \;{axes such as paraffin wax and thermoplastics such as polyethylene.
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by nechanical or by chem cal neans. 9. The process of claim3 wherein
t he conpound sintered article is a wire die, the first m xture of
powdered materials, after sintering, is suitable for use as a handl e,
and the second m xture of powdered materials, after sintering, is
suitable for serving as a wire drawing die; and further conprising
the steps of: providing a third m xture of powdered materials and
adding thereto lubricants and-binders thereby formng a third
feedstock that will shrink, after sintering, by an anpbunt that
exceeds the anpbunt that said first and second fe&ﬁgmﬁcks shri

after sintering, THY2RATORTBIReEdBiRG isif)n COTRFSH 1Y Fo ¢ P'Feff' Pﬁ%P%"‘“Q

e oD oL el B L0 LS SRS LY B

f d f h
S s P bl e BB
t t
et ook WL kSR IR e 0 Raaa ol g o
It 0 f‘gg{ ﬂ]g' I“gfngéi igd §F{eﬁ.’b%89£ ﬁ‘]%g tn%ﬁéf&n-é tE.Pq h@xﬁmb%ﬁ’d’r‘ﬁs irjesed a sufficient

quan e second féedstock

t hat d Qhdeh
second gr een BEF '°%%Z4rs*efé95#%°$he%g?%*ﬁ€%ﬁmer e oo =

part, a thll‘ﬂ green part; the step of renoving all lubricants and
bi nders furt %Jr conprises renoving all |ubricants and binders from
the third green part to formthe powder skel eton; and

All iubricants and binders are then removed so that the green pan becomes a
powder skeléton which can be sintered to became a solid continuous material. After
sintering, the residue of materials that were originally part of the third feedstock can be
remaved by mechanical and/or chemical means, resulting in formation of the die cavity

{shown schematically as 94 in FIG. 10).

While the invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing from the spirit and

scope of the invention.
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removing all material that was formed fromsaid third powdered

m xture, thereby formng the wire die. 10. The process described in
claim9 wherein renoval of all material that was forned fromsaid
third powdered m xture is achi eved by mechani cal or by chem ca
means. 11. The process described in claim9 wherein said first

m xt ur ecphiy®wdered materials is selected fromthe group consisting
of iron, all iron-based alloys, carbon steels, |owalloyed steels,
and stainless steels. 12. The process described in claim9 wherein

sai d segond Aipkddes€fddimPRNEEIRG Biresdual Sintsted ahrR, edmpriging tHee group
consisting of all tool steels, water-hardening steels (Type W,

shock-r eséqldnng stdeadfs (Type S), cold-work steels (Type 0, A D and
H), hot-work steels (Type H), H gh speed steels (Type T and M, nold
steel s @] yppRidNg a grRUploARGatRS of pobieted maldialsTbacpmea®es otiesd gidopd i n
claim9 wherein said third m xture of powdered materials is selected

f r om t hehgvity pifteosiRiesihd Npfudttionakes pamditahie rdifpdragioncany fuhtienal a -
FIG Ib - Prior Art Prior Art
property possessed, after sintering, by any other member of the group;

(b) adding lubricants and binders to all members of said mixtures group, thereby forming
a group of feedstocks, all of whose members shrink, after sintering, by amounts that
differ from one another by less than about 1%;

(c) in a mold, compression molding a feedstock from said feedstock group, to form a
green part;

(d) transferring said green part to a different mold and then injecting into said different
mold a quantity of a different feedstock, {aken from said feedstock group;

(e) repeating steps (c) and (d), each time using a different mold and a different
feedstock, until all members of said feedstock group have been molded, thereby
forming a final compound green part;

(f) removing all lubricants and binders from the final compound green part to form a
powder skeleton; and

(g) sintering the powder skeleton to form said compound sintered article.
2. The process described in claim 1 wherein said first and second functional

properties are selected from the group consisting of magnetic, corrosion resistant,

controlled porosity,
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high thermal conductivity, high density, high strength, low thermal expansion, wear
resistant, high elastic modulus, high damping capacity, good machinability, fatigue
resistance, high hardness, high toughness, high melting point, oxidation resistant, easy

joinability, and fow internal stress.

3. A process for manufacturing a compound sintered article, comprising:

providing a first mixture of powdered materiais, said mixture having, after sintering, a first
functional property;

providing a second mixture of powdered materials, said mixture having, after sintering, a
second functional property;

adding lubricants and binders to said first and second mixtures to form first and second
feedstocks such that the amount that said feedstocks will shrink after sintering differs
one from the other by less than about 1%;

using a first mold, compression molding the first feedstock to form a first green part;

transferring said first green part to a second mold and then injecting into said second
mold a quantity of the second feedstock sufficient to form a compound green part;

removing all lubricants and binders from the compound green part to form a powder
skeleton; and

