METHOD TO FORM MULTI - MATERI AL COMPONENTS Continuation in part of application
nunmber 091733, 527 which was filed 12/11/00. FIELD OF THE | NVENTI ON The
invention relates to the general field of powder netallurgy and conpression
nol ding with particular reference to form ng conpl ex structures. BACKGROUND
OF THE | NVENTI ON The production of nmetal or ceram c conponents using powder
injection nolding (PIM processes is well known. The powder is mxed with
the binder to produce a m xture that can be nolded into the desired part.
The bi nder nmust have suitable flow properties to permt injection into a
tooling cavity and formng of the part. The nolded part is usually an
oversized replica of the final part. It is subjected to debinding where the
bi nder is renoved without disturbing the powder orientation. After the

bi nder is renoved, tMETHOD TOFGRMMULTHMATERIALGRMPONENTSCcess that results
in part densification to a desired |l evel. The parts produced by PIM may be
conplex in geonetry. They also tend to be nade of a single material. For

exanpl e, an ort Qed@iiation i parketapphcation nuetber 08/733,627 whichtwasfiles $2/81/00] usi ng
PIM technol ogy. There is, however, a need for objects, formed by PIM that
contain multiple parts,

- FIELD OF THE INVENTION

The invention relates to the general field of powder metallurgy and compression

molding with particular reference to forming complex structures.

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 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 is 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 aisc tend to be
made of a single material. For example, an orthodontic bracket can be made of 316L
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each of which is a different material whose properties differ fromthose of
its imediate neighbors. The prior art practice has been to formeach such
part separately and to then conbine themin the finished product using
costly wel ding operations or nmechanical fitting nethods to bond these
different parts of different materials together. The basic approach that the
present invention takes to solving this problemis schematically illustrated
in FIG. la and 1b. In FIG la, 11 and 12 represent two green objects having
di fferent physical properties and formed by PIM FIG |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 sinple press fit between the

11 and 12 giagidsshied usingFimescriRidgyat the final object was not a continuous
body. An obvious inprovenment over welding or simlar approaches woul d appear

to have been to sinter 11 and 12 while they were in contact wth one
another. In practice, such an approach has usually not succeeded due to a

failure of the fy0eRdhbwe é? 2'nee fdr)bb}é%dfonﬂé'& b{f‘g IN] tREEEd mmﬁlé)ﬁé‘r%e”t

i nventi on teaches how pr obl ens o hi's sort can overconme so that

different pa (ﬁ?fﬂ&gﬁ i3 ol th@téu{‘@%b@&gf&g&@@&%ﬁﬁer%ﬁﬁhﬁé& oPLRfddiRE can 2

be integrate orm a single continuou
nenghbors. The prior art practice has been to form each such part separately and to then

combine them in the finished product using costly weiding operations or mechanical fitting

methods to bond these different parts of different materials together.

The basic approach that the present invention takes to solving this problem is
schematically iilustrated in FIGs. 12 and 1b. InFIG. 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 singie object. 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).
Altemnmately, 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 sinté(ing. 'fhe present invention teaches how problems of this sort can be

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



A routine search of the prior art was perfornmed with the follow ng reference
of interest being found: In "Conposite parts by powder injection nolding",
Advances in powder netallurgy and particulate materials, vol. 5, pp 19-171
to 19-178, 1996, Andrea Pest at W discuss the problens of sintering
together parts that conprise nore than one material. They show that contro
of shrinkage during sintering is inportant but other factors (to be

di scussed bel ow) are not nentioned. SUMVARY OF THE I NVENTION It has been an
obj ect of the present invention to provide a process for the formation of a
continuous body having nultiple 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 achie ' J ' | di ng together with careful

control of \St‘__éﬁ%tggréa?é?ttpggﬂg%gﬁﬁlgadéigﬁlﬁ%%;bog? the various parts. Additionally,
for the case where it is the physical properties that differ between parts,
care is taken to ensure that only certain sel ected physical properties are

allowed to differ between th art ile others. al-t er raoygh
relatively snal rEHtﬁ}?g%?r?rhofwg pé'(?ﬁ*ﬁ\é@ﬁsi %‘?{%@eg H’ét_m&g%g%@xsrg%éé ° C’x\not her
obj ect has  Reen: b RUhd!Gn BRSNS ph! bf BoRuBlimddlof Bl AdILEREH

powder metallurgy and particulate materials, vol. 5, pp 18-171 to 18-178, 1996, Andrea

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 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 conir_o! of the relative shrinkage rates of the various parts. Additionally, for the

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



operation, an object that is contained within an enclosure while not being
attached to said enclosure. This object has been achi eved by neans of powder
i njection nolding 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 PTION OF THE DRAWNGS FIGs. |a
and Ib illustrate two contiguous parts, nmade of different nmaterials, before
and after sintering respectively. FIGs..2a and 2b show steps in the process
of the present invention. 4 FIG 3 is an isonmetric view of the object seen in
cross-section in FIG 2b. FIG 4 is a plan view of an object that has three
parts, one non-magnetic, one a hard nmagnet, and one a soft magnet. FIG 5 is
a Cr oss- sedhatonlytcakain stlected ghysidatproperties arefalibWéx teldiffet fstweén the @arisivhilet r at e
steps in the process of the second enbodi nent wherein an object is forned

i nsi de an ejfitdrostae beFhltered thfvans relativéiy i sngallt citdnglesrinewet duntpeghioapssl iheat i on
of the present invention.

feedstocks used.

