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

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

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

bi nder to produce a m xture that can be nolded jnt esired part.
The binder nust have METHODT® EQ%WWHMTﬁB@HQSwng%&T%nj ection
into a tooling cavity and formng of the part. The nolded part is

usual ly an oversized replica of the final part. It is.subject

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

| evel . The Parts produced by PIMnay be conplex in geonetry.
They al so tend to be nade ofFlﬁLQﬂﬁgT’éEW?q{ For exanple, an
ort hodontic bracket-can be nade of 316L 1

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

molding with particular reference 1o forming compiex 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 taoling cavity and forming of the part. The molded part is usually an
oversized replica of the ﬂrlaal part. It is subjected to debinding where the binder is removed
without disturbing the powder orientation. After the binder is removed, the part is subjected

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

The parts produced by PIM may be complex in geometry. They also tend to be
made of a single material. For example, an orihadontic bracket can be made of 316L
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stai nl ess steel using PIMtechnol ogy. There is, however, a need
for objects, formed by PIM that contain nultiple parts, each of
which is a different material whose properties differ fromthose of
its inmedi 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 wel ding operations or nmechanical fitting nmethods to bond
these different parts of different materials together. The basic
approach that the present invention takes to solving this problemis
schemat i cal ktyiniest setnasirgdMriediin@8gy.l a and |b. In FIG la, 11 and 12
represent two green objects having different 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
bet ween 11 and IRemsis, hosvweatr, & naedor objgdts, formad By PN rtegtcop@indpiiiiie Patim
either 11 or 12). Alternately, a sinple press fit between the 11 and
12 m ght hawectseffvfHichad asiifferdri matenial Whaosalprapisjties difiga Fomdnose f R IMMRAIR
body. An_ obvi ous inprovenment over welding or simlar approaches
woul d appeaneitiioorsaTae prigraritroadtice has beED tafogm eachmich Saft §epargieleandie then
contact with one another. In practice, such an approach his us_ual_li¥|
not succeedeehiinethes inmthe Snishaderelcsiao FoRY WEICING SPEraYPBHRTTSFIREIRY fithg
during sintertng. The present invention teaches Eoweprobl ens of this
sort can bemsthede sheongdhasssiffesert parteridifisiant BRlRNAE VMRt eri al s havi ng
di fferent physical properties can 2 be integrated to forma single
cont i nuous body. A routine search of the prior art was perforned
with the following reference of interest .bei nel: ' R
parts by powder |75 BR¥G @Pr?ﬁﬁhcf[’?fg’ﬂ? pﬁ&%@d%‘éegﬁ‘?'hgggﬁgge?&ﬁg? gﬁ ﬁrﬁ’%{?tmaﬁd
particul ate materials: vol...5 - -1 t
et al. di scﬁgger?ﬁi?aaéyr‘g‘bﬁ\{@%%f lcgqor\%g'ﬁ%% h!ti gb@é? ﬁe?ﬁ%%%?‘g%tp Béz%fq' Hﬂétﬁﬁg%%@e
nore than ong er.i al. foughichA k i
Sintering | SOFRBERURITagE PHREr okt SRMbRG o7 o TG Aoy b time
not ment| On‘:ﬁgo ol%éwéﬁg s%r%&%oiﬁwgmg\hngfe 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},

Alternately, a simple press fit between the 11 and 12 might have sufficed so that the final

object was not a continuous body.

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

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



It has been an object of the present invention to provide a process
for the formation of a continuous body having nmultiple parts, each
with different physical properties and/or different functional
properties, there being no connecting material (such as sol der or

gl ue) between any of the parts. Thi s -object have been achieved
by using powder injection nolding 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, carepd ﬁﬂgg,%ig@totfgmeggy,?@ cantirildas bsdyl y certain sel ected physi cal
properties are owed to differ between the parts while others may
be altered through relatively small changes in the conposition of the
f eedst ocks used. ‘ Anot her obj ect has been to provide a process

for formng, in akiRO5eartMbEBEFFiEOaroRas péridrmed aitthahg Etibwingateférgnce of
contained within an enclosure while not being attached to said

encl osure. ir]te est Jatg fRbeml*CoARofirafare Ty powaer biectman®idiig’ puvseres in

i njection nolding wherein the shrinkage rate of the object is caused

to be Subst?%&@f'rhétasgfr R pdritiiatd hiaterigl, voh s, pmts-0%UIe]9-AEB, 45PR ukea
after sintering, the object is found to have detached itself fromthe

encl osure, ekng af HREuIsAnEPABIcRTsH Sidterihgtogither BiRkis kit DESrgerTererhaprone
THE DRAW NGS . FIGs. la and Ib illustrate two contiguous parts,
made of dif heitendl. mateshad shat lseditart of aliinkage yring] sifteringni§ important bul other
respectively. _ '

factors (to be discussed below) are not mentioned.

SUMMARY OF THE INVENTION

it has been an object of the present invention to provide a process for the formation
of a continuous body having multiple parts, each with different physical properties and/or

different functionat properties, there being no connecting material (such as solder or glue)

between any of the parts.

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

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



FI Gs..2a and 2b show steps in the process of the present invention. 4
FIG 3 is an isonetric view of the object seen in cross-section in
FI G 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 nagnet.

