VO 97/ 47445 PCT/ US97/ 09157
PRESSURI ZED FEED SHOE APPARATUS AND PROCESS FOR PRECOMPACTI NG POADERED

MATERI ALS WO 97/47445 BACKGROUND OF THE | NVENTI ON  pcThiset/ob1ef
the Invention This invention rel ates gener aI ly to feed shoes for

f eedi ng andpRSSORICEED M}mﬁ NPqﬂ{d(Lé

die cavity for mnmmnggsén ?/gdr)yéAgiart I cul ar e i nveng&g)%ﬁwmgmb
to a feed shoe that <controls the delivery of particul ate
materials into the die cavity. BACKGROUND NOF OFHRAINVENG®EONVEry provides the
particulgate materials in the die cavity with a uniformdensity that is

greater thafiela ofbuthe Invedtiomi se be the bul k density of the
particul ate matemials Ofndent Ybd Gé‘l&‘@é‘é'%n&{:&ﬂi?“&o fZ 8 Bh%%@“gpr“‘é%%dtl :

al so pertains to a process f preco I Ng~ part
to - proda®d sfepesdting fdinedym divitded &r Qaam@nlaaenmattprmedm into a

particul ate gigl echdity forDessmpREL RGOl HabatedAtlictlariy, tHe R tlon

metal lurgy and other technol o€| es ~usi particul até materi a s such

as cer alfi cs TEIREH bi tRs, 3pr s Shoe aanBErt§°a’iter°f1(§r neth®y Peei¥ery of
finely grou@dmlcaimaedaterlamwerrsto nh:hea desi reedrighiape Whiig nc@ntilz%lled

cavity. GCe eral lr?éJY r%r?‘ﬁ%%g ﬁ?‘ers are act edtl n.the die awéx
t enper at ur e t SRS FateLigbaqifr s ndifi é:aé(r’rﬁy
heat ed to bendht ha pomticferm ntderssiny f i €lat dessegmaser than whfa\ndewould
g‘?t ?lnl ?Lgyégtstg%z?ﬁgtgr %@glgﬂ%n%&ﬁ?dﬁéﬁsﬁﬁygeﬂfr @LEV partllg{'ﬂm SmELOLEL NS
15 with a density gradient. The present invention also pertains
to a process for precompacting particles in a die cavity to
produce articles of uniform density or gradient density from
particulate material.
Description of Related Art
20 In powder metallurgy and other technologies using
particulate materials such as ceramics and carbides, products
and parts are formed by pressing finely ground or atomized
powders into a desired shape within a die cavity. Generally,
the powders are compacted in the die cavity at room temperature
25 and the then semi-dense compact is removed from the die and
heated to bond the powders into a unified, dense mass. In
powder metallurgy, the heat bonding procedure is generally
known as sintering or in the case of ceramics and carbides,
firing. '
z0 When these and similar procedures are employed, means are
required for delivering measured amounts of powder or
particulate to a die cavity on a powder press. Typically, feed
shoes operate to deliver the powdér or particulate material to
the die cavity during the press cycle by using a gravity f£ill
35 system. This system involves the movement of the feed shoe
containing particulate material on a shuttle which slides the
shoe forward along the table of the die press to a positio-n at
which the bottom feed hole of the feed shoe is exposed,
overlies and registers with the die cavity furnishing enough
40 loose powder to gravity fill the die cavity. Thereafter, the
shuttle slides the shoe back along the table of the die press
into a retracted position thereby cutting off the gravity flow
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15 a uniform density of particulate material within the cavity.
Articles produced by these feed methods are many times
unsatisfactory because when pressed, they produce compacted
parts that are also non-uniform in density. These non-
uniformly dense articles are then prone to stress related

20 cracking, especially ixpon ejection from the die cavity. These
cracks are often only visible after sintering. Typically, with
an almost spherical powder such as for example, copper coated
aluminum powder, the fill ratio of amount of powder in die to
size of compacted part is 3:1 using gravity to fill the die

25 cavity. That is, the three dimensional size of the powder in

' the die is three times that of the final compacted article.

