; e3e. u. ppgsFsVubuTunx@ NMETHOD TO FORM MULTI - MATERI AL COMPONENTS
Continuation in part of application nunmber 091733,5 i filed g
;121111 00. FIELD OF THE | NVENTI ON The invention rel aﬂwmﬂmwm@aneral 1/§el d
of powder netallurgy and conpression nolding with p erence to
form ng conplex structures. BACKGROUND OF THE | NVENTI ON*JH¥€" pr oducti on of
nmetal or ceram c conponents using powder injection nolding (PIM processes
is well known. The powder is mixed with the binder Ilmummmmmmﬂwm m xture
that can be nolded into the desired part. The bi nde uitable
flow properties to permt injection into a tooling caviiggo@nd form ng of
the part. The nolded part is usually an oversized replica of the final

part. It is subject sMETHODGIOVEORY MUETRMATERIALNOOMPONENT®VEd Wi t hout

di sturbing the powder orientation. After the binder is renoved, the part is
subjected to sintering process that results mpart densification to a
desired | evel . JdrinpatidrsinpandfapslicaiorPhivhiver\0oM33(52mwHich wagfied®RMy/00They
also tend to be made of a single material. For exanple, an orthodontic
bracket can be made of 316L 1 stainl ess steel using PIMtechnol ogy. There
is, however, a need for objects, forned by PIM that contain nultiple
parts, each of which is a dFiELpramTrHEBNYENTIONNOSEe properties differ from
those of its imedi ate nei ghbors. The prior art practice has been to form
each such part separately and to then conbine themin the finished product
using costly welding operations or nechanical fitting nmethods to bond these
di fferent part sTid indehficT eibtesmdttae gaheral fiege bhsowdef Ivetdliasdycaraigongpredsidrhat
the present invention takes to solving this problemis schematically

i | I ustr at echadlding-WiBSpadicalaareferénte tol farnkihgcorfiplax stidctanesl 12 r epresent two
green objects having different physical properties and fornmed by PIM FIG
1 b shows the sane 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
sinmple press fit between the 11 and 12 m ght have sufficed so that the
final object was not a corBACKGROUNDIQF THE INVENTION

The production of metal or ceramic components using powder injection molding
(PIM) processes Is well known. The powder 1s 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 tooling cavity and forming of the part. The molded part is usually an
oversized replica of the final part. It is subjected to debinding where the binder is removed
without disturbing the powder orientation. After the binder i1s removed, the part is subjected

to sintering proces's that results 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 orthodontic bracket can be made of 316L

1



An obvi ous inprovenent over welding or simlar approaches woul d appear to
have been to sinter 11 and 12 while they were in contact with one anot her.
In practice, such an approach has usually not succeeded due to a failure of
the two parts to properly bond during sintering. The present invention
teaches how problens of this sort can be overcone so that different parts
made of materials having different physical properties can 2 be
integrated to forma single continuous body. A routine search of the prior
art was perforned with the follow ng reference of interest being found: In
"Conposite parts by powder injection nolding", Advances in powder

nmetal lurgy and particulate materials, vol. 5, pp 19-171 to 19-178, 1996,
Andr ea PeSEtaﬁ*ﬂes@steéﬂh@ﬁgwftéﬁhnaro? )l ens of sintering together parts that
conprise nore than one material. ey show that control of shrinkage during
sintering is inmportant but other factors (to be discussed bel ow) are not
menti oned. SUVMARY OF THE I NVENTION It has been an object of the present

i nvention to prgréles, AoReRtes eédfor bbiects foféd BPIM, titat CeRainTHASIe PRY,
having nmultiple parts, each with different physical properties and/or

different buRChi WRigh P4 BRBFdnt Raterlal WhEsSOPEHIBS dRBAIGHA XS dTRS RfitnddiateSUCh
as solder or glue) between any of the parts. This object (lave been

achi eved byeidfbdte THOWIRF att BrREES AES BEUo Rt O5LAISUER pift sBparaleRf dHd t6 @wdn Ol  of
the rel ative shrinkage rates of the various parts. Additionally, for the

case Wher e chbihg tieifin R shal pRIdcRBIsing@Bstlyvadididy bp&ranbii VeRetnBAkEISItrgar € 1S
taken to ensure 3 that only certain sel ected physical properties are

al | owed t o mfbitiddeito BehaVBREe tiferdht bhds BiifieteRtiAftbRalsBgeleral t ered through
relatively small changes in the conposition of the feedstocks used. Another

obj ect has been to provide a process for formng, in a single integrated
operation, an object that is contained within an encl osure while not being
attached to sai The basic approach that the present invention takes to solving this problem is
schematically illustrated in FIGs. 1a and 1b. In FIG. 1a, 11 and 12 represent two green
objects having different physical properties and formed by PIM. FIG. 1b shows the same
two objects, after sintering, joined to form a single abject. In the prior art, the interface 13
between 11 and 12 was usually a weld (i.e. a different material from either 11 or 12).

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 iImprovement 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 smtégmg. ;rhe present invention teaches how problems of this sort can be

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



encl osure. This object has been achi eved by neans of powder injection

nol ding wherein the shrinkage rate of the object is caused to be
substantially greater than that of the enclosure. As a result, after
sintering, the object is found to have detached itself fromthe enclosure,
being free to nove around therein. BRI EF DESCRI PTI ON OF THE DRAW NGS FI GS

1l aand 1 billustrate two contiguous parts, nade of different materials,
before ' , and after sinteringl respectively. FIGs 2a and 2b show steps in
the process of the present invention 4 FIG 3 is an isonetric view of the
obj ect seen in cross-sectionin FIG 2b. FIG 4 is a plan view of an object
that has three parts, one non-magnetic, one a hard magnet, and one a soft

magnet . Fl g iredrated t6 fitfisa SiAgikicontiuadke Bodiir ough the center of FIG 4. FIGs.
6 to 8 illustrate steps mthe process of the second enbodi mrent wherein an

object is fornmed inside an enclosure. FIG 9 shows a cutting tool forned
t hrough application of the present invention FIG 10 shows a wre die

formed through gpgltineaddapih &fthé BRoPER WS pelfBM R Wi th@%%iﬁh&ﬂeweﬁ& [ =
PREFERRED EMBCDI MENTS This 1 nvention descri bes a novel nethod of

manuf act ur 'irﬂQre@lJan'n 'T&Br?c{ 'lﬁ'"cSﬁHBé?x@e;SHr& BYS bR QHfdefon MbRIFG" ORavERESH MI
processes. njectlon nol di ng
powder metallurgy and particulate materials, vol. 5, pp 19-171 to 19-178, 1996, Andrea
Pest et al. discuss the problems of sintering together parts that comprise more than one

material. They show that control of shnnkage during sintering 1s 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 functional 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 control of the relative shrinkage rates of the various parts. Additionally, for the

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



" ent-material , articles is an economically attractive nethod for
manuf acturing finished articles of comrercial values due to its high