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

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

FIG 10 shothat enywderteingiiectts physgaltimnstigharemlipyehio; difer betwega th Radisphile
I nventi on.
others may be altered through relatively small changes in the composition of the

feedstacks 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 illustrate two contiguous parts, made of different materials, before

and after sintering, respectively,

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



DESCRI PTI ON OF THE PREFERRED EMBODI MENTS This invention

descri bes a novel nethod of manufacturing multi-material conponent
usi ng powder injection nolding processes. Injection nolding of
different-material articlei is an economcally' attractive nmethod 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 ik Sz Randesmdisc el hi seidchseehinl antasrseabirnsin &¥@ 4% nder s
to forma feedstock. Essentially any organic material which wll
deconpose under el evated tenperatures w thout |eaving an undesired
residue that will be detrinental to the properties of the netal
articles, can begsge aBraefesw echnatiest ihat sasdhse\narts cme nongeadngtic, one a
pol ynmers such as stearic acids, mcropul var wax, paraffin wax and

pol yet hyl enggrgShipet, andehe aseftwagnels a | ubricant while all the other
material s may be used as binders, The amount and nature of the

bi nder/l ubricant that is added to the powder will determ ne the
viscosity of the feedstock and the amount of shrinkage that wl|
occur during sintier BMgla cross-section taken theodobdiorstantal hEKS-feen pr epar ed,
it isinjected 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 remyved.b :
heating or througiBsugdo 8fillustratelstepin tha RECEBLY K18 ﬁ‘?ﬁ"m%%tP%c{"B?'Pt%gref &h
placed in a sintering furnace and, typically, heated at a tenperature
bet ween aboudbjec} B mMEddNSYSBVETEIFHIE- bet ween about 30 and 180 mi nutes
i n hydrogen or vacuum As already noted, attenpts to form
singl e objects containing parts nade of different materials have
usual ly been Iimt to 'formng t ; el Ot hvagtion.
t hem t oget her | af équg ﬁ*}ﬁwé%%{‘&"ﬁg%"r‘n %ggﬂ‘i@gé%ggﬂégﬁféa@ngde of
different materials could not 6

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

DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

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



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

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

need to be the same or simlar if good bonding is to occur include

(but are not |i mst@fell ibwaeethbsecskited indfe arthibe basic prepedse & FAMNIRNGEH g
point, while properties that may differ without affecting bonding

i ncl ude (buggles id¥etfirkt gibli@sitne0dquirke atatdriabin powderedtfong. t Tis pawiRsts Een
coercivity, dielectric constant, thermal conductivity, Young's

modul us, haﬁ.@@@%ﬁh |dafte bhe Bindats to/form a feedbtock: aEesentigliyt arwrosganig material
suited to the practice of the present invention it will not be

necessary f ghich ki ceesREsHelnger ciattivempertigeswiiow leaying 8 UNERNTRR FRFINE
by very nuch. Typically, the two mixtures would differ in chem cal
conposi ti ongyli Wiess delimened asitheSopeaiesaytheometal priiciag @i Renysed. Prefered

Additionally, it is inportant that the powders that were used to fogrm
t he feedst ogleterials are various organic polymers such as stearic acids, micropulvar wax, parafiin

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/lubricant that is added to the
powder will determine the viscosity of the feedstock and the amount of shrinkage that will

oceur during sintering.

Once the feedstock has been prepared, it is injected intc a suitable mold. The
resulting 'green’ object is then ejected from the mold. it has sufficient mechanical strength
to retain its shape during handling while the binder is rernoved by heating or through use
of a solvent. The resuiting ‘skeleton’ is then placed in a siﬁtering furnace and, typically,
heated at a temperature Between about 1,200 and 1,350 °C for between about 30 and 180

minutes in hydrogen or vacuum.

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

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



of the two parts share simlar characteristics such as particle
shape, texture, and size distribution. The tap densities of the two
powders should not differ by nore than about 30 % while the nean
particle size for both powders should be in the range of about 1 to
40 m crons. As an exanple, if one part needs to be soft
material (say |low carbon iron), and another part is to be a hard
mat eri al such as high carbon iron, then alloying the | ow carbon iron
w th specific anount of carbon will enhance hardenability and neet
t he requi r esgalieddlpdnitgbivaas bomd propefly duing e d6¥aiG9 PRSERS powder s are
still simlar and have simlar shrinkage rates. This will give rise
to good bondi ng between the two naterials while having different
properties. Simlarly, if one material is |ow car b(gn. [ ron %Qﬁbut
another is stai Thegseshemventiohdeachesthal fadpre bIASIUERS SINBYOSPTERE
stainless steel with an appropriate' anount of iron powder t rm.t.he
required stpidauesq) sieselinkagapbtiettass difars Bweifeg 1R é’"’%\'}gﬁ e &‘Sﬁeﬁ‘w
characteristics closer to each other."For exanple, if two materials
are 316L St aipirasad i) eetainptysicahproaetiendiferdiewepRdhe B approach is to
bl end one third of master alloy of 316L with two-third of |ow carbon
iron to formthe actual 316L conposition. Not e that nol di ng of
a two-materiar article can be achieved in one tooling_ of
several caviti esBythe samé iokere cenain aner RRYSIHRIREC ESH@YREF&L? a'Png ﬁ{bse%v.leen
The nol ded article is 8 )

the parts with little or no effect on bonding.

Physimi properties that need to be the same or similar if good bonding is to ocour
include (but are not limited to) coefficient of therma! 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 reftectivity.

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

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

percent of dll ingredients.