Another object has been to provide a process for forming, in a single integrated
operation, an object that is contained within an enclosure while not being attached to said

enclosure.

This object has been achieved by means of powder injection molding 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 from the enclosure,

being free to move around therein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1a and 1b iliustrate two contiguous parts, made of different materiais, before

and after sintering, respectively.

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



FIG 10 shows a wire die formed through application of the present invention.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Thi s i nvention describes a novel
met hod of manufacturing nulti-material conponents using powder injection
nmol di ng processes. Injection nolding of differ- ent-material articles is an
economcally attractive nethod for manufacturing finished articles of
commercial 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 mxed wth [ubricants and
bi nders to forma feedstock. Essentially any organic material which wll
deconpose under el evated tenperatures w thout |eaving an undesired residue
that will be deflS Aenealisometitdey oberatiass segn ineosteiegtioninflel 8, can be
used. Preferred nmaterials are various organic polyners such as stearic

aci ds, mcropul var wax, paraffin wax and pol yethylene. Stearic acid serves
as a lubricant while all the other materials nay be used as binders. The
anmount and nat UFIS. @f istehplah iviesieof/ drudibjéat dimdt Hak dltree padd.da® nan-megnetisoomea wi | |
determ ne the viscosity of the feedstock and the ampbunt of shrinkage that
wi || occuhatimagreetsarmd are angoft Mageett he f eedst ock has been prepared, it is
injected into a suitable nold. The

FIG. 5 is a cross-section taken through the center of FIG. 4.

FiGs. 6 to 8 iliustrate steps in the process of the second embodiment wherein an

object is formed inside an enclosure.

FIG. 9 shows a cutting toot formed through application of the present invention.

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

DESCRIPTION OF THE PREFERRED EMBODIMENTS

This invention describes a novel method of manufacturing muiti-material
component$s using powder injection molding processes. Injection molding of differ-
ent-materiai_anicles' is an economicaily attractive method for manufacfuring finished

articles of commercial values due to its high production capaci‘ty and net shape capability.



resulting 'green' object is then ejected fromthe nold. It has sufficient
mechani cal strength to retain its shape during handling while the binder is
renoved by heating or through use of a solvent. The resulting 'skeleton' is
then placed in a sintering furnace and, typically, heated at a tenperature
bet ween about 1,200 and 1,350 C for between about 30 and 180 mnutes in
hydr ogen or vacuum As already noted, attenpts to form single objects
containing parts made of different naterials have usually been limted
to'formng the parts separately and joining themtogether later. This has
been because green parts nmade of different materials could not 6 be relied
upon to always bond properly during the sintering process. The present

i nvention teaches that failure to bond during sintering cones about because

(i) the shri nkafds well kpewpigrthesegkilied indhe,ad the baaie precequre fordgrmieg eintereth a
critical anount and (ii) certain physical properties differ between the
parts. By amiglesasito tirskprovideghe sequired meateizi i pewdergd drar t Tlis pewgdebis tagn t e
different between the parts with little or no effect on bondi ng. Physi cal
pr oper t i esmiXedtwithdabricaptsoand thipdera tefoom afeedsteck. | Esspotialiyoanydirganic siatesiabccur
I nclude (but are not limted to) coefficient of thermal expansion and nelting
poi nt, whiwaichwilbgeomipese trider elevsted tdniparaturesivatioutiebdng ian gnbesitidirgsidume | ude
(but are not Limted to) electrical

that will be detrimental to the properties of the metal articles, can be used. Preferred

materiais are various organic polymers such as stearic acids, micropulvar wax, paraffin

wax and polyethylene. Stearic acid serves as a lubricant while all the other materials may

be used as binders. The amount and nature of the binder/iubricant that is added to the

powder will determine the viscosity of the feedstock and the amount of shrinkage that will

occur during sintering.

Once the feedstock has been prepared, it is injected into a suitable mold. The
resulting ‘green’ object is then ejected from the mold. It has sufficient mechanical strength
to retain its shape during handiing while the binder is removed by heating or through use
of a solvent. The resulting ‘skeleton’ is then placed in a sintering 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
materiais hé_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



conductivity, magnetic coercivity, dielectric constant, thermal conductivity,
Young's nodulus, hardness, and reflectivity. In cases that are well 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 nuch. 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 the powders
that were used to formthe feedstocks 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 %
whil e the nean particle size for both powders should be in the range of about

1to40 m As . an exa edsto be soft material (say
ow car bonb 1< PR Shuaus HBnS praper e sEFH0 P iReSr 1 ol such as hi gh
carbon iron, then alloying the | ow carbon iron with specific anount of
carbon wi Il enhance hardenability and neet the requirenment of high carbon
iron. In so doing, both powders are still simlar and have _ sim | ar shrinkage

rates. This wi IThegPr\?ée’Ftl 'Q\EQ’F'S” dersHeD Hird falyreio RS AU RG SINKRriNEEARESALLUWNI | e

having different properties
because (i) the shrinkage of the parts differs one from the other by more than a critical

amount and (ii) certain physical properties differ between the parts.

By the same token, certain other physical properties may be quite different between

the parts with little or no effect on bonding.