. production capacity and net shape capability. 5 As is well known to those

skilled in the art, the basic procedure for formng sintered articles is to
first provide the required material in powdered form This powder is then
m xed with |ubricants and binders to forma feedstock. Essentially any
organic material which will deconpose under el evated tenperatures w thout

| eavi ng an undesired residue that will be detrinental to the properties of
the metal articles, can be used. Preferred materials are various organic
pol ynmers such as stearic acids, nicropulvar wax, paraffin wax and

pol yethyl eﬂi’a’coﬁ?@éﬁdnﬁsé@dtﬂc{ SHAKED n%sldr@andmttowmérseméenttﬁ@pmm.ue

materials may be used as he anount and nature of the

brder /i ubr iy [ ty of
t he feedstogﬁ% dé}/ahe aztﬁo%?#?ﬁ |%|I’I nk?’\gﬁtélrl]\ghhh %ﬂrﬁéﬂ?ﬁ&gﬁkﬁkhdg gfﬁ?erl ng.
Once the f?é‘é?!%fo%ﬁé‘ g@s been prepared, it is injected into a suitable nold.
The resulting "green’ object is then ejected fromthe nold. It has
sufficient nmechanical strength to retain its shape during handling while
the binder is renoved by heating or through use of a solvent. The resulting

_skeleton' is tReOBI S‘gjgguﬁté% 15%531 (56‘2?6&&%%&&8?0&@6 fthing Wéﬁﬁ%l'e%ntegr%?éoed at

a tenperature between bet'ween about 30 and 180
mnutes in ab d ﬁme A |l e
obj ect's con?é‘%ﬁ%éé}]p%?cgﬁ%g téﬁceiélw eﬁgﬁteﬂnaﬁg?wgf‘ R ave gfjésll?gﬁéd’@o ggﬁ
limted toenglgérpeng the parts separately and joining themtoget her | at er.
Thi s has been because green parts nade of different materials could not 6
be retied upon to always bond properly during the sintering process. The
present invention teaches that failure to bond during sintering cones about

because (i) theTaBbbBkARE Habn kBSiesY BySmeids STpRwWRBLINfeLHER MmBRINRWIRreiR hdTOT €
than a critical anount and (ii) certain physical properties differ between

the parts. sBin{dae radBethk QkRRis @ﬁrsbatdbecgdﬁgﬁnﬁdnygre%@r tH2h @R of N enBRYuree
quite different between the parts with little or no effect on bondi ng.

Physi cal prnerebile SftériiiteriRe thel dbjde i BanPRIMRavE defiichéd agemfrong@ecén%a&leng i's
to occur include (but are not linmted to) coefficient of thermal expansion

and nel ti n%dﬂ?féeto%de‘%r@u%é?éﬁs that may differ without affecting
bondi ng i ncl (but are not limted to) electrical conductivity, magnetic
coercivity, dielectric constant, thermal conductivity, Young's nodul es,
hardness, and reflectivity. In cases that are Wll suited to the practice
of the present invention it will not be necessary for the conposition of
two powders to vary one from another by very much. Typically, the two

m xtures woul d differ i BRAREHESORIPPIONOFITHEDRAVWIRES t han about 25 percent
of all ingredients.

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

and after sintering, respectively.

FIGs. 2a and 2b show steps in the procesé of the present invention



Additionally, it is inportant that the powders that were used to formthe

f eedst ocks 7 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 mcrons. As
an exanple, if one part needs to be soft material (say |ow carbon iron),
and another part is to be a hard material such as high carbon iron, then

alloying the | ow carbon iron with specific amobunt of carbon will enhance
hardenability and neet the requirenment of high carbon iron. In so doing,
both powders are still simlar and have simlar shrinkage rates. This w |

give rise to goad. Benam someeicnesn of the objaot seeher crlss-sadtionen REGiapg di f ferent
properties. Simlarly, if one material is |ow carbon iron and another is
stainless steel, then blending the nmaster alloy of the stainless steel with
an appropriate anount of iron powder to formthe required stainless steel

conposi tion carFig. i4ng atdien AeRIcllah dbfustitiat BEah#ES panss bhé RosnRpetd, @neach
other. "'For exanple, if two materials are 316L Stainless Steel and | ow

carbon i ronardTrh@ghét,rmdmranga{mggﬁ_o bl end one third of nmaster alloy of
316L with two-third of tow carbon iron to formthe actual 316L conposition
Note that nolding of a two-material article can be achieved in one tooling
of one or several cavities in a single barrel machine of one materi al
first. The nol dew. 8ié b&rdsisaclon takérhpduyhitRél céedstdiGe4. t ool i ng m anot her
single barrel machine of another material to formthe desired article

t hough a manual pick-and-pl ace operation or by using a robotic arm The
nol di ng process can also be carried out on a twin-barrel infection machine
to nold a conpl piGs. 816 BGlBtralel leps thBprRERSY of thd $dtioRd ambbaitept WAGeinwh 15
enbodi nent We will illustrate this enbodi nent through reference to FIGs. 2a
and 2b) butobjekct sheried ihsideladengbane t hat the process that we disclose is

i ndependent of the shape, form size, etc. of the structure that is forned.
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
m xture of powdElG .9 sHoevsleaduttery toolfsinsdd thipugivepginatiom bf thb erasett iBkerpiencent
carbon, about 15 percent chrom um about 0.5 percent manganese, about 0.5
percent silicon, about 0.3 percent niobium about 4 percent nickel, and
about 80 percent iron. Using a suitable nold, this first feedstock is

conpr essi on nol & 10cshbasa wire die fgrednthmagih agdlicatien sfithevwresentihéntida. Thi s
happens to have a cylindrical shape with 22 representing the holl ow center.
Then, a second feedstock is fornmed by adding l[ubricants and binders to a

m xture 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 percent
silicon, about 0.3 percent niobium about 14 percent nickel, and about 70
percent iron. It is inNPBSCRIRTIONDF THE FREFERRED EMBODIMBENTS s are present
in concentrations that ensure that, after sintering, the difference in the
anounts. the two feedstocks shank is |less than about 1 % of total shrinkage
experienced by either one. We note here that although the two feedstocks
have the same cdhjsosnventon edesepbest zatno¥@l%methdd @h masufacterng eplitoeteriay an
additional 10% of nickel. This relatively small change in chem cal

conposi t i orcdmganestst isnd epwpéry Byection pralgiag tpresessess odnyedted moltimgsaofcdittersf ul

si ntering unchanged but .introduces a significant change in the magnetic
properti es.eriendteridl iartidlegiscan epandmi2dlly attractivesfethoddot maaufaeweingl finizhdd i nt o
which is then injected a sufficient quantity of the second feedstock to

conpl Sa e t haticés ofcbmirrdd QaNesttld G its Alghtiphdduidadn édpaicit) &aemer shamd capabiityound
ring .