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



transferred to another tooling in another single barrel machine of
another material to formthe desired article though a nmanual

pi ck- and- pl ace operation or by using a robotic arm The nol di ng
process can also be carried out on a twin-barrel injection machine to
nold a conplete article with two materials within a single tooling.
lu enbodi nent W will illustrate this enbodi ment through
reference to FIGs. 2a and 2b, but it should be understood that the
process that we disclose is independent of the shape, for si ze, .
etc. of theysaidtwatpare shhatsimitar tbameeristics such astraniqle §hang @"‘9‘1’% at“ﬁe‘"ze
preparation of a first feedstock. This is acconpl i‘ShEdr@/r a}%?li B9t 30

| ubri cant s cegbutabr A sap dessitibssat the Swelpavesiers sHpyid gt ¢ffer By orrs thep abtd
powders. The |l atter consist, by weight, of about 0.05 Rercfent C r%n,
about 15 peya@né thelte panicleadiza for 0ot ppwdese FOUIFRFJE FET8! seHaRrub s
petcent silicon, about 0.3 percent niobium about 4 percent nickel,
and about 8Ricfegscent iron. Using a suitable nold, this first
feedstock is conpression nolded to formfirstsreen part 21, as shown
in FIG 2a. This happens to have a cylindrical shape with 22
representing the hollow center. Then, a second feedstock is for rsed y
addi ng | ubri caniag aangkabipteq §rose part acedsdto Pecsot maggriah Gy d¥4 ‘%’%ﬂ%frgﬁ‘i ,
by wei ght, of.about 0.05 percent carbon, about 15 percent chrom
about 0.5 pgicaanpartistyeeesard matsdeltsueh & HighQ@ERR Irgp. el ?y‘ﬁ%ﬁﬁt'wb%%n

percent niobium about 14 percent nickel, and abqut_ 7 r.cent i
It is inporranyittspatific Amowr ot ¢askas Wil SARNGE ﬂgF%al%gﬁklyearﬁfﬂgegﬁ‘% '?*h“' e

concentrations that ensure that, after sinterin Jof .6 K
the anount sottigh carsnfiieads soENg. SR AALIPTS & S 80l 2 atle IR SRR,
shrinkage e’r(a‘?.fsr_ 'I'n—?.Q &ﬁldéiv%yﬁsg Itotgrc]:%{rj bgnrcl:l?rig between the twa materials while having different

properties.

Similarly, if one material is low carbon iron and another is stainiess steel, then
blending the master alloy of the stainless steel with an apprapriate amount of iron powder
to form the required stainless steel composition can bring the overall péwder characteris-
tics closer to each other.’For exampie, 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 that mol'ding of a two-material anticle can be achieved in one tooling of one or

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



W note here that although the two feedstocks have the sane

conposi tion except that 10% of iron has been replaced by an
additional 10% of nickel. This relatively small change in chem cal
conposition | eaves the key physical properties associated with
successful sintering unchanged but introduces a significant change in
t he magnetic properties. Next, first green pan 21 is
transferred to a second nold into which is then injected a sufficient
quantity of the second feedstock to conplete the structure sho én
FIG 2b t hnanghmrédie apbtherdoaling indnotrer single Rerre! maghipg of a“m“efﬁ?i"é'%é m
final 'conpound' green object has been forned, all | bricants%bin%%rs
are renpovedhe desiredayiEieinougse senea Pickand-plage APFTRIRD P PYASEBRIgPOtc afm-
skel eton which can then be sintered so that it becones a c nt%nu%M%
body havi ngrhectdidingppnesss camalee PRosRTRLME OF 8 WArREe IBEEIRNIRIT S R
conposi tions of the ori%inals powders from which the two 10

f eedst ocks osempieté ertisedvithdwe materiagswithing sipgle {9948 ger j ved from t he
first feedstock is nagnetic while part 23 that derived fromthe
second feedstock is not. In this particular exanple the nmagnetic part
has a maxi mum perneability (p max) between about 800 and 1, 500.

In FIG 3 we show an isonetric view of the object seen in FIG 2b
with the addition of rod 33 which js free to nove back and forth

t hrough hole 22. If rod 33 is ma , position relative to hole
22 could be controlled by nmeans of an applied magnetic field
generated by an external coil (not shown). Since part 21 is of a

ti terial, it wll act ' | -
OTELL T2 i T oL U A i
i e oa i

the nethod &% t he second enbodi nent.

al ready i npli t f Id 85 i9forfe@Ont i nuous body having multiple
parts, eachgi\%\ng‘t tc‘aalaﬁees(ra{e‘% propterti es, need not be limted to two
such parts. In FIG 4 we show a plan view of an object having three
parts, each with different properties. Al parts are concentric

rings. At the c ' HelidH ot a Fifst FRERCR T hils béwmimplished by adding
surrounded by im‘*ﬁﬁ?‘?{r}e&q%f‘aﬁbng 43 is non-magnetic. It is

surrounded By .ri - i Sis@usse darfERgRes mixtdré of povederp The iladter lcarssist,
t he sane th?%ﬁg%%@%mﬁbuﬁ%(aigﬁ%% 41 gl so has an outer portion that
i s thicker tb?%i%.tr}ﬂ afbdut O HbeGerit Earben, BMIR 18 peicest aheorsiumieatedut 0.5percent
whi ch can be”seeh in the cross-sectional view showmm MFIG 5. Aligned
with, and t quRkRgse, A08UE0.5 betesmblicdnsationt @B edtealtireotidmgpbegt Hbereent niskel,
hard magnet. In this context, the termsoft magnet refers to a ]

mat eri al hawnBbout 80 percent iron. Using a suitable mold, this first feedstock is compression

molded to form first green part 21, as shown in FIG. 2a. This happens to have a cylindrical

shape with 22 representing the hollow center.

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



11 a low coercivity with high nmagnetic saturation while the term
hard magnet refers to a material having a high coercivity. The
structure seen in FIGs. 4 and 5 is made by fitting hard magnet 42
(made separately) into the integral part after 441 and 43 have been
formed. The reason for adding a ring of magnetically hard material to
a structure that is simlar to that seen in FIG 3 is to be able to
provide a permanent bias for the applied external magnetic field.