Physicaf properties that need to be the same or similar if good bonding is to occur
include (but are not limited to) coefficient of thermal expansion and melting point, while
properties that may differ without affecting bonding include (but are not limited to) electrical
conductivity, magnetic coercivity, dielectric constant, thermal conductivity, Young's

modulus, hardness, and reflectivity.

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 anocther by very much.
Typically, the two mixtures would differ in chemical composition by less than about 25

percent of dlt ingredients.

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



Simlarly, if one material is |ow carbon iron and another is stainless steel,
then blending the master alloy of the stainless steel wth an appropriate
anount of iron powder to formthe required stainless steel conposition can
bring the overall powder characteris- tics closer to each other. For exanple,
If two materials are 316L Stainless Steel and |ow carbon iron. Then the
approach is to blend one third of master alloy of 316L with two-third of |ow
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 material first. The nolded article
Is atransferred to another tooling in another single barrel machine of
another material to form the desired article though a manual pick-and-pl ace
oper at i on ¥rtheyweSRRY shareohBiiarccharasteristing Sueh @ RtiplecteRe. eRre 1288 $78 carri ed
out on a twin-barrel injection machine to nold a conplete article with two
mat eri al s Qipttiputiona Toe tapl densities efiae twp powsiatsaPRE MOt BiEfelpy more thas ebawtaddt hi s
enbodi ment through reference to FIGs. 2a and 2b, but it should be understood
that the p¥oeriesthe meanpartitiessteins both pawtiese sitiaitd beyin thi cangexgi@boftor m40 si ze,
etc. of the structure that is formed. The first step is the preparation of a
first feedwmicomks. This is acconplished by addi ng

As an exampie, if one part needs to be soft material (say low carbon iron), and
anc;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 éive rise to good bonding between the two materials while having different

properties.

Similarly, if one material is low carbon iron and another is stainless steel, then
blending the master alloy of the stainless steel with an appropriate amount of iron powder
to form the required stainless steel composition can briAng the overall powder characteris-
tics closer to each other.'For exampile, if two materials are 316L Stainiess Steel and low
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 ihat mot-ding of a two-materia article can be achieved in one tooling of one or

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



| 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
chromium 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 conpression nolded to formfirst
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
addi ng lubricants and bindérs to a mxture 9 of powders consisting, by

wei ght, of about 0.05 percent carbon, about 15 percent chrom um about 0.5
percent manganese, about 0.5 percent silicon, about 0.3 percent niobium
about 14 percent nickel, and about 70 percent iron. It is inportant that the
| ubr i cant stramglemedig@nsthar tlecingds enethemnsingle bemelrmaghingsoftangthee material tafam aft er
sintering, the difference in the amounts. the two feedstocks shrink is |ess
t han about the%dlesired artidle trohgh akegreiab pivkeandipiace dpgration loe by eaeg awsbolst &mher e
that al though the two feedstocks have the same conposition except that 10%
of iron ha¥heewidingepbesssdaih plsaweadcied aubhah at@r-odrrelingémion mMEchmertelmald ael y
smal|l change in chem cal conposition | eaves the key physical properties
associ at edcomplete anicieadsftwio matsetials wipinumnsihglegeslingut i nt roduces a si gni fi cant
change in the nagnetic

1* embodiment

We will illustrate this embodiment 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 the structure that is formed.

The first step is the preparation of a first feedstock. This is accomplished by adding
lubricants and binders (as discussed earlier) to a mixture of powders. The latter consist,
by weight, of about 0.05 percent carbon, about 15 percent chromium, about 0.5 percent
manganese, about 0.5 pefcent 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 holiow center.

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



properties. Next, first green part 21 is transferred to a second nold into
which is then injected a sufficient quantity of the second feedstock to
conplete the structure shown in FIG 2b through the placenent of 23 around
ring 21. Once the final 'conpound' green object has been forned, all

| ubri cants/binders are renoved, in ways discussed earlier, resulting in a
powder skel eton which can then be sintered so that it becones a conti nuous
body havi ng both magnetic and non-magnetic parts. Because of the conpositions
of the originals powders fromwhich the two 10 feedstocks were fornmed, 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 perpeability (p max) between about 800 and
1,500. In Pl @WwdergeCisisinanby sighty Pt abPdvP-8P Rereeny N ABOHt 1A AEFEENt2b wit h
the addition of rod 33 which is free to nove back and forth through hole 22.
| f rod 33 iBramigmeabeut 0.§ percgpsTanganese| ARy 8-S RErENt Siligon.capul OFePEeAM r ol | ed
by means of an applied magnetic field generated by an external coil (not
shown) . Si AEwiyarabort 14 pesrery nirkgh @NP @bedt &9 ipgrcent fromy (1Y is impertany thatdbee f or
concentrating this agpl ied field. Rod 33 could be forned separately or it
coul d be f &4brieents and pinderssarp Arasept inponeentwtjprs bat epswe thet. aftengnieriogdbe, usi ng
t he met hod -
difference in the amounts the two feedstocks shrink is less than about 1% of total

shrinkage experienced by either one.