Once the final "“conpound green object has been forned, al

| ubricants/binders are renoved, in ways-di scussed earlier, resulting in a
powder skel eton which can then be sintered so-that it becones a continuous
body havi ng both magnetic and non-magnetic parts. Because of the
conpositions of the originals powlers fromwhich the two 10 f eedst ocks
were formed, 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 nagnetic part has a maxi num perneability (N
max) between about 800 and 1,500. In FIG 3 we show an isonetric view of
the object seen mFIG 2b with the addition of rod 33 which is free to nove

back and forth Adis wedRndvari © thoke skilled indhedar,ittte e YR beature foB far@srigiSimtered
relative to hole 22 could be controlled by neans of an applied magnetic

field genepaicRd i9¥o fivdt BrevRIENA rédired (MERérict MOPSYderSt i@, PRHi pedérSs &ena

magnetic material, it will act as a core for concentrating this applied

field. Rod m%édcmm IdodR@ntCrEsing P & Rif laffeddstark. CRYSeAURG ?ro!’@éiﬁlcﬁat%h&lu as

part of an integrated manufacturing process, using the nethod to be

descri bed |RIBwill@Bmpbiifurifef BBratedRtHerRbles withod! I6SARY ah [RddsREd réddifue

formation of a continuous body having nultiple parts, each with different

properties mqg%ﬁ' beQetiRerthlMoltRE préherti¥d SFURE ni&éltamé{l cbh e Use¥CPRRAER Pl an
vi ew of an object having three parts, each wth different properties. All

parts are GRRGHIN BlelvarioldSrgafic Mwné‘ree&&{ a§§te£rh'?ac§&§ ‘ﬁﬁérﬁﬁ@vé@vé}spﬁaﬂaﬁ& 44
that is surrounded by inner ring 4 ng 43 ~s non-magnetic.

surrounded yR¥ ahé Belyétﬂynsﬁ@ts@éncaacmehe%g Iae&bncbﬁt&vnuewtn@efhu ﬂateha& naéye sane
t hickness as ring 4 Ring 41 al so has an outer portion that is thicKer

than ring 43, us@élé%'tﬂﬂieké The iRt ard hél%féjﬁ thé BMaBHIubAcantkiE iy sdealis treeen in
the cross-sectional view shown in FIG 5. Aligned with, and touching, this

si dewal | i polvBéBriragierhifie ﬂie%cdaty\&ﬂtr@hee@st@kfmﬂdhmamt of EArirkagé tHR MIeXT ,
the termsoft magnet refers to a material having 11  a low coercivity with
hi gh nagnetdcgursdiritg @inkgtthgwhi | € the term hard nagnet refers to a material
havi ng a high coercivity. The structure seen in FIGS. 4 and 5 is nade by
fitting hard magnet 42 (made separately) into the integral part after 41
and 43 have been formed. The reason for adding a ring of magnetically hard
material to a sDhoélthe feddsidick ihas Debh lppdparé, ithiglinjd&ed td aFduitablé m@ldt Thee
able to provide a permanent bias for the applied external magnetic field.

In this enbeslitigngred® oBje6tas PSR ejdctel @EMAIBe MoK, ItHaishficicnt Meshdhiabstratgagr at ed
operation, one object that is enclosed by another with the inner object not

being att aabeslaih @s ERedtifg haHdlies While \the BIhddrierdmdvel bg measHg@nkrough@se

process is illustrated through an exanple but it wll be understood that it

i s applicalufe dsoveanyTrE@BaEND tkelefoni i8 Mhehtpladad if RaReriy futred aAd, tymcdﬁlyG 6
we show, in schematic representation, an object that has been f'or med

t hrough Pl Meatys a@altém;se‘ratmebemmautf 0200 4R 1 IBOPE foPitwédirabbuesd bhy 18md
quality of the bindersJlubricants were chosen so that, after sinteri ng, the

green for mmihued imeydrdgehsrn valsuly. a rel atively | arge anount (typically
bet ween about 20 and 50% .

As already noted, attempts to form single objects containing parts made of different
materials Ha_ve usually been limited to “forming ihe parts separately and joining them

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



12 Referring nowto FIG 7 we show enclosure 71 that has been fornmed by
fully surrounding 61 with material froma second feedstock for which

. bindersllubricants were chosen so that, after sintering, the green form of
71 would shrink by a relatively small amount (typically between about 10
and 20% . Regardless of the absolute shrinkages associated with parts 61
and 71, it is a key requirenent of the process that the difference between
the two shrinkage rates be at |east 10 % After the renoval of all

| ubricants and binders fromthe object seen in FIG 7, the resulting powder
skeleton is sintered (between about 1,200 and 1,380 C for between about 30
and 180 m nutes m vacuumor in hydrogen for ferrous alloy steels. Because
of the | ar pgereistnpok &gaiwags borad préfenyedurtnigtbe sioteribg ptdoesst ruct ure 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. An exanple of a structure of this type is an

el ectrostati c nMmHeopreseantfihvertibe teathes thas faillaoe)bond wurind sinferingcomebk tabaatt el vy
serve as the stator and 81 as the rotor. In the prior art, such structures
had to be baskusesi)tge shrinkage bf thiegarts alffers be fbheaicd othlbe byl erioee tham ra crizvital8 1
from71. FUNCTI O ~f AL PROPERTIES In the foregoing discussion we were

concer ned wimoantcamdiinésrin phyaical probertiés diffecbetivieami thespastsr uct ure, two or nore
parts that had different physical properties. The sane principles that are
taught there may al so be applied to structures having two or nore parts
that differ in their functional properties. By functional properties we
mean properti esBy ihdisametokdnderamtotith phydical frdperfits Mayisdgditerdifdremaletween
properties derive from physical and chem cal properties, they are often a
subt | e bl ek gdrtstwieh litté befio affstt bh®oadlhgct i ve used to describe themwi |
depend on the application for which they are intended. Thus) a given

el ectrical resistivity nay be considered to be | ow when the application is
for a resistor and high when the application is for a conductor. Functi onal
properties are Physicaf moperties ttiat nded td déitheesdme oesimiadn ihgdaddiondingtis fweogouovi ded
for themto be neaningful. W |ist below as exanples, a series of

functi onal inslugee(tut e ndiamited &) peefficiertdf thermahexgansise @ind imelteyt pomt, whitget her
with their definitions. It will be realized that this list is not conplete
and ot her fooopstrtiesitiedt may ajjfer witiesut effadtiodg bbreiingbeclgdevbat rengdimited ¢d) edectrical
continuous structure wi thout departing fromthe spirit of the invention In
nost cases cohdsaivitef maghetensosxcieityp r@ielestac etnstaat; ctheintah addnductivitgy Yoursfs  of
necessity, be of a descriptive rather than a quantitative nature: nagnetic
- ferromagmeddutus; bandasss) and esfiestnvdtyt - As defined in the ASTMGL57-98
Standard Guide for Evaluating the Corrosion Properties of Wought Iron and
Ni ckel - Based Corrosion Resistant Alloys for the Chem cal Process

I ndustries. Exanples of materials that have 14 good corrosion resistance
i nclude (but notn tasestteat drewePsutedNiodhe prachce kithe Gogsesat invergiohitrvell ndOIs
Monel K-500), N ckel-Chromum (eg Inconel 617, Inconel 625) Nickel-lron

Chr omawm ( egrecassainoior D% compasiton G289 powdersNp el origafsad agather by very snyohg
N~nornc 80A) controlled porosity - this nanifests itself as a relative
density, wiTypicligehsitvg ndxtures would differ in chemical composition by less than about 25

percent of dli ingredients.