sintering the powder skeleton to form said compound sintered article, whereby said first
and second functional properties constitute a pair of functional properties selected
from the group of functional property pairs consisting of magnetic-corrosion resistant,
controlled porosity-high thermal conductivity, high density-high strength, high thermal
conductivity-low thermal expansion, wear resistant-high foughness, controlled porosity-
high strength, high elastic modulus-high damping capacity, high strength-good
machinability, controlled porosity-fatigue resistant, magnetic-non-magnetic, high
hardness-high toughness, wear resistant-oxidation resistant, easy joinability-corrosion

resistant, and low internal stress-controlled porosity.
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4. A process for manufacturing a cutting fool, comprising:

providing a first mixture of powdered materials, said mixture being, after sintering,
suitable for use as a handle;

providing a second mixture of powdered materials, said mixture being, after sintering,
suitable for serving as a cutting edge;

adding lubricants and binders to said first and second mixtures to form first and second
feedstocks such that the amount that said feedstocks will shrink after sintering differs
one from the other by less than about 1%;

using a first mold, compression molding the first feedstock to form a first green part
having the shape of a handle,

transferring said first green part to a second mold and then injecting into said second
mold a quantity of the second feedstock having the shape of a cutting edge, thereby
forming, together with the first green part, a second green part;

removing all lubricants and binders from the second green part to form a powder
skeleton; and

sintering the powder skeleton thereby forming the cutting tool.
5. The process described in claim 4 wherein said first mixture of powdered
materials is selected from the group consisting of iron, all iron-based alloys, carbon

steels, low-alloyed steels, and stainless steels).

6. The process described in claim 4 wherein said second mixture of powdered

materials is selected from the group consisting of all tool steels, water-hardening steels
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{Type W), shock-resisting steels (Type 3), cold-work steels (Type O, A, D and H), hot-
work steels (Type M), High speed steels (Type T and M), mold steels (Type P), and

tungsten carbide.

7. The process of claim 1 wherein the compound sintered article has a cavity, each
member of said group of mixtures has, after sintering, one, and only one, functional
property that is different from any functional property possessed, after sintering, by any
other member of the group, wherein the functional property is defined as a physical
property selected from the group consisting of magnetic, corrosion resistant, controlled
porosity, high thermal conductivity, high density high strength, low thermal expansion,
wear resistant, high elastic modulus, high damping capacity, good machinability, highly
fatigue resistant, high hardness, high toughness, high melting point, oxidation
resistant, and easy joinability, and low internal stress; and further comprising the steps
of:

forming a second group of feedstocks that will shrink, after sintering, by an amount that
exceeds the amount that any member of said first feedstock group shrinks, after
sintering, by at least 10%;

in the mold, the step of compression molding further comprises compression molding the
feedstock from either feedstock group, to form the green part;

the step of transferring said green part further comprises transferring to the different
mold and then injecting into said different mold a quantity of a different feedstock,
taken from either feedstock group; and

repeating the steps of compression molding and transferring to the different mold each
time using a different mold and a different feedstock, until all members of both

feedstock groups have been molded, thereby forming the final compound green part.

8. The process described in claim 7 wherein the removal of loose parts is achieved
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by mechanical or by chemical means.

9. The process of ¢laim 3 wherein the compound sintered article is a wire die,

the first mixture of powdered materials, after sintering, is suitable for use as a handle,
and

the second mixture of powdered materials, after sintering, is suitable for serving as a
wire drawing die; and

further comprising the steps of:

providing a third mixture of powdered materials and adding thereto lubricants and
binders thereby forming a third feedstock that will shrink, after sintering, by an amount
that exceeds the amount that said first and second feedstocks shrink, after sintering,
by at least 10%;

the step of using the first mold further comprises compression molding the first feedstock
to farm a first green part having the shape of a handle;

the step of transferring said first green part to the second mold further comprises
injecting into said second mold a quantity of the third feedstock which is given a
cylindrical pin-cushion shape, thereby forming, together with the first green part, a
second green part;

transferring said second green part to a third mold and then injecting into said third mold
a quantity of the second feedstock that surrounds said cylindrical pin-cushion shaped
portion of the second green part, thereby forming, together with the second green part,
a third green part;

the step of removing all lubricants and binders further comprises removing all lubricants
and binders from the third green part to form the powder skeleton; and

removing all material that was formed from said third powdered mixture, thereby forming

the wire die.

10. The process described in claim 9 wherein removal of all material that was formed
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from said third powdered mixture is achieved by mechanical or by chemical means.

11. The process described in claim 9 wherein said first mixture of powdered
materials is selected from the group consisting of iron, all iron-based alloys, carbon

steels, low-alloyed steels, and stainless steels.

12. The process described in claim 9 wherein said second mixture of powdered
materials is selected from the group consisting of all tool steels, water-hardening steels
(Type W), shock-resisting steels (Type S), cold-work steels (Type O, A, D and Hj), hot-
work steels (Type H), High speed steels (Type T and M), mold steels (Type P), and

tungsten carbide.

13. The process described in ¢claim 9 wherein said third mixture of powdered

materials is selected from the group consisting of waxes and thermoplastics.
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