2nri emnbodi nent In this enbodi mrent we di sclose a process for

S i
el o ol Bomcid SRR Sy I
s E?\(/)vu . |h s Mgﬁ% Eﬁ' é‘tgﬁ'zgtaﬁ;"izizﬁ ang fg g‘ﬂ}f@c?eg%%nét[mﬂ'agg %é@h@%‘ ? Erﬁeyg e
and qual | { yosEahan P &4 6L Bepacirplohe Bl BRba gy dir Sad e

Z}Bhﬁ{ ! ? tg ypéiegpgépeﬁg%uggbﬁ% %q’é%!é.&g%% /§i5'ir[ill32/isaze£se{rﬁhiéb,§hty1 Y20t 36tal

shrinkage experienced by either one.

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

successful sintering unchanged but introduces a significant change in the magnetic

properties.

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

through the placement of 23 around ring 21.

Once the final ‘compound’ green object has been formed, al! lubricants/binders are
removed, ifi ways-discussed earlier, resulting in a powder skeleton which can then be
sintered so't‘hat it becomes a continuous body héving both magnetic and non-magnetic

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

10



Referring nowto FIG 7 we show enclosure 71 that has been fornmed by
fully surrounding 61 with material froma second feedstock for which
bi nders/ |l ubricants were chosen so that, after sintering, the green
formof 71 would shrink by a relatively small anount (typically

bet ween about 10 and 20% . Regardl ess of the absol ute 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. an i om
the obj ect fesestockswerd rmed, parhid! of &R 12p R IBER mgfgrséfe&ﬁstgé‘&gﬁ]agre\%t% o

(bet ween about 1,200 and 1,380 C for between about, 30 and. 180 m es
i n vacuum enilé part3@thagderiveairom erseersd fRedsigckds Bel .%e‘&(@%‘ aq'&f‘a’ﬁé%‘g”‘

| arger shrinkage rate of 61 relative to 71, the struc

sintering megneliepanasae madous REUREEPHYRY @ﬂéb%m%%abﬁé’} #&gi,?df{géo,
(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

S e 1 el ool ekt AR el i sy,
e o et Shich s, Lo 2,05 RS KA, Bl bt

e 000 i el ot b SAMSEA N ol b PR
el DL oy s B S g D A

their f ti I ties. By f i | '
or oper 1 65 attas acbes @ppeeearaBR tisapiEanasy RRESG oy Be el Blparatly o

properties derive from physical and 1 } -usiria@Ne AEBod

often a subit F@J‘%‘l’%fﬁﬂn%‘f‘ﬁ?%basl RRft oL 'Q%%ggﬁﬁﬁgé%ﬁ%b%?gdustdqu%scriobe

themw || depend on the i eatd f {egh they are intended.
gﬁbee&eec.&“?aldggﬁe?&mer deRShd Mboditent)

Thus, a giv resistivity may be considered to be | ow 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 definiti o JWshafpiiciedRMafion of bltemtiruoudiodydaning giultiple parts, sach
with different properties, need not be limited to two such parts. In FIG. 4 we show a plan
view of an object having three parts, each with different properties. All parts are concentric
rings. At the center of the structure is opening 44 that is surrounded by inner ring 43.
Ring 43 is non-magnetic. [t is suraunded by ring 41 that is a soft magnet. Its inner portion
has the same thickness as ring 43. Ring 41 also has an outer portion that is thicker than
ring 43, causing it to have an inside sidewall 52 which can be seen in the cross-sectional
view shown in FIG:'S. Aligned with, and touching, this sidewall is intermediate ring 42

which is a ha-rd magnet, In this context, the term soft magnet refers to a material having

11



W |ist below, as exanples, a series of functional properties that
are pertinent to the present invention, together with their
definitions. It will be realized that this list is not conplete and
ot her functional properties could also be given to parts of a
continuous structure w thout departing fromthe spirit of the
I nvention. In nost cases these definitions are precise but,
occasionally, they must, of necessity, be of a descriptive rather
than a quantitative nature: nagnetic -ferro_nag_get iC COrrosion
resistant z by defcivitgith migheadkBT/SIERIgB wEliaRgdem tefd ragng} refers 1o a
Eval uating the Corrosion Properties O Wought Iron and N ckel - Based
Corrosi on Resdril RiVing’s higy sodroivitt he Chem cal Process I ndustries.
Exanpl es of materials that have 14 good corrosion resistance include
(but not Iimted to) Pure N ckel, N ckel-Copper (eg Mnel 400, Mane!
K-500), N ckel-Chrom um (eg |Inconel 617, I|nconel_ 625) N ckel +% My
Chromi um (eg | nTheytrifire Isaen oy FISB5H and §ds Kpadrdy- Bingelierd MAsNe) gs Ceg
Nimonic 80A) The reason for adding
separately) into the integral part after 41 and 43 have been formed. The re

a ring of magnetically hard material to a structure that is similar to that seen in FIG. 3is

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

In this embodiment we disclose a process for forming, in a single integrated
operation, ane abject that is enclosed by another with the inner objed not being attached
to the outer object. As for the first embodiment, the process is filustrated through an
example but it will be understood that it is applicabie to any shaped opject inside any )

shaped enclosure.

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

by a relatively large amount (typically between about 20 and 50%).
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controlled porosity - this manifests itself [ [
( _ as a relative densit
Lv:tﬂ a gensm_y _90 - 100% of the pore-free material being consilde)r/éd
gd and densities of 50 - 90% being considered Low - high thernal
fﬁgnug})gmtg i)ogrﬁa';renr3 L_han about 100 Wm K high density - greater
: : g igh strength - tensile greater than
L\/Ea, yield greater than about 700 MPa. | ow ther?ral expansi onangts 200
an about 12 x 10-6 IC weaf resistant - having a hardness val ue

| ess than about 50 HRC
Referring now to FIG. 7 we show enclosure 71 that has been formed by fully

surrounding 81 with material from a second feedstock for which binders/lubricants were

chosen so that, after sintering, the green form of 71 would shrink by a relatively small

amount {typically between about 10 and 20%). Regardiess of the absoiute shrinkages

assoi:iated 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 skeieton is sintered (petween 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 in FIG. 8 where part 81 (originally 81) is seen to have become
detached from 71 enabling it to move freely inside interior space 82. An example of a
structure of this type is an electrostatic motor {unfinished at this stage) in which 71 will
ultimately serve as the statar and B1 as the rotor. In the prior an, such structures had 10