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



100% of the pore-free material being considered H gh and densities of 50 -
90% bei ng consi dered Low high thermal conductivity - greater than about 100
. WmK high density - greater than about 9,000 kglm high strength - tensile
greater than about 900 Mda, yield greater than about 700 MPa. | ow t hernma
expansion - |less than about 12 x 10'i K ' wear resistant - having a

har dness val ue | ess than about 50 HRC hi gh elastic nodulus -- greater than
200 GPa hi gh danping capacity - loss of 25% or nore of stored energy per
cycle good machtnability - using AISI 1212 as a guide, steel is rated 100%
with a value ~n excess of 50% bei ng consi dered good highly fatigue
resistant - able to wthstand at | east 10 cycles of alternating standard

and zero |pagkstwo plirtetiate eisilar cparastenstidshsuch 268 pgdRCldsigdpet taxgheearal size Based
on Charpy or lzod testing, toughness is defined as the energy per unit

vol ume t hafistitufoR ETRRP dBRdkicl\of thetb Powdadrs Bifoi@ndtitiffed @y Miore thanravelud®. Hi gh
15 toughness inplies a value greater than about |oules/m high nelting

poi nt - grsafHae thd)mBar Baritie h4ed6r hoth PBwhBHsishodltl bbIs the(Phnge bititiouPN td 41 st ant

- as for corrosion resistant above, but limted to oxygen as the corrosive

agent easynk@ngability - based on experience but includes nmaterials such as
copper, silver, and gold.

As an example, if one part needs to be soft material (say low carbon iron), and
ano.ther part is to be a hard material such as high carbon iron, then alloying the low carbon
iron with specific amount of carbon will enhance hardenability and meet the requirement
of high carbon iron. In so doing, both powders are still similar and have similar shrinkage
rates. This will give rnise to good bonding between the two materials while having different

properties.

Similarly, if one material is low carbon iron and another 1s stainless steel, then
blending the master alloy of the stainiess steel with an appropriate amount of iron powder
to form the required stainless steel composition can bring the overall powder characteris-
tics closer to each other.'For example, if two materials are 316L Stainless Steel and low
carbon iron. Then the approach is to biend one third of master alloy of 316L with two-third
of low carbon iron to form the actual 316L composition.

Note ihat moI.ding of a two-materiarl article can be achieved in one tooling of one or

several cavities in a single barrel machine of one material first. The molded article is



It follows fromour earlier discussion of processes for form ng continuous
bodi es having multiple parts, each of which has a different set of physical
properties, that these sane processes naybe adapted to form ng continuous
bodi es having nultiple parts, each of which has a different set of
functional properties. Wile mthe general case these bodies will conprise
nore 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 andl or expensive to
conbine in a single continuous body when processes of the prior art are
used for their manufacture. The following lifts sonme exanples of functional
pai rs of tthrsfeims e andthddedoiing inrethetnat siagiettadriel Matratie bilarthier Aadteriito fdrmoul d
be added to this I~st without departing fromthe spirit of the invention:
magnet i c- cipe desiretnarticigitsdu@ita mamumi pidkland-madeaserationi ay by tus @b Edobotic arm.
conductivity, high density-high strength, high thermal conductivity-I|ow
thermal exTRvabIGRg proeess capdis R darfiéibut bh a twirbbgiélegection Mdchitle! te ¢hold a

porosi ty-high strength, high elastic nodul us-high danpi ng capacity, high

st r engt h- geupsblete Gridewith o matepialsivatired sip@lesoling: hi ghl'y fati gue resi stant,
magnet i cnon- magneti ¢, hi gh hardness-hi gh toughness, wear

resi stant-oxidation resistant, easy joinability-corrosion resistant, and

|l ow i nternal stress-controlled porosity. To further illustrate the
application of the present invention to the manufacture of structures
having two parts that would ordinarily be difficult to conbine in a single
conti nuous structure, we nom1desqgkgﬂmhmgﬁﬁdditional enbodi nents of the
present invention. In this enbodi nent we di scl ose a process and structure
for formng a cutting tool. As in the first and second enbodi nents, the
process of the third enbodi nent begins with the provision of two m xtures
of powdered natgeivaliSiusPaR thiRCerhbififert thicuge Seféidnke 1@ FIGY. 2 dHeezd, et tbe
well suited for use as a handle while the other) also after sintering, wll
have excel sisuld iy GiierstocRizhttie process that weldiscioag isdagspendét ofithetdhapge tfomt, 1S
intended to becone the handle is selected frommaterials such as iron, and
al | i ron- bagecdtaldf thesst{ustird thas istambary st eel s, | ow al | oyed steel s and
stainless steels). See, for exanple, Metals Handbook, Volune 1, 10th
edition 1990. 17 Possi ble materials for the mxture that will becone the
cutting edge are all tool steels, including water-hardening steels (Type
W, shock-resi StHgTiststepas the(pfotation of & ilstheddiock! Bred 8 acdomisiisied Ay dddmgd H) ,
hot work steels (Type H), Hi gh speed steels (Type T and M, nold steels
(Type P) angritattgsAcindns Ris@scuddebiaiatierOth 4 Mixterb @5 bowderal TrNakér EamlstSt eel s
maybe found in in the AISI (Anerican Iron and Steel Institute) handbook.
Lubri cant s bpmeight,ndd @bsuted. @5 perdent datbapaabouti1Stperaent chrbmium, izeeatd. Hplsenta key
requi renent being that the anmount that said feedstocks will shrink after
sintering dighbaneseoateuf 0.6 pelchet sbictie rabbyt 0.8 psrcehtmiombmuibclit Foperddeatinickdie
appropriate feedstock ~s conpression nolded to forma green part having the
shape of aahardbet G persentsicdre nebing @l suftable rB@dmnis fBst @pdstbckcis dotnprdssion
transferred to a second nold into which ~s nlected a sufficient quantity of~
the other frehisitofkmfficst gfean pang1,as shawe irskIGN24. OTHiISIkappereR Hage b dyindrieal shape
of a cutting edge (shown schematically as 91 mFIG 9). After renoval of
al | [ ubri cahépe witd 2D cepdesenting trer redigwioenterng a powder skel eton), the latter
is sintered, as discussed earlier, to becone the cutting tool. 18 In this
enbodi nent we di scl ose a process and structure for formng a wre die. As
~n the previous enbodi nents, the process of the fourth enbodi nent begins
with the provi sThen, asécdnddeedsidokneforréd ppadang thbriedres aad Bindéisao bheixtuteese

m xtures will, after sintering, be well suited for use as a handle and is
selected fromthe group consisting of iron, and all iron-based alloys (such ’
as carbon steels) lowalloyed steels and®d stainless steels) while the other
will be well suited to serve as a die, being selected fromthe group