We note here that although the two feedstocks have the same composition except
that 10% of iron has beenreplaced by an additional 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 fina! ‘compound’ green object has been formed, all lubricants/binders are T
removed, in ways-discussed earlier, resulting in a powder skeieton which can then be
sintered so.t_hat it becomes a continuous body héving both magnetic and non-magnetic

parts. Because of the compositions of the originals poWders from which the two
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to be described | ater under the second enbodi nent. As already inplied, the
formation of a continuous body having nultiple parts, each wth different
properties, need not be limted to two such parts. In FIG 4 we show a plan
vi ew of an object having three parts, each with different properties. A
parts are concentric rings. At the center of the structure is opening 44
that is surrounded by inner ring 43. Ring 43 is non-nagnetic. It is
surrounded by ring 41 that is a soft magnet. Its inner portion has the sane
thi ckness 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 spft net refers tq.a ial. havi 1 |l ow coercivity.with

i gh honeieesEaareLe fmetmar i BRe bt et e thrihe s fteS Bk & adried
having a hi gh coercivity. Tfe}e structur§ seen in FIGs, 4 and 5 is nmade by
fitting haieedhet 8 d%?r‘é?ﬂ’ rom;thp SECRNE'§AASIA% & Mdte I ﬁmse@rmu'qfaﬁxf'ﬂmaﬁte? 41 and
43 have been formed., The reason for adding a ring of nm netical_la/ har d

mat eri al t B2ANGYGRAT 1A MAXIMy PRMARPHEY (ignan petwean oyt &PQ?”"S"F’Q - to be able

to provide a permanent bias for the applied external nagnetic field. 2nd
enbodi nent

InF IG. 3 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
pos.ition relative to hole 22 could be controlled by means of an applied magnetic field
generated by an external coil {not shown). Since part 21 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

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 is non-magnetic. It is surrounded 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:’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
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In this enbodi mrent we disclose a process for formng, 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 enbodi nent, the process
is illustrated through an exanple but it will be understood 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 forned 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 relatively large anount (typically between about 20
and 50% . 12 Referring nowto FIG 7 we show enclosure 71 that has been
formed by fully surrounding 61 with material froma second feedstock for

whi ch binders/lubricants were chosen so that fter sinterin th reen
form of 71 RCHSSHA NPyoh Maghats saripleediie Brisim Flyientt roetdedhen
about 10 and 20@%.,F@€ﬁrﬂless.of t he absol ute shrinkages associated with
parts 61 dngterel higwng FnigncoeravVili renent of the process that the difference
bet ween the two shrinkage rates be at |least 10 % After the renoval of al

| ubricants and binders fromthe object seen in FIG 7, the resulting powder

skeleton is sintered gbet ween about 1,200 and 1,380 C for between
The structure seen in FIGs. 4 and & is made by fitting hard magnet 42 (made

sepa fately) 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. 3 is

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

by a relativély large amount (typically between about 20 and S0%).
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about 30 and 180 m nutes in vacuumor 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 (originally
61) is seen to have become detached from 71 enabling it to nove freely
inside interior space 82. An exanple of a structure of this type is an

el ectrostatic notor (unfinished at this stage) in which 71 will ultimtely
serve as the stator and 81 as the rotor. In the prior art, such structures
had to be nade using a sacrificial layer to effect the detachnent of 81 from
71. FUNCTI ONAL PROPERTIES In the foregoing discussion we were concerned with
conbining, in a single 13 continuous structure, two or nore parts that had

di fferent physi ro ertl he samne ri ncipl es tau ht, t here may
al so be appli ed'r(‘% E'lg EiGhiW%a“Q%"@PS%r@ g’éﬁ’ E‘P f"‘glh their
functional properties. By funcil onal proPertl es_We nean pro ert| es that are
appl i cati ofUFRHNEingH1 With MARIIR! M F55RaH 19RASISK forIchbingersHRS AR SR al  and
chem cal properties, they are often a subtle blend of the latter and the

adj ective GBRIEN TP H’@écﬁﬂi%é'mﬁrmrﬁ'\ﬁi green &5y 7Inwewd SRRk Py atreieHvelpsmali ch
they are intended. Thus, given electrical _resistivity may be considered to
be | ow wheAMOKEL ﬁ%ﬁ“&‘é’ﬂ"(ﬁ?ﬂ apoup 10 2nd @9Fkd &EQQFR!P%C&HW M‘Pt? 1$871BKAIPE cat i on

is for a conductor. Functional properties are therefore harder to
associated with parts 61 and 71, it is a key requirement of the process that the difference

between the two shrinkage rates be at least 10 %.

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 160 minutes in 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 jn FIG. 8 where part 81 (originally 61) 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 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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define but a definition nust be provided for themto be neaningful. W [|ist
bel ow, 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 other functional properties could also be
given to parts of a continuous structure without departing fromthe spirit
of the invention. In nost cases these definitions are precise but,
occasionally, they nmust, of necessity, be of a descriptive rather than a
guantitative nature: magnetic - ferromagnetic corrosion resistant - As
defined in the ASTMGL57-98 Standard Guide for Evaluating the Corrosion
Properties of Wought Iron and N ckel -Based Corrosion Resistant Alloys for
t he Chem cal Process Industries. Exanples of materials that have 14 good
corrosi on reestinyossstuGtyrel twhor(ere pags that hvad differes)t ppysical Nrapegties. NihelsameCopper
(eg Monel 400, Mnel K-500), Nickel-Chromum (eg Inconel 617, Inconel 625)
Ni ckel - | r orprinCipfesithal @re( tagght theod oy BiSp be applledyto 8R@dtyreamdviNg twe br inasauirnts
superal l oys (eg Ninmonic BOA) controlled porosity - this nanifests itself as a
rel ati ve dehst differ imthelr fanctiemes ptopefiies- BYG@Rdtionaltpnapapiesewé mean pedpEries!thatei ng
consi dered High and densities of 50 - 90% being considered Low