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

FUNCTIONAL PROPERTIES

In the foregoing discussion we were concerned with combining, in a single

13



hi gh el astic nodulus - greater than 200 GPa high d i :
anping c -
| oss of 25% or nore of stored energy per cycl eg rrpgogd apactty

machinability - using AISI 1212 as a guide, steel is ra % Wi

a value in excess of 50% being consi dgred good hi ghly f;??gllng/OWth
resistant - able to withstand at | east 106 cycles of alternating
standard and zero |oads higtf hardness - greater than 50 HRC

hi gh t oughness - Based on Charpy or !zed testing, toughness is

defined as the energy per unit volune th

_ _ at can be absorbed by a

material up to the point of fracture. Hi gh 15 y
continuous structure, two or mare parts that had different physical properties. The same

principles that are taught there may also be applied to structures having two or more parts
that differ in their functional properties. By functional properties we mean properties that
are application related. Although functional properties derive from physical and chemical
propérties, . they are 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"sstivity 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 10

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 realized that this list is not
complete and other functional properties could also be given to paris 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

guantitative nature: ‘

magnetic - ferromagnetic
corrésion resistant — As defined in the ASTMG157-98 Standard Guide for
Evaluating‘t‘he Corrosion Properties of Wroughi iron and Nickel-Based Corrosion

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

14



toughness inplies a value greater than about | K 105 kivutes/ ns high
melting point - greater than about 1600C (iron nelts at 1537 C).
oxidation resistant - as for corrosion resistant above, but [imted
to oxygen as the corrosive agent easy joinability - based on
experience but includes materials such as copper, silver, and gold.
It follows fromour earlier discussion of processes for formng
conti nuous bodies having nmultiple parts, each of which has a

different set of physical properties, that these sa rqc e
adapt ed to foodicagosiomtesistangs insbgk dot iy IR % MR g"b@n@f&%g‘ﬁ%"%@%g
which has a different set of functional properti Wi | e bn .the .
general cas@idriee4@0, Matiec-5ap), Nickeiridroraium{gg B‘Wﬂ%\%ﬁf'\lxyf}c‘f%ﬁg#ﬁﬁ%gﬁgl tron
parts, we take note here of a special case in which onl I
funct i onal | Chrorhitmiemincaien BS, lagaloyi 8ok P%H'F@‘&’P&e‘i weaﬁ“9¥se¢e§’§t‘m°“'° 80A)
functions being particularly difficult and/or expensiv L i_n
a singl e conti nucontrobrsdyorosiy m Hisseanieds! aﬁﬁée%f?‘f‘—‘o enﬁﬁ'%%%gg%P or
t heir manufacture. The following |ists sonme exa . a0% bei
functi onal pdiOfsoidhe poredregyprierigl Pe‘Bég?f&‘qﬁFﬁTe';’g? 8{3%)&?@!&%2? %ér 80% being
functional pairs could be added to this list wthout departing from
the spirit ofonsideredho¥nti on: magneti c- corrosi on resistant,

controll ed porosity-high thernmal conductiyi ! nsi ty-hi gh
strength, high.t ﬁ@%rﬁ‘%ﬁrmé'(ﬁ?ﬂﬁ‘é‘{t‘i“\‘?l‘fﬂe? MS?%(‘%Q@Q%& on, wear

resi stant-high
J high density — greater than about 8,000 kgfm®

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

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

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

high elastic modulus — greater than 200 GPa

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

good machinability — using AlS1 1212 as a guide, steel is rated 100% with a value

in excess of 50% being considered good

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

standard and zero loads
higif hardness — greater than 50 HRC

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

energy per Lﬂ':it volume that can be absorbed by a material up to the point of fracture. High
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16 toughness, controlled porosity-high strength, high elastic
nodul us- hi gh danpi ng capacity, high strength-goad machinability,
controll ed porosity-highly fatigue resistant, magnetic-non-nagnetic,
hi gh hardness- hi gh toughness, wear resistant-oxidation resistant,
easy joinability-corrosion resistant and | ow internal
stress-control |l ed porosity. To further illustrate the
application of the present invention to the manufacture of structures
having two parts that would ordinarily be dif%ipult t;0 conbine in a
singl e cont io@?wsss Srhlies talvakie greaterdbardiabout if K0T kjoulesltn ¢ i onal

enbodi ments of the present invention. 3rd enbodi nent ha this
enbodi ment we dirgg melen@pgintocgwatenttan sbou d6RR°E (reR MEE A g7a%utting
tool. As in the first and second enbodi nents, the process of the ...
third enbodi nentoxhiaprresistatt- aier parwsiosiresistant apoys. Evk!t”uﬁﬁéé" gyvgen as
powdered materials. One the these mxtures will, after sintering, be
wel | suitedchedsivesageas a handl e while the other, also after
sintering, will have excellent properties for use as a cutti

The M xture t hatedsg jdinabistycesedorex@eiRace Pt inchiAes BaPLas B P 8%%9?%%{%‘
materials such as iron, and all ironLbased alloys (such as carbon
Steels, |owsablgoed steels and stainless steels). See, for exanple,
Met al s Handboek, Volune 1, 10th edition 1990. 17

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

pracesses of the prior arf are used for their manufacture.