consisting of 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), H gh speed steels (Type T and M, nold steels
(Type. P), and tungsten carbide. Al so as before, lubricants and borders are
added to these m xtures to form feedstocks which, after sintering, wll
shrink by anmounts that differ one fromone another by |ess than about 1 %
Additionally, a third feedstock is provided that has the key property that,
after sintering, it will shrink 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 dust binders, including waxes such as paraffin wax aid
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The appropriate feedstock is then conpression nolded to forma green part
havi ng the shape of a handle (see 92 mFIG 10), following which it is
. transferred to a second nold into which is infected a sufficient quantity
of the third feedstock to add to the green part an extension having a
cylindrical pin-cushion shape (see 94 in FIG 10). This nodified green part
is then transferred to a third nold into which is infected a sufficient
guantity of the l|ast feedstock to surround the pin-cushion shaped extension
(see 93 in FIG 10). Al lubricants and binders are then renoved so that
the green part becones a powder skel eton which can be sintered to becone a
solid continuous material. After sintering, the residue of materials that
wer e ori gi slapbwdererdonsibtind) oyt Wit f of eatiud OLOSC percbrt carborv eabduy 15epdreenitcal
and/ or chem cal neans, resulting mformation of the die cavity (shown
schemat i cathrsmasm Sgbduf 0B gercdril) mandbnése, tbeuti0W peiceasilicas, s OBapdrcentl ar |y
shown and described with reference to the preferred enbodi nents thereof, it
wi Il be ungdiebki ol 14 perenskickdlcand-abén703pdredritatony at isomrporbattpastnen form
and details nmay be made w thout departing fromthe spirit and scope of the
i nvent i on. |uBRcantslandbifdidrs @S predént i BoHceafratidns ghat eaisune el Cafter Sintsring, tiet i cl e,
conposi ng the sequential steps of: (a) providing a group of m xtures of
powder ed nuifferaritesin th@cimotete e o feedstooksostirinkaigi lesy traiht abousitfg ef tovg, a
functional property that is different fromany functional property 5
possessed, sr&ﬁrtk@ge skpuriehtéby Sitheadiie.ot her nenber of the group; (b) adding
| u$ricants and borders to all nenbers of said m xtures group, thereby
form ng a group of feedstocks) all of whose nenbers shrink, after
sintering, by amounts that differ fromone another by |ess than about 1 %

(c) in a nold, BRI Hat ai%dgmeawbmtoe%héweqné $8mé chmpesiRCdcapoup)
to form10 a green part; (d) transferring said green part to a different

mol d and t ke 10% &GlohMas bBER répihddd Byfdntddaitionaiolods 8f kiskent ThiY rélatnadiykirdier ent
feedst ock, taken from said feedstock group; (e) repeating steps (c) and

(d), each thamgdisi Berficsli tdfRtionMeavksathe KeydbHybRaEplopbried Hsecdiatedti Withl  al |
menbers of said feedstock group have been nol ded, thereby formng 15 a
final conpeuoacksgfutemigrarg 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, all lubricants/binders are
removed, 11 ways-discussed earlier, resulting in a powder skeleton which can then be
sintered so.t.hat it becomes a continuous body hévmg both magnetic and non-magnetic

parts. Because of the compositions of the originals powders from which the two
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(f) renmoving all lubricants and binders fromthe final conpound green part
to forma powder skeleton; and (g) sintering the powder skeleton to for
said conmpound sintered article. 2. The.process described in claim1l wherein

said first and second functi onal

consi sting of magnetic, corrosion resistant, controlled porosity, 21
thermal conductivity, high density, high strength, |ow thernmal expansion,
wear resistant, high elastic nmodulus, high danmpi ng capacity) good
machi nability, fatigue resistance, high hardness, high toughness, high
mel ting point, oxidation resistant, easy joinability, and | ow internal
stress . 5 3. A process for manufacturing a conpound sintered article
havi ng a cfaedstgcks wenpiogned, path@1 obicjGe2h that desivedrorp the first fegsistogk ¢ magnetigr oup
of m xtures of powdered materials, each nmenber of said group having, after
si nt eri ng, whilef panc23 thaaderpedfremttye sdeand fesdsiodkiie netntin thinparboylarf exacpiectheal
property possessed, after sintering, by any other nenber of the group; 10
(b) addi ngmbgrsticeartteas ardakinonqresmeability (u marbestweeri alsait 800ard 0)568. gr oup,
thereby formng a first group of feedstocks, all of whose nmenbers shri nk,

after sintering,

1 % (c) formng a second group of feedstocks that wll shank, after

sintering,

by dn FEGrauwné shdwadn isarneted siewioé thenabjett sédramn FAGy2mwitih the adfditoai d

first feedstock group shanks, 15 after sintering, by at leaSt 10 % (d)
a nmol d, cosfrbesswbith®lrde fgmové Backsdraictisrith trosugh Hde22 f I esls 3D sknagneti) itst 0
forma green.part; (e) t~ansferr~ng said green part to a different nold
t hen i nj ecposition rélativeab thott 22 €6 bertontiokedibiameaiy ofodn apglietifredgatic field

f eedst ock,

taken from either feedstock group;

generated by an external coil (not shown). Since part 21 1s of a magnetic material, it will
act as a core for concentrating this applied fieid. Rod 33 could be formed separately or
1t could be formed in situ as part of an integrated manufacturing process, using the method

to be described later under the second embodiment.

As already implied, the formation of a continuous body having multiple 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 1s non-magnetic. |t is surrounded by ring 41 that 1s a soft magnet. lts 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: 5. Aligned with, and touching, this sidewall is intermediate ring 42

which is a hard magnet. In this context, the term soft magnet refers to a material having

11
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by anmounts that differ fromone another by |ess than about
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20 (f) repeating steps (d) and (e), each tinme using a different nold and a
different 22 4 feedstock, until all nmenbers of both feedstock groups have
been nol ded, thereby formng a final compound green part; (g) renoving al
| ubricants and binders fromthe final conpound green part to forma powder
skeleton; 5 (h) sintering the powder skeleton; and (i) renoving all |oose
parts, thereby form ng the conpound sintered article. 4. The process
described in claim3 wherein said functional properties are selected from
t he group consisting of magnetic, corrosion resistant, controlled porosity,
hi gh thermal conductivity, high density, high strength, |ow thernal
expansi on, wear resistant) high ' 0 elastic nodulus, high danping capacity,
good nachnabow icogrcivitatwithutign essgneticsatutatigh windie dime sssm  Hard) imagaegtefers 39 ahi gh
mel ti ng point, oxidation resistant, easy jomability, and | ow internal
stress . Smafenel pevirees Rigtleserdiviitgd i n cl aim 3 wherein the renoval of |oose
parts is achieved by nmechanical or by chem cal neans. 15 6. A process for
manuf acturi ng a conpound sintered article, conprising: providing a first
m xture of powdered materials, said mxture having, after sintering, a
first functi ondfhepstoymtureyseenrin\Fi@Es.ngand Seis onatienby« fiting hafd magaetr42d(made
materials, said m xture having, after 23

separately) into the integral part after 41 and 43 have been formed. The reason for adding

a ring of magnetically hard material to a structure that is similar to that seen in FIG. 31s

to be able to provide a permanent bias for the applied external magnetic field.

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

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

shaped enclaosure.