are appiication related. Although functional properties derive from physical and chemical

propérues, -they aré often a subtle blend of the latter and the adjective used to describe
them will depend on the application for which they are intended. Thus, a given electrical
res'istivity may be considered to be low when the application is 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 series of functional properties that are pertinent to
the present invention, together with their definitions. It will be realiied that this list is not
compiete 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 ratherA than a

quantitative nature:

magnetic — ferromagnetic
corrosion resistant — As defined in the ASTMG157-98 Standard Guide for
Evaluating.ghe Corrosion Properties of Wrought Iron and Nickel-Based Corrosion

Resistant Alloys for the Chemical Process Industries. Examples of materials that have
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hi gh thermal conductivity - greater than about 100 Wm K high density -
greater than about 9,000 kgl nB high strength - tensile greater than about 900
Mpa, yield greater than about 700 MPa. | ow thermal expansion - |ess than
about 12 x 10-5 K wear resistant - having a hardness val ue | ess than about
50 HRC high elastic nodulus - greater than 200 GPa hi gh danping capacity -
| oss of 25% or nore of stored energy per cycle good machinability - using
Al SI 1212 as a guide, steel is rated 100%with a value in excess of 50%
bei ng considered good highly fatigue resistant - able to withstand at | east
108 cycles of alternating standard and zero |oads higtf hardness - greater
than 50 HRC hi gh toughness - Based on Charpy or |zod testing, toughness is
defined as the er unit volune that can be absorbed by a material up
CqTaRA i o

to the poi nd9%t ‘S'WCSH”TBd? S ARk Yiteq i) Riye Nigkal, ickghLanger {89an
about 1 x élg5|?1 kdl.O% \l(n%%/a K- 508 Nlckel ChronElSll'nnte _Inc%rrlglaé%r Irgc%?lgl g:?souhglckle(lsggrg (iron
nelts at 15¥9neh4 (eg )
Chromium (eg incoloy DS, Incoloy 825), and Nickel-based superalloys (eg Nimonic 80A)
controlied porosity - this manifests itself as a relative density, with a density 90 -
100% of the pore-free material being considered High and densities of 50 - 80% being
considered Low -
high thermal conductivity — greater than about 100 Wim.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 toughﬁess — Based on Charpy or 1zod 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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oxidation resistant - as for corrosion resistant above, but Iimted to oxygen
as the corrosive agent easy joinability - based on experience but includes
materials such as copper, silver, and gold. It follows fromour earlier
di scussi on of processes for form ng continuous bodies having multiple parts,
each of which has a different set of physical properties, that these sane
processes nmaybe adapted to form ng continuous bodies having multiple parts,
each of which has a different set of functional properties. Wile in the
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 and/or expensive to conbine in a single continyous body when
processes ofougheessyimpliesa valyegrepierdhan abewreil X l@adgcbdesﬁne.. The fol | owi ng
| ists some exanples of functional pairs of this type, it being understood
t hat ot her functhighaeltingipointcogredtepthaadcaedt 160’ ki (son melts @t tHuiCldeparti ng
fromthe spirit of the invention: magnetic-corrosion resistant, controlled
por osi ty- hi gh t hexigaiibn casistant i a4 foy cornesign redistast apovsi, it Ignitegrigokygemi agithe her nal
conductivity-1low thermal expansion, wear resistant-high 16

corrosive agent

easy joinability —based on experience but includes materials such as copper, silver,

and goid.

It follows from cur earlier discussion of prccesses 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 multipie 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 oniy two functionally different parts are involved, said two different functions
being particulariy 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 exampies 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:

magljetic-cb'rrosion resistant, controlled borosity-high thermal conductivity, high

density-high strength, high thermal conductivity-low thermal expansion, wear resistant-high
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t oughness, controlled porosity-high strength, high elastic nodul us-high
danpi ng capaci'ty, high strength-good machinability, controlled
porosity-highly fatigue resistant, magnetic- non-nagnetic, high hardness-high
t oughness, wear resistant-oxidation resistant, easy joinability-corrosion
resistant, and low internal 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
continuous structure, we now describe two additional enbodi nents of the
present invention. 3rd enbodinent In this enbodi nent we di scl ose a process
and structure for formng a cutting tool. As in the first and second

Lo PSR B M BB RS o o

of two m X es of
Sinteri ES:h i ifehays “01:%12@%%?%%%3 F§%tﬁ%§@@§sﬁv%be?bé‘% ﬁetafsf%%%' R ﬁﬁé h
0§ Fon, | aarafadrehe, g caBnarr BEE bhried oar rBef Sofetidion BREER) B55h o ool <

and Stal il eos 53 S8 Shen RBark ot ML MEZL S BIIRRKG, Vo e 1. 10t

e

)

o=

To further illustrate the application of the present invention to the manufacture of
structures having two parts that would ordinarily be difficult to combine in a single
continuous structure, we now describe two additional embodiments of the present

invention.