The following lisgis some examples of functional pairs of this type, it being
understood that other functional pairs could be added to this list without departing from the

spirit of the invention:

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

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

1%



Possible 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-wrk steels (Type 0, A D and
H), hot-work steels (Type H), H gh speed steels (Type T .and N), nold
steels (Type P) and tungsten carbide. Details on the classification
of tool steels may.be found in in the AISI (Arerican Iron and Steel

I nstitute) handbook. Lubricants and binders are added to each

m xture to form feedstocks, a key requirenment being that the anount

| L e oo S b SO el B e e
conpression nolded to forma r.eeh t vi.ng: ; a l.e
S et e S o e g
second nD into jcC i nject. i ; r
f eedst ock fm“'wﬁg?ﬁzﬁgh'ﬁh%é'ﬁ%ﬁélﬁlgﬂtot%gﬁrtb{*su% vgérazgél&%éa@?widﬁu?rﬁ: °s ha|tc')e of

a cutting edge (shown schenmatic ; Ll Bhftroli@d porosity. After
renoval of anlab‘g‘uﬁrc’freﬁﬁ?ées t'tﬁ%hbﬁe@r@é glfée!" votor I’Fl}a a ypowder
skeleton), the latter is sintered, as discussed earlier, to becone
the cutting tool. 18 4th enbodi nent In this enbodi nent we

di scl ose a process and.structure f.or. L Bebs@ntihfeRtish 8 thé\mahifadire of
previ ous enbodi %‘ﬂ@?ert"ﬁ"é{r%?té%e soll%?m{lﬁgﬁkgurst h enbodi ment begi ns
with the provision -of tug Mt U oRMAHEN R GIFRLR b @bMbinerie 4 single
t hese rﬁXtuPE‘é‘iWeFlh,awgPtt\eﬁ,rg S| nttgértﬁcb, be weﬁl suited for use as a
handl e and is_sel ec f rom.t FeOlBe G HaBitibRdl émbddinents ahtheaplesent
i ron-based ﬁ?twgu? éﬁgﬁuésmga%n steels, |lowalloyed steels and
stai nl ess stevgltsnwhile the other will be well suited to serve as a
di e, being SBPERed from the group consisting of all tool steels,

i ncl udi ng wat er - hardeni ng.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 (T%w, mol d steels (Type P), and
tungst en car bi de. Al so as before, |Ubricants and binders are
added to these m xtures to form feedstocks which, after sintering,
will shrink by artiounts that differ one fromone another .
in this embodiment we disclose a process anad structure for forming a cutting tool.
As in the first and second embodiments, the process of the third embodiment begins with
the provision of two mixtures of powdered materials. One the these mixtures will, after

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

excellent properties for use as a cutting edge.

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

steels). See,-for example, Metals Handbook, Volume 1, 10th edition 1980.
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by | ess than about 1% Additionally, a third feedstock is

provi ded that has the key property that, after sintering, it wll
sbrink an anmount that exceeds the anmount that the first two

f eedst ocks shrink by-at least 10 % In this case the feedstock can be
made from just binders, including waxes such as paraffin wax and

t her nopl astics such as pol yethyl ene. 19 The appropriate
feedstock is then conpression nolded to forma green part having the
shape of a handle (see 92 in FIG 10), following which it is
transferred to apsemismhatenbld forrthe mishire that will gcome de eutting 99ge;ags !l too!
quantity of the third feedstock to add to the qﬁr_ee,n_part ar]r ext.ension
having a cystedis nncaingmaterchasdening steeis(Bvresdid sback-rgsisting stagly (Tyipp S§ cold-
nodi fied green part is then transferred to a_third nmold iatf gRi.drch.}s
inj ected a wokistasieffypeGant Papd b, hotrworkegigels @xers Hb HiBh P68 SIS Tnd Y he
pi n-cushi on shaped extension (see 93 in FI G 102 All. . A of tool

| ubricants amtiMpimaiesteelsr(@yRenBranddyrasted caepide, Detah gn fredassyigpie

becones a powder skel eton which can be sinter to beco id
conti nuous Eeelsmiayibe ipgndin insthaPds!i(Agerqan &op @g‘?g‘%ﬁﬁ&\’?ﬁ?@aﬂ gﬁg't hat

were originally part of the third feedstock can be renoved by
mechani cal and/or chem cal neans, resulting in formation of the die

O T o e e ey ATt o b8 e

SKi 1 ed | n FeRTEMEnt 9R41S 0t BE0H 43 880 15rAP PR v e el Hnfels e

made it homonéj fergr?trﬁ:[lei oqgerfbr_\;!?e@s Ehgg as uit EJ/at Tﬁé]n?th%%ggr%pr?gte feg&t&ﬂ\@%ﬁ?&sion
moided to foﬁr; a green part having the shape of a handle (shown schematically as 92 in
FIG. 9) which is then transferred to a second moid into which is injected a sufficient

quantity of the other feedstock for forming an extension to the green part in the shape of

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

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

jatter is sintered, as dis¢ussed earlier, to become the cutting ool
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20 CLAIMS: 1. A process for manufacturing a compound sintered
article, conprising the sequential steps of: (a) providing a group of
m xtures of powdered naterials, each nenber of said group having,
after sintering, a functional property that is different from any
functional property possessed, after sintering, by any other nenber
of the group; (b) adding |ubricants and binders to all nenbers of
said m xtures group, thereby formng a group of feedstocks, all of
whose nenbers shrink, after sintering, by amounts that differ from

one another by |ess than about 1% (4t} empodimendl d, conpression nol ding
a feedstock fromsaid feedstock group, to forma green part; (d)

transferring said green part to a different nold and then injecting

into sai d different nold a quant_i ty of a different feedstock, .t aakee.nAs

from sai d feedst grkis@mbbdiment we disclose a process and structure for forming a wire @
in the previous embodiments, the process of the fourth embodiment begins with the
prm;ision-of two mixtures of powdered materials. One the these mixtures will, after
sintering, be well suited for use as a handle and is selected from the group consisting of
'n'o.n, and all iron-based alioys {such as carpon 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 steets (Type 0, A, D and H), hot-wark 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
teedstocks 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'a! least 10 %. In this case the feedstock can be made from just binders,