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 quantity and quality of the
binders/lubricants were chosen so that, after sintering, the green form of 61 would shrink

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

12



sintering, a second functional property; adding lubricants and binders to
said first and second mxtures to formfirst and second feedstocks such
. that the anopunt that said feedstocks will shank after sintering differs one
fromthe other by less than about 1 % 5 using a first nold, conpression
nol ding the first feedstock to forma first green part, transferring said
first green part to a second nold and then m-ecting into said second nold a
gquantity of the second feedstock sufficient to forma conpound green part;
removi ng all lubricants and binders fromthe conpound green part to forma
powder skel eton; and 10 sintering the powder skeleton to form said conpound
sintered article, whereby said first and second functional properties
constitute a paRefemingfnowctd BIGal7 pecghemt emdostied Z¢ ttieat Hasoweenhfernygd by fully
functional property pairs consisting of magnetic-corrosion resistant,
cont r ol | edsyresupslirigys1hiv g miaterianiadm aasedord feedétyck for whicH eirtietylubhigintsswerengt h,
hi gh thermal conductivity-low thermal expansion, wear resistant-high
t oughness, cigssginr<d {hat aner eidriyig,1the lgredn im NG vould gHrink|bysd retativelysmai- hi gh
danpi ng capacity, high strength-good machinability, controlled
por osi t y- f ainognte(typicsillg bateenrabgd0etd andi20%NaBagirtiess bf (e dbsoidtecstBinkadgs’
t oughness, wear resistant-oxidation resistant, easy ~oinability-corrosion
resi st ant, asstdiateawithiaets Balang 71 gs8-ackaytreqlitetbnpot the ptocess that hepliftssewe f or
manuf acturing a cutting tool, conprising: 20 providing a first m xture of
powder ed npétieenltise twirdhilinkaige take® decatngast abegr sintering, 24  suitable for

use as a handl e;

After the removal of all lubricants and binders from the object seen in FIG. 7, the
resulting powder skeleton is sintered (between about 1,200 and 1,380 °C for between
about 30 and 180 minutes 1n vacuum or in hydrogen 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 (oniginally 61) 1s seen to have become
detached from 71 enabling it to move freely inside interior space 82. An example of a
structure of this type 1s an electrostatic motor (unfinished 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 made using a sacrificial layer to effect the detachment of 81 from 71.

FUNCTIONAL PROPERTIES

In the foregoing discussion we were concerned with combining, in a single
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provi di ng
sintering,

skel et on;

a second m xture of powdered materials, said m xture being,

after

suitable for serving as a cutting edge; adding |ubricants and
binders to said first and second m xtures to formfirst and 5 second
f eedst ocks such that the ampbunt that said feedstocks will shrink after
sintering differs one fromthe other by less than about 1 % using a first
nol d, conpression nolding the first feedstock to forma first green part
havi ng the shape of a handle; transferring said first green part to a
second nmold and then injecting into said 10 second nold a quantity of the
second feedstock having the shape of a cutting edge, thereby form ng,
together with the first green part, a second green part; renoving al
| ubri cant s cemtihubgs steeturd, twoot meres partsrttlatgrasiadiffgrantt phiysicél@ropentigso Vthersame
and sintering the powder skeleton thereby form ng the cutting
tool. 15 8prittigiepthatarsaudnstbeieray aiso w8 giphedtoiraciares aing tivo os tnore parts e of
powdered materials is selected fromthe group consisting of iron) al
i ron- based ttedt | dises in B8 RBBtichBESbSertiéL VBRluhetiteal sroperties wamibantprbpdriesthat
steels). 9. The ,process described in claim7 wherein said second m xture

of powder edré@jpiitatidhelaed s AltiRkigh furictional phepeftic Werit® f6miny £igal @hd @hémicap|
steels, water-hardening steels 25 (Type W, shock-resisting steels (Type

S), col d- werdpepfiere!they digitieR.a shibti®orRAd ofthe |&tedr antithe 5djetive ubdy Raddsknbdd gh
speed steels (Type T and M, nold steels (Type P), and tungsten carbide.

10. A processm iiirdedBRuIbrBk Wpplidhtion YoriwhicH ey 6@ TRIen86d)OThus, a given electrical

resistivity may be considered to be low when the application 1s for a resistor and high
when the application is for a conductor. Functional properties are therefore harder to

define but a definition must be provided for them to be meaningful.

We list below, as examples, a sernes of functional properties that are pertinent to

the present invention, together with their definitions. It will be realized that this list 1s not
complete and other functional properties could also be given to parts of a continuous
structure without departing from the spirit of the invention In most cases these definitions
are precise but, occasionally, they must, of necessity, be of a descriptive rather than a

quantitative nature:

magnetic — ferromagnetic
corrosion resistant — As defined in the ASTMG157-98 Standard Guide for
Evaluatmg"_the Corrosion Properties of Wrought lIron and Nickel-Based Corrosion

Resistant Alloys for the Chemical Process industries. Examples of materials that have

14



5 providing a first m xture of powdered materials, said m xture being,
after s~ntenng, suitable for use as a handle; providing a second m xture of
powdered naterials, said m xture being, after sintering, suitable for
serving as a wire drawi ng die; adding lubricants and binders to said first
and second mi xtures to formfirst and 7 second feedstocks such that the
anount that said feedstocks shrink after sintering differs one from one
anot her by less than about 1 % providing a third m xture of powdered
materials and adding thereto |lubricants and binders thereby formng a third
feedstock that will shank, after sintering, by an amount that exceeds the
anount that said first and second feedstocks shrink, after sintering, by at
| east 15 1(gokd esrasipnaresistante rnodiutie (bathmpoteigsitedntoBuct NigkelhdlidkekGopdeedetst ock
to forma first green part having the shape of a handle; transferring said
first greerMpeeli400pMansaldt-500), Midkdl-Gnmdmiune keg imcend! i6nF, inndrel $25)Nsks drod- nol d
a quantity of the third feedstock which is given a cylindrical pin-cushion
20 shape, tCGwrmbyn fegrimotny,DS,domtidyed25) danld Nibel-basext supestinypeagtNimans&0and
green part; 26 transferring said second green part to a third nold and
t hen rn~ectrng icattooliedipdrdsity ~athisohahifastslitself as g ralativeldensiy witth o deedgy 8¢k t hat
surrounds said cylindrical pin-cushion shaped portion of the second green
part, therelB0% of thempre-fregattenal beinh cohsidered dtigh gnadengitistof 58 -t90P4 beigg een
part;

considered Low

high thermal conductivity — greater than about 100 W/m.K

high density — greater than about 9,000 kg/m®

high strength — tensile greater than about 900 Mpa, yield greater than about 700
MPa.