3rd embodiment

in this embodiment we disclose a process and structure for forming a cutting toot.
As in the first and second embodiments, the process of the third embodiment begins with
the provision of two rixtures 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 handie is selected from materials such
asiron and ali iron-based alloys (such as carbon steels, low-alioyed steels and stainless

steels). See, for example, Metals Handbook, Volume 1, 10th edition 1990.
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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 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. Details-on the classification of tool steels may.be found
ininthe AISI (Anmerican Iron and Steel Institute) handbook, Lubricants and
bi nders are added to each m xture to form feedstocks, a key requirenent
being that the anpbunt that said feedstocks will shrink after sintering
differs one fromthe other by less than about 1 % Then, the appropriate
feedstock is conpression nolded to forma green part having the shape of a
handl e (shown schematically as 92 in FIG QL which is then transferred to a
second nol d i nt Feasikthmaterialy) fot thegmixtuse that wil h?w"m@ﬁtquttyigcﬁdgﬂ?ée ol tra
feedstock for formng an extension to the green part in the shape of a
cutting ed§teels mwr@df?éwdﬁar@mmg/staglsﬁynm | sheckoyesisting steeteltfypaS) op!dal |
| ubri cants and binders g}ahereby form ng powder skeleton), the letter is
sintered, X¥rigsteeissdape &ary Pand H)oh@ee@#étmﬁdnﬁﬁ)n'gighéaﬁed sigelst(hyrerbodi nent
In this enbodi nrent we disclose a process and structure for formng a wre
die. As i @ndHid), maid seals (@yed) arhitungsten saghide: detailsfort the clasaificatioprah deti! nent
begins with the

J steels may.be found in in the AlISI (American Iron and Steel Institute) handbook.

Lubricants and binders are added to each mixture to form feedstocks, 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
molded to fonﬁ a green part having the shape of a handle (shown schematically as 92 in
FIG. 8) which is then transferred to a second mold 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 schematically as 91 in FIG. 9).

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

latter is sintered, as dis¢ussed earlier, to become the cutting tool.
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provi sion of two m xtures of powdered materials. One the these m xtures wll,
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,

| ow-al | oyed steels and 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 0, A, D and H), hot-work steels (Type H),
High speed steels (Type T and M, nold steels (Type P), and tungsten
carbide. Also as before, lubricants and binders are added to these m xtures
to form feedstocks which, after sintering, wll shrink by anmbunts 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 sbrink an anmpbunt that exceeds tlﬂé-@tﬂmmﬁmlhat the first two feedstocks

shrink by at least 10 % In this case the feedstock can be made from j ust
bi nders, including waxes such as paraffin wax and thernopl astics such as
pol yet hyl ene. 19 The agpr_opri ate feedstock is then conpression nolded to form
a green part havinijs emhedimprtye dsclesenmprgrcess andestaptyre fqrferminga wireslig. odé ng
which it is transferred to a second nold into which is injected a sufficient
quant ity of int e previods feadgdimarits, tthe dferess of e fpustnembodiment begins with the
provision-of two mixtures of powdered materials. One the these mixtures will, after
sintering, be well suited for use as a handie and is selected from the group consisting of
iron, and all iron-based alloys (such as carbon steels, low-alloyed steels and stainless
steels) while the other will be well suited to serve as a die, being selected from the group
consisting of all tool steels, including water-hardening steels (Type W), shock-resisting
steels (Type S), cold-work steeis (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.

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 sbrink an amount that exceeds the amount 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 therméplastics such as polyethylene.
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part an extension having a cylindrical pin-cushion shape (see 94 in FIG 10).
This nodified green part is then transferred to a third nmold into which is
injected a sufficient quantity of the last feedstock to surround the

pi n- cushi on shaped extension (see 93 in FIG 10).. Al lubricants and

bi nders are then renoved so that the green part becones a powder skel eton
whi ch can be sintered to becone a solid continuous material. After
sintering, the residue of materials that were originally part of the third
feedstock can be renoved by nechanical and/or chem cal neans, resulting in
formation of the die cavity -(shown schematically as 94 in FIG 10). Wile
the invention has been particularly shown and described with reference to
the preferred enbodi ments thereof, it will be understood by those skilled in
the art that vahe spRropristetgedstook is themcamgression rioidesdy fdse argreen watt aving
departing fromthe spirit and scope of the invention. 20 CLAIMS, A process
f or manuf adheishape of abanpbe (skesIZhindried10) fallowaghelvicmg initremsietrsd to @ eegondsi ng
the sequential steps of'. (a) providing a group of m xtures of powdered

mat eri al s, nead mtoraniebris rjecssd al sgfficiant 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 skeléton 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, 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 inverjtion.
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having, after sintering, a functional property that is different from any
functional property possessed, after sintering, by any other menber of the
group: (b) adding lubricants and binders to all nenbers of said m xtures
group, thereby formng a first group of feedstocks, all of whose nenbers
shrink, after sintering, by anmounts that differ fromone another by |ess
than about I % (c) formng a second group of feedstocks that will shrink,
after sintering, by an anount that exceeds the anount that any nenber of
said first feedstock group shrinks, after sintering, by at least 10 % (d)
in a nold, conpression nolding a feedstock fromeither feedstock group, to
form a green part; (e) transferring said green part to a different nold and
then injecting into said different nold a quantity of a different feedstock.
taken from either feedstock group; (f) repeating steps (d) and (e), each tine
using a different nold and a different 21 feedstock, until all menbers of
both feedstock groups have been nol ded, thereby formng a final conpound

green part; (g) renoving all lubricants and binders fromthe final conpound
green part to form a powder skel eton,
CLAIMS:

{. A process for manufacturing a compound sintered article having a cavity,
cor:r1prising 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
passessed, aftér 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 é 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) in a mold, compressicn molding a feedstock from either feedstock group, to form
a green part; ) T

(e) transferring said green part to a different mold and then injecting into said
different mdl_d a quéntity of a different feedstock, taken from either feedstock group;

(f) repeating steps (d) and (e), each time using a different mold and a different
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5 (h) sintering the powder skeleton; and (i) renoving all |oose parts,
thereby form ng the conmpound sintered article. 11 - The process described in
claiml wherein said functional properties are selected fromthe group
consi sting of magnetic, corrosion resistant, controlled porosity, high
thermal conductivity, high density, high strength, |ow thermal expansion,
wear resistant, high 10 elastic nodul us, high danping capacity, good

machi nability, fatigue resistant, high hardness, high toughness, high

mel ting point, oxidation resistant, easy joinability, and |low internal
stress . 3. The process described in claiml| wherein the renoval of |oose
parts is achieved by nmechanical or by chem cal neans. 22 ~}. A process for

mater al o eeBpdk Bl Mefipef i RolredbioeR e e Beeh (el Fecio@mBSa o
handl e; providing a second m xture of powdered materials, said m xture being,
after si ﬂﬁ@?'ﬁ?&%c’é‘ﬂsgéﬁ"é’%r serving as a wire drawi ng di e; adding

| ubri cants and pi nders said first and second m xtures to formfjrst and
beoond T ecdar JalenByinn Al catts 2ok Bira ok el tarRR P e lados o
sintering differs
a powder skeleton;
) | (h) sintering the powder skeleton; and

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

1. The process described in claim | wherein said functional properties are selected
from the group consisting of magnetic, corrosion resistant, controlled porosity, high thermal
conductivity, High density, high strength, low thermalhexpansion, wear resistant, high
0 elastic modulus, high damping capacity, good machinability, fatigue resistant, high
hardness, high toughness, high melting point, oxidation resistant, easy jeinability, and low

internal stress .

3. The process described in claim | wherein the removal of loose parts is achieved

by mechanical or by chémical means.
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one from one another by |less than about 1% providing a third m xture of
powdered materials and adding thereto lubricants and binders thereby form ng
a third feedstock that will shrink, after sintering, by an anount that
exceeds the anobunt that said first and second feedstocks shrink, after
sintering, by at least 10 % using a first nold, conpression nolding the
first feedstock to forma first green part having the shape of a handl e;
transferring said first green part to a second nold and then injecting into
said second nold a quantity of the third feedstock which is given a
cylindrical pin-cushion shape, thereby formng, together with the first
green part, a second green part; 23 transferring said second green part to a
third nold and then injecting into said third nold a quantity of the second
feedstock that surrounds said cylindrical pin-cushion shaped portion of the
second green part, thereby formng, together with the second green part, a
third green part; 5 renoving all lubricants and binders fromthe third green
part to forma powder skeleton; sintering the powder skel eton; and

I - A process for rhanufacturing a wire die, comprising:

providing afirst mixture of powdered materials, said mixture being, after sintering,
sui.table 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;

addingl lubricants and binders to said first and second mixtures to form first and
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
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 inio said
second mé[d a qu.éntity of the third feédstock which is given a cylindrical pin-cushion

shape, thereby forming, together with the first green part, a second green part;
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renoving all material that was fornmed fromsaid third powdered m xture,
thereby . formng the wire die. 10 5- The process described in claim4 wherein
renoval of all material that was formed fromsaid third powdered m xture is
achi eved by nechanical or by chem cal neans. 6. The process described in
claim4 wherein said first mxture of powdered materials is selected from
the group consisting of iron, all iron-based alloys, carbon steels, |ow

al l oyed steels, and stainless steels). 15 ~-. The process described in claim
i f wherein said second m xture of powdered naterials is selected fromthe
group consisting of all tool steels, water-hardening steels (Type W,
shock-resisting steels (Type S), cold-wrk 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 2y tungst e agbhin ng‘%auﬂ;e rl?ird?éé%ﬁ?aect egﬁ ;dg@%d't%dqhaﬁ RidctiMh F& baa SRt t hi ;d

m xture of powdered teria IS se group conhsi sting of wax

and t her ”Dr%r'asé'c@%ntnty%oﬁh?tsre%ﬁd‘?&ds&%ﬁﬂﬁét%d?n%un s Sald> %}{hh@ﬁéﬁ‘%% iRaGhi ‘%mat

further conprise part possessing a firs al' "pr oper
shaped portion of the second green part, thereby forming, together with the second green

part, a third green part;
S l 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 L. The process described in claim 4 wherein removal of all material that was formed

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

6. 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 stairless steels).