Shaking or vibrating a feed shoe is frequently employed in
the art for inducing a more regular flow of the particulate
material into the die cavity. This, however, is time consuming

30 and is generally not adequate to achieve uniform density of the
particles in the die cavity or compacted articles of uniform
density which are reproducible from article to article in a
controlled manufacturing process.

. Additionally, this shaking or vibrating of fine particles

35 in known particle feed methods dislodges “fines"™ and dust from
the particles which are then air borne to coat and contaminate
the surrounding environs. Many of the particulate materials

~are frequently quite costly and in some cases toxic. Thus, the
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15 must exhibit uniform mechanical and physical properties.
Examples of such articles or materials are those used in
thermal management, etc. in which strict uniformity of
properties (i.e., coefficient of thermal expansion, thermal
conductivity, etc.) throughout the article or from article to
20 article is required. Further, this chamber evacuation cannot
be used to control the density of the particulate material in
the die cavity and thereby create a density gradient of the
particulate material and in the resultant compacted article.
Additionally, technologies exist for controlling and
25 moving mechanical parts of die presses at much faster rates
than those presently being employed. However, the rate at
which die presses can produce articles is limited by the rate
at which the die cavity can be filled with particulate
materials. This rate is relatively slow using known feed shoes
30 which use gravity to feed pbwders into the die cavity and does
not allow the die presses to reach their maximum capacity for
producing compacted parts and is even slower using vibratory
methods.
Moreover, in the aforementioned and other known feed
35 shoes, the step of retracting the feed shoe by dragging the
feed shoe over the upper surface of the wear plate of the die
table has been necessary to cut off the flow of particulate
materials from the feed shoe. This retraction of the feed shoe
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20 The present invention also solves the problem of friction
induced density irregularities (wedging} in the compacted
articles by providing an apparatus that moves the feed shoe
body forward in a horizontal plane that is above and transverse
to the die cavity. The feed shoe body is moved to a position

25 whereby the egress opening overhangs the die cavity. A device

' for downwardly moving the feed shoe body to register the egress
opening with the die cavity is also provided.

The present invention further comprises a valve associated

with the egress opening having a closed position for containing

30 particulate material inside the feed shoe when the feed shoe
body overhangs the table of the die press and an open position
for delivering particulate material to the die cavity when the
egress opening registers with the die cavity. This valve is
“dripless”, (i.e., it does not permit any particulate material

35 from dripping out when it is in the closed position)” and is so
constructed to resist particle induced jamming or clogging. By
providing this valve associated with the egress opening of the

' feed shoe, the feed shoe can be raised above the die cavity to
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supra-atmospheric pressure within the die cavity, and
15 compacting the particulate material to form an article having
uniform density. A process for producing articles having a
density gradient 1is also provided. In such a process, the
powder delivery step is accomplished by varying the supra-
atmospheric pressure within the die cavity.
20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a side elevation of a feed shoe according to one
embodiment of this invention;
Fig. 2 is a front view of Fig. 1 showing the feed shoe in
a horizontal plane elevated above and transverse to the die
25 cavity.
' Fig. 3 is a front view of Flg. 1 showing the feed shoe in
£ill position;
Fig. 4 is a top view of Fig. 1 in the fill position:;
Fig. 5 is a side view of an egress valve on a feed shoe
10 according to one embodiment of this invention; and
Fig. 6 is a top view thereof schematically illustrating an
open and a closed position of the valve.
Fig. 7 is a front view of a pinch valve embodiment of an
egress valve in the open position on the feed shoe.
35 Fig. 8 is the pinch._valve of Fig. 7 in the closed
position.

Fig. 9 is a side view of a pneumatic valve embodiment of
the egress valve on the feed shoe.
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15 comprises feed shoe vessel 11, and pressure conduit 13
communicating with vessel 11 through air ingress 14. A
pressure generator (not shown) for generating supra-atmospheric
pressures within vessel 11 and die cavity 26 for delivering
powder material into die cavity 26 with a uniform density which

20 is greater than the bulk density of the powder material
communicates with vessel 11 via pressure conduit 13 sealingly
engaged thereto. Alternatively, the pressure generator can be
used to vary the density of the powder material in the die
cavity along a gradient by varying the pressure generated

25 during powder delivery. Feed shoe 10