low thermal expansion -- less than about 12 x 10° 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 AlSI 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

high hardness — greater than 50 HRC

high _toughriess - Based on Charpy or Izod testing, toughness is defined as the

energy per unit volume that can be absorbed by a material up to the point of fracture. High
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5 renoving all lubricants and binders fromthe third green part to forma
powder skel eton; sintering the powder skeleton; and renoving all materi al
. that was formed fromsaid third powdered m xture, thereby formng the wire
die. 10 11. The process described in claim21l0 wherein renoval of all
material that was formed fromsaid third powdered m xture is achi eved by
mechani cal or by chem cal neans. 12. The process described in claiml10
wherein said first m xture of powdered naterials is selected fromthe group
consisting of iron, all iron-based alloys, carbon steels, |ow alloyed
steels, and stainless steels). 15 13. The process described in claim10
wherein said second m xture of powdered materials is selected fromthe
group consitsughrgssimgliels a \aide greater than\ahvet - hanaldées/my steel s (Type W,
shock-resisting steels (Type S), cold-work steels (Type 0, A D and H), hot
wor k st eel s (TypehHiheltihg ptanisp gehterttieari abouT 18@0°T (frod midity atbd3Y H)eel s (Type
P), and 27 tungsten carbide. 14. The process described in claim10
wher ei n sai d t hioxidatigreesistantof ap tomterrosiomedsistardlaboves batlmeitadetd okygem dshthe gr oup
consi sting of waxes and thernoplastics. 15. A structure) conprising: 5 a
cont i nuous dooagivelagentf urt her conprises: a first part possessing a first
functional property, a second part possessing a second functional property
that is differeriasy poabiigi-cbased on experience but includes materials such as copper, silver,

and goid.

It follows from our earlier discussion of processes for forming continuous bodies
having muitiple parts, each of which has a different set of physical properties, that these
same processes 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

processes of the prior art are used for their manufacture.

The following lists 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 thé invention:

mag_netlc-cérrosnon resistant, controlled borosnty-high thermal conductivity, high

density-high strength, high thermal conductivity-low thermal expansion, wear resistant-high
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first functional property; said first and second parts having any shape
that can be fornmed by a nolding 10 process; and wherein said first and
second functional properties constitute a pair of functional properties
selected fromthe group of functional property pairs consisting of nagnetic
corrosion resistant, controlled porosity-high thermal conductivity, high
density-high strength, high thermal conductivity-|low thermal expansion,

wear resistant-high toughness, 15 controlled porosity-high strength, high
el asti ¢ nodul us- hi gh danpi ng capacity, high ' strength-good nmachinability,
controlled porosity-highly fatigue resistant, magnetic-non nmagnetic, - high
har dness- hi gh t oughness, wear resistant-oxidation resistant, easy

j oi nabi | i t yougbmessstantioliesHomsityrhigh stiendtiy Wighrelastin modstusdigh damping capagity,
porosity. 28 16. A structure, composing: a continuous body, having at

| east two piahtsirengthicgpodmachingbilityo comttplied prigsineRighly fptiguedesistant unraneter ot her
than to serve as an attachnent nmedium said parts having any shape that can
be formed Penanaanetic. fugtp harsiasss-high 1qughmpes, yeer cesigtantRxidation easistantceefiym 16
wherein the function that any given part is optimzed to performis

sel ect ed f jainabiltecorenion wsistanttenddow fnterngliiese-cortinlied Ppwsity.esi st ant
controll ed porosity, high thermal conductivity, high density, high
strength, low thermal expansion) wear resistant, high elastic nodufus, high
danpi ng capacity, good nachinability, fatigue resistant) high hardness)

hi gh t oughness, Thiugthenitiustratg theozppiication®f the preseérdmnveporstothe mapafagture of
jomability, and low internal stress . 18. The structure described in claim
16 further staotposs havicg twepstts dhat wawld topdingrilp doet difficult he combimet inra st@le A
cutting tool, conprising: 15 in one continuous body, a handle and a cutting
edge; continuous structure, we now describe two additional embodiments of the present

Invention.

in this embodiment we disclose a process and 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 I1s intended to become the handle is selected from materials such
as iron, and all iron-based alloys (such as carbon steels, low-alloyed steels and stainless

steels). See, for example, Metals Handbook, Volume 1, 10th edition 1990.
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sai d handl e having a shape and bei ng conposed of a material whereby ~t -s
optim zed for gripping a cutting edge and for being gripped; said cutting

. edge having a shap8 and bei ng conposed of a material whereby it is

optim zed for cutting; and 29 no other materials being present at any
interface between said handle and said cutting edge. 20. The cutting tool
described in claim 19 wherein said handle is selected fromthe group
consisting of iron, all iron-based alloys, carbon steels, |owalloyed
steels, and 5 stainless steels). 21. The cutting tool described in claim 19
wherein said cutting edge is selected fromthe group consisting of all tool
steels, water-hardening steels (Type W, shock-resisting steels (Type S),
col d-wor k st eel dsiremateriéis 1Bt thednikiure that wilideofileand sutbily pegdare 4ti @bl speed
steels (Type T and M, nold steels (Type P), and tungsten carbide. 10 22. A
Wi re draw ngedl, fcludingiwdter-higderiimy staéls CDyplel Wi ahiscor8istingisteadrgpedidcaldwi r e
drawi ng die; said handl e having a shape and bei ng conposed of a nateri al
wher eby it viark efeleisniTeesl Of A7 DgmEH)NHotawdTk isteelsTapé HY Higie speed stests DRiped
gapped; said wire drawi ng di e having a shape and bei ng conposed of a

mat eri al  weswday nidid steelsSToe Pnadeaingsten dadden Qetdils @h tiaen diassificatibe bf tool
materi als being present at any interface between said handle and said die.
23 The W r esteisumiappedbundde sTinelzddl (Ameticamird? amnd Bteei Institaie) hbadibdbok. | S

sel ected from 30 the group consisting of iron, al) iron-based all oys,
carbon steels, lowalloyed steels, and stainless steels). 24. The wre
drawi ng die described in claim?22 wherein said die is selected fromthe
group consi sti ngubfcantd ahd dindefLeleSadduil R edthr Godrd go Foee Feedstbris a'key
shock-resisting steels

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 i1s compression
molded to form a green part having the shape of a handle (shown schematically as 92 in
FIG. 9) which is then transferred to a second mold into which s injected a sufficient
quantity of the other feedstock for forming an extension to the green part in the shape of

a cutting edge (shown schematically as 91 in FIG. 9).

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

latter 1s sintered, as discussed earlier, to become the cutting tool.
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5 (Type S), cold-work steels (Type O, A D and H), hot work steels (Type
H), Hi gh speed steels (Type T and M, nold steels (Type P), and tungsten
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Also as before, lubricants and binders are added to these mixtures to form
feedstocks which, after sintering, will shrink by amounts that differ one from one another

by less than about 1%.

Additionally, a third feedstock is provided that has the key property that, after
sintering, it will shrink an amount that exceeds the amount that the first two feedstocks
shrink by'at least 10 %. In thus case the feedstock can be made from just binders,

including waxes such as paraffin wax and thermoplastics such as polyethylene.
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The appropriate feedstock is then compression molded to form a green part having
the shape of a handle (see 92 in FIG. 10), following which it is transferred to a second
mold into which is injected a sufficient quantity of the third feedstock to add to the green
part an extension having a cylindrical pin-cushion shape (see 94 in FIG. 10). This
modified green part is then transferred to a third mold into which is injected a sufficient

quantity of the last feedstock to surround the pin-cushion shaped extension (see 93 in FIG.

10).