including \;{axes such as paraffin wax and thermoplastics such as polyethylene.
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(e) repeating steps (c) and (d), each tine using a different nold and
a different feedstock, until all nmenbers of said feedstock group have
been nol ded, thereby formng a final conpound green part; (f)
renoving all lubricants and binders fromthe final conpound green
part to forma powder skeleton; and (g) sintering the powder skel eton
to formsaid conpound sintered article. 2. The process described in
claim1 wherein said first and second functional properties are

sel ected fromthe group consisting of nagnetic, corrosion resistant,

o B s st i il
ol e 1o SATBL 0 L PR TRCTMBRRL Lt LB e e
O L ey RO B e
IR RSHCRE LNy, e R
modified green part is then transferred to a third maid into which is injected a sufficient
quantity of the last feedstock to surround the pin-cushion shiaped extension (see 93 in FIG.

10)..

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

{shown schematically as 94 in FIG. 10).

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

scope of the invention.
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provi ding a second m xture of powdered materials, said m xture
having, after sintering, a second functional property; adding
| ubricants and binders to said first and second m xtures to form
first and second feedstocks such that the anobunt that said feedstocks
will shrink after sintering differs one fromthe other by |ess than
about 18 Amm:ng a first nold, conpression nolding the first feedstock
to forma first green part; transferring said first green part to a
second nold and then injecting into said second nold a quantity of
the second faeesdees forseriufR @Ry & Corfsuuit 3irtaraP akiRe, goRpRsiRgHe;
removing all lubricants and binders fromthe conpound green part to
form a pesglentigktdmtan, and sintering the powder skeleton to form
said conpound sintered article, whereby said first and second
functi o@@bravrdoRed Hioep of andliet Wk powdgrad mnatdridid)vath mealbepbDfed hioep
selected fromthe group of functional property pairs consisting of
magnet i Cchaatd, efteosintefifd 4 Rnttionabroperty} Bet BalifesdrityroRi ghy fuhetfomal
conductivity, high density-high strength, high thermnal
conduct i yidpgrty pedebesdrakicexmansg, &y, anyweitier heshhisdr anthelyralp;t oughness,
controll ed porosity-high strength, high elastic nodul us-hi gh danpi ng
capaci t ) atidigd ubticanghhd ppadrsiaahineibdrs biysaic ondtures hedip, thereby forming
porosity-fatigue resistant, magnetic-non-magnetic, high hardness-high
t oughness grouwpadt féerBtceka ll-odxwihdsé hembeesSsiainaNdfier @saring, by amounts that
joinability-corrosion resistant, and low internal stress-controlled
por osi t ydiffer #lom Anplancdes by s treamufact 1% ng a cutting tool,
conpri si ng:

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

green part;

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

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

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

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

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

controlled porosity,
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providing a first m xture of powdered materials, said m xture being,
after sintering, suitable for use as a handle; providing a second
m xture of powdered naterials, said nixture being, after sintering,

SU|tabIe for serving as a cutting edge; i ng lubricants and bi nders
to sai dhighfharmairenddetiy. Mo density, high Ft{ﬁ%ﬂT ipvéthesnal L@apsan M&dtist ocks
such that the amount that said feedstocks will shrink after sintering
di ffers EfistaNRINHYR Rlastr mepulyy. Nigsdarmpig caprsily. ooy nRShpLAIt: fatigre nol d,
conpression nolding the first feedstock to forma first green part
havi ng t FRisiaNEgehigh hardngss high topaliess, highgediap goint. r@qd%%é@ﬁ'%ﬁte% a
second nmol d and then jnjecting into said second nold a quantity of

t he secolfinabdibaendiw wWiginalgieRe shape of a cutting edge, thereby
form ng, together with the first green part, a second green part;
removing all lubricants and binders fromthe second green part to
forma powder skeleton; and sintering the powder skel eton thereby
forning Phe 2RIIGEHY qf@?ﬂHUfa%Ur'"Qr?eC%?%@§§'%%’§€Prtl9@d CPRPESBG'm 4
wherein said first mxture of powdered materials is selected fromthe
group cOR¥FEgATYSIRIXURAT P%chefg‘i‘ BRRisialse 8214 MY haviigy gHerTiging, a first

| ow al | oyed steels, and stainless steels).
unctional property;

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

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

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

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

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

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

resistant, and low internal stress-controlled porosity.
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6The process described in claim4 wherein said second m xture of
powdered materials is selected fromthe group consisting of all tool
steels, water-hardening steels (Type W, shock-resisting steels
(Type S), cold-work steels (Type 0, A, D and H), hot-work steels
(Type H), Hi gh speed steels (Type T and M, nold steels (Type P), and
tungsten carbide. 7.The process of claim1l wherein the conpound

si nt er ed 4ar t fdrecegaforanapiaatyindenertingleple FoBPrisiRg:d group of i xtures
has, after sintering, one, and only one, functional property that is
di f f er eRtovidingra %l"ﬁﬁ/mf’imépf peigerpd B}?Zf?rtaiﬁ pod seixtbeibeing. 38er sintefiegi ng, by
any ot her nenber of the group, wherein the functional property is
defi ned &4itableieysseas aphedperty sel ected fromthe group consisting of
magnetic, corrosion resistant, controlled porosity, high thernal
conduct PRV asegend srdiieof poyHeedBgiHs, S3WnPHER REINIeRIRIFNIFNI: wear
resi stant, high elastic nodul us, high danping capacity, good