15 7. 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
(Type W),éhock—résisting 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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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 forned 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 magnetic-
corrosion resistant, controlled porosity-high thermal conductivity, high
density-high strength, high thermal conductivity-low thernal expansion, wear
resi stant-hi gh toughness, 15 controlled porosity-high strength, high elastic
nodul us- hi gh danpi ng capacity, high strength-good nmachinability, controlled
porosity-highly fatigue resistant, magnetic-non- nagnetic, high hardness-high
toughness,t meié %ﬁﬁﬁstant-oxidation resistant, easy joinability-corrosion
resi st ant , R i°ft ernal stress-controlled porosity. 2h 10. A structure,
conprising: a continuous body, having at |east two parts, each such part
being optimzed to performa function other than to serve as an attachnent

medi um sai,d parts havin ny . shape that can be fornmed b nol di ng process.
5 The. 5t 1 udt ur dPABSERTARISRIRIN SRR ToWRRErRI DReTIE of Bvdere Mol ven
part 1s is selected from the group censisting of waxes and thermoplastics.

2 A structure, comprising:
S | . a continuous bedy that further comprises:
a first part possessing a first functional property,
a second part possessing a second functional property that is different from said
fkstfuncﬁonalpropeny;
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 thermai expansion, wear resistant-high toughness,
15 controlied porosity-high strength, high elastic modulus-high damping capacity, high
strength-good machinability, controlled porosity-highly fatigue resistant, magnetic-non- -
magnetic,” high hardness-high toughness, wear resistant-oxidation resistant, easy

joinability-'c;orrosioh resistant, and low mternal stress-controiled porosity.



optimzed to performis selected fromthe group consisting of magnetic,
corrosion resistant, <controlled porosity, high thermal conductivity, high
density, high strength, |low thermal expansion, wear resistant, high elastic
nodul us, hi gh danpi ng capacity, good machinability, fatigue resistant, high
hardness, high toughness, high nelting point, 'O oxidation resistant, easy
joinability, and low internal stress . i2The structure described in claim10
further conprising at |east one cavity as part of the structure i3 A cutting
tool, conprising: 15 in one continuous body, a handle and a cutting edge;
sai d handl e having a shape and bei ng conposed of a material whereby it is
optim zed for gripping a cutting edge and for being gripped; said cutting
edge having,.a ﬁg e and bei ng conmposed of a material whereby it is optim zed
f or cuttingo' g@é“ﬂﬁ BRI PMfat eri al s being present at any interface between

said handl e and said cutti ng 8'\9 V-F- The cutti ng t ool described in claim
13 wherei n sai @ FIHNUOUS S0d% | NaviNgPLieashIWH RaNS) BEED Sedheat PRiRG oBtmizeg o al |

i ron-based all oys, carbon steels, |owall o%/ed steels, and
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 Il. The structure described in claim [0 wherein the function that any given part is
opt.imized to perform is selected from the group consisting of magnetic, corrosion resistant,
controlied porosity, high thermal conductivity, high density, high strength, low thermal
expansion, wear fesistant, high elastic modulus, high damping capacity, good
machinability., fatigue; resistant, high hardness, high toughness, high meiting point,

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

i2.  The structure described in claim |0 further comprising at least one cavity as part

of the structure

3. 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 material whereby it is
optimized for gripping a cutting edge and for being gripped;
said_cuttiné ‘edge having a shapé and beihg composed of a material whereby it is

optimized for cutting; and



5 stainless steels). IS . The cutting tool described in claim13 wherein said
cutting edge is selected from the group consisting of all tool steels,

wat er - har deni ng steels (Type W, shock-resisting steels (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 steels (Type P), and tungsten carbide. 10 j6. Awre
drawi ng die, conprising: in one continuous body, a handle and a wire draw ng
di e; said handl e having a shape and bei ng conposed of a naterial whereby it
is optimzed for gripping a wire drawing die and for being gripped; said
wire drawi ng di e having a shape and bei ng conposed of a material whereby 15
it is optimzed for drawing wire; and no other mat eri al s bei ng present at any
interface between said handl e and said die. . The wire drawing die

d bed LB S
consi st ng of 1S Einet IyBRRE LT ER R AELAY inforkE ’“?e e By LAl RS E, el
and st ai nlcﬁgﬁg%rdsgl s). 1$ . The wire draw ng d| e described in claim 16

wherei n sal s selected fromthe group consisting of all tool steels,
wat er - har deni ng steels (Type W, shock-resisting steels

4. The cutting tool described in claim {2 wherein said handte is selected from the
grou.p consisting of iron, all iron-based alloys, carbon steels, low-alloyed steels, and

5 stainless steels). -

5. The cutting tool described in claim |3 wherein said cutting edge is selected from
the group consisting of all tool steels, water-hardening steels (Type W), shock-resisting -
steeis (Type 'S), cold-work steels (Type O, A, D and H), hot-work steels (Type H), High

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

10 {6- A wire drawing die, comprising:
in one continuous body, a handle and a wire drawing die;
said handle having a shape and being composed of a material whereby it is
optimizéd 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 handle and said die.

\F. The wire drawing die described in claim lb wherein said handie is selected from
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5 (Type S), cold-work steels (Type 0, AL D and H), hot-work steels (Type H),
H gh speed steels (Type T and M, nold steels (Type P), and tungsten
car bi de.

the group consisting of iron, all iron-based alloys, carbon steels, low-alloyed steels, and

stainless steeis).

|Z. The wire drawing die described in claim |b wherein said die is selected from the
groub consisting of all tool steels, water-hardening steels (Type W), shock-resisting steels
5 (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.