All lubricants and binders are then removed so that the green part becomes a
powder skeleton which can be sintered to become a solid continuous material. After
sintering, the residue of materials that were originally part of the third feedstock can be

removed by mechanical and/or chemical means, resuiting 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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CLAIMS:
1. A process for manufacturing a compound sintered articie, comprising the sequential
steps of:

(a) providing a group of mixtures of powdered materials, each member of said group
having, after sintering, a functional praoperty that is different from any functional property
5 possessed, after sintering, by any other member of the group;
(b) adding lubricants and binders to all members of said mixtures group, thereby
farming 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

10 a green part;
(d) transferring said green part to a different moid and then injecting into said
different mold a quantity of a different feedstock, taken 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

15 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

20 are selected from the group consisting of magnetic, corrosion resistant, controlied 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 low internal stress .

3. A process for manufacturing a compound sintered article having a cavity,
cor;'xprlsing the sequential steps of:

(a) providing a group of mixtures of powdered materials, each member of said group
having, after sintering, a functional property that is different from any functional 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 first group of feedstocks, all of whose members shrink, after sintering, by
amounts that differ from one another by less than about 1%;

(c) 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 %;

(d) 1n @ mold, compression molding a feedstock from either feedstock group, to form
a green part;

(e) fransferring said green part to a different mold and then injecting into said
different mb!d a quéntlty of a different feedstock, taken from either feedstock group;

(f) repeating steps (d) and (e), each time using a different mold and a different

22
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feedstock, until all members of both feedstock groups have been molded, thereby forming

a final compound green part;

(g) removing all lubricants and binders from the final compound green part to form

a powder skeleton;
5 (n) sintering the powder skeleton; and

(i) removing all loose parts, thereby forming the compound sintered article.

4, The process described Iin claim 3 wherein said functional properties are selected
from the group consisting of magnetic, corrosion resistant, controlied porosity, high thermal
conductivity, high density, high strength, low thermal expansion, wear resistant, high
0 elastic modulus, high damping capacity, good machinability, fatigue resistant, high

hardness, high toughness, high melting point, oxidation resistant, easy joinability, and low

internal stress .

5. The process described in claim 3 wherein the removal of loose parts 1s achieved

by mechanical or by cheémical means.

15 6. A process for manufacturing a compound sintered article, comprising:
providing a first mixture of powdered materials, said mixture having, after sintering,
a first funcfipnal property;

providing a second mixture of powdered materials, said mixture having, after
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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%;
5 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 guantity 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
10 sintering the powder skeleton to form said compound sintered article, whereby said
first and second functiona! 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 toughness, controlied porosity-
18 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 .
7. A pchess fc.:r manufacturing a cutting tool, comprising:

20 providing a first mixture of powdered materials, said mixture being, after sintering,
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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 njecting 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.

8. The process described in claim 7 wherein said first mixture of powdered materials
is selected from the group consisting of iron, all ron-based alloys, carbon steels, low-

alloyed steels, and stainless steeis).

9. The process described in claih 7 wherein said second mixture of powdered

materials 1s selected from the group consisting of all tool steels, water-hardening steels
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(Type W), shock-resisting steels (Type S), cold-work steels (Type O, A, D and H), hot-

work steels (Type H), High speed steels (Type T and M), mold steels (Type P), and

tungsten carbide.

10. | A process for manufacturing a wire die, comprising:
5 providing a first mixture of powdered materials, said mixture being, after sintering,
sunltable for use as a handle;
providing a second mixture of powdered materials, said mixture being, after
sintering, suitable for serving as a wire drawing die;
adding lubricants and binders to said first and second mixtures to form first and
0 second feedstocks such that the amount that said feedstocks shrink after sintering differs
one from one another by less than about 1%;
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
15 10 %;
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 mdl_d a qL;antlty of the third feédstock which 1s given a cylindrical pin-cushion

20 shape, thereby forming, together with the first green part, a second green part;
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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;
5 removing all lubricants and binders from the third green part to form a powder
skeleton;
sintering the powder skeleton; and

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

forming the wire die.

10 11.  The process described in claim 10 wheremn removal of all material that was formed

from said third powdered mixture is achieved by mechanical or by chemical means.

12.  The process described in claim 10 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 stainiess steeils).

15 13. The process described in claim 10 wherein said second mixture of powdered
materials is selected from the group consisting of all tool steeis, water-hardening steels
(Type W),-‘ShOCk-FESlSting steels (Type S), cold-work steels (Type O, A, D and H), hot-

work steels (Type H), High speed steels (Type T and M), mold steels (Type P), and
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tungsten carbide.

14. The process described in claim 10 wherein said third mixture of powdered materials

is selected from the group consisting of waxes and thermoplastics.

16. A structure, comprising:
5 | a continuous body that further comprises:
a first part possessing a first functional property,
a second part possessing a second functional property that is different from said

first functional property;

said first and second parts having any shape that can be formed by a molding

10 process; and
wherein 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 toughness,
15 controlled porosity-high strength, high elastic modulus-high damping capacity, high
strength-good machinability, controlled porosity-hughly fatigue resistant, magnetic-non- T
magnetic,  high hardness-high toughness, wear resistant-oxidation resistant, easy

joinability-'qorrosion resistant, and low mternal stress-controlied porosity.
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16. A structure, comprising:

a continuous body, having at least two parts, each such part being optimized to
perform a function other than to serve as an attachment medium, said parts having any

shape that can be formed by a molding process.

5 17. The structure described in claim 16 wherein the function that any given part is
opt.imized to perform 1s 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, fatigue resistant, high hardness, high toughness, high melting point,

‘0 oxidation resistant, easy joinability, and low internal stress .

18.  The structure described in claim 16 further comprising at least one cavity as part

of the structure

19. A cutting tool, comprising:
15 in one continuous body, a handle and a cutting edge;
said handle having a shape and being composed of a matenal whereby it 1s
optimized for gripping a cutting edge and for being gripped;
sand_cuttiné edge having a shapé and being composed of a material whereby it is

optimized for cutting; and
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no other materials being present at any interface between said handle and said

cutting edge.

20. The cutting tool described in claim 19 wherein said handle 1s selected from the

group cansisting of ron, all iron-based alloys, carbon steels, low-alloyed steeis, and

5 stainless steels).

21.  The cutting tool described in claim 19 wherein said cutting edge 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 H), hot-work steels (Type H), High

speed steels (Type T and M), mold steels (Type P), and tungsten carbide.

10 22. A wire drawing die, comprising:
in one continuous bedy, a handle and a wire drawing die;
said handle having a shape and being composed of 2 material whereby it is
optimized for gripping awire drawing die and for being gripped:;

said wire drawing die having a shape and being composed of a material whereby

15 it is optimized for drawing wire; and

no other materials being present at any interface between said handie and said die.

23  The wire drawing die described in claim 22 wherein said handle is selected from
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24.  The wire drawing die described in claim 22 wherein said die is selected from the

group consisting of all tool steels, water-hardening steels (Type W), shock-resisting steels
5 (Type 8), cold-work steels (Type O, A, D and H), hot-work steels (Type H), High speed

steels (Type T and M), mold steels (Type P), and tungsten carbide.
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