machi nabSVifae ToppYNINg as $4iNY 94985 st ant, hi gh hardness, hi gh

t oughness, high nmelting point, oxidation resistant, and easy

j oi nabi ?‘FC{"}G, lugﬂ‘éﬁﬂt%@\m %‘f‘@?rﬁé‘P said figsd and gaePndupikdivess oda first Ay sepend
steps of: formng a second group of feedstocks that will shrink

aftor si fRepioRke Sy el (BRBEIRLY ek Saiskieedseckervdl st Risteriae M irsber
of said first feedstock group shrinks, after sintering, by at |east
10% in PRefrRBItEe othee by iess thian akbi ®ssi on nol ding further conprises
conpression nolding the feedstock fromeither feedstock 8roup, to

f or m t hesieg aéist Biold coppesssiopneieing thenfisidpedsteridaifermy? 8sh IisgPiP3ftur t her
conpri ses t,ransferring to the different nold and then injecting into
sai d di f Payehihebeae a7 ghand!Pty of a different feedstock, taken from

ei t her feedstock_gnoup; and L ,
transferring said first green part to a second mold and then injecting into said second

mold a quantity of the second feedstock having the shape of a cutting edge, thereby
forming, together with the first green part, a second green part;

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

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

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

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

materials is selected from the group consisting of all tool steels, water-hardening steels
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repeating the steps of conpression nolding and transferring to the
different nold each tinme using a different nold and a different
feedstock, until all nmenbers of both feedstock groups have been

nol ded, thereby form ng the final conpound green part. 8. The process
descr i bEYPE V) Baeakr PSigkrg @Eﬁ'st(ﬁwer®nﬁ@)é-lwoﬁf stp@léééyqsa@té P @ng thi ke d
by nechanical or by chem cal neans. 9. The process of claim 3 wherein
t he conpwﬁﬁstgelﬁt(&p@dﬂ)aﬂgfbsf:@eii§t%elww@e dizad Mheofd steels i yaeur)e aod

powdered naterials, after sintering, is suitable for use as a handl e,
and the dewsien arbider e of powdered materials, after sintering, is
suitable for serving as a wre draw ng die; and furt her conpri sing
the steps of: providing a third m xture of powdered materials and
addi ng thereto lubricants and binders thereby formng a third

f eedst o€k t h&lhe Riacesssefrgliaine, 1 wherein toe gp@pPPYY S"Bi?r%'rﬁfﬁ"g@i]ﬁﬁ atcayty. each
exceeds the anobunt that said first and second feedstocks shrink,

af ter si meastiengl saig geaup o ayxtureggpas, after sintering, one, and only one, functional

property that is different from any functional property possessed, after sintering, by any
other member of the group, wherein the functional property is defined as a physical
property selected from the group consisting of magnetic, corrosion resistant, controlled
porosity, high thermal conductivity, high density high strength, low thermal expansion,
wear resistant, high elastic modulus, high damping capacity, good machinability, highly
fatigue resistant, high hardness, high toughness, high melting point, oxidation
resistant, and easy joinability, and low internal stress; and further comprising the steps
of:

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

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

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

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

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

8. The process described in claim 7 wherein the removal of loose parts is achieved
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the step of using the first nold further conprises conpression

nol ding the first feedstock to forma first green part having the
shape of a handle; the step of transferring said first green part to
the second nold further conprises injecting into said second nold a
quant i t y bpimeachanicglior 8y che@seb®RaWhi ch is given a cylindrical

pi n-cushi on shape, thereby form ng, together with the first green
part, a second green part; transferring said second green part to a
third nold and then injecting into said third nold a quantity of the
second PeedsTr Rrochss ofsaimclnbereldhe cenpe iyt sipigredArticle isshvisn dghaped
portion of the second green part, thereby form ng, together with the
second Wedest mjxlure ofpovisieres Hpteeplspaltar sintétingsie syitale fasseias g handle,

| ubricants and binders further conprises renoving all lubricants and
bi nders Bf®m the third green part to formthe powder skeleton; and
removing all material that was formed fromsaid third powdered

nmi xt ur efhetseeprchpiduse of Rgwdered Waterialg, aftengintering 'i)?lﬁ@é?sfgﬂﬁwﬂg Bed in
claim9 wherein renoval of all material that was formed from said
third poWerdssving gteupedi s achi eved by nechanical or by chenical
means. 11. The process described in claim9 wherein said first

m xt ur efughepcamrrsiesy thasePe&f's is selected fromthe group consisting

of iron, all iron-based alloys, carbon steels, |owalloyed steels,
and st aPigrigng asthigg mgxture of powdered materials and adding thereto lubricants and

binders thereby forming a third feedstock that will shrink, after sintering, by an amount
that exceeds the amount that said first and second feedstocks shrink, after sintering,
by at least 10%;

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

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

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

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

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

the wire die.

10. The process described in claim 9 wherein removal of all material that was formed
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12. The process described in claim9 wherein said second m xture of
powdered materials is selected fromthe group consisting of all tool
steels, water-hardening steels (Type W, shock-resisting steels (Type
S), cold-work steels (Type O, A, D and H), hot-work steels (Type H),
H gh spef@mstaikingdEeyperet rﬁ'ﬁﬁﬂ”ﬁ’v}s,acﬁ’@l"ﬂd 8Y Eerkanigs) 9e bpyhergigyl ’f‘ﬁ%&st en
carbide. 13. The process described in claim9 wherein said third

m xture of powdered materials is selected fromthe group consisting

of waxes and_thernmoplastics.., FIG la - FIG |b - Prior Art Prior Art
21222123 131 29bq processslessybegdn ojgim 9 wherein said first mixture of powdered

materials is selected from the group consisting of iron, all iron-based alloys, carbon

steels, low-alloyed steels, and stainless steels.

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

tungsten carbide.

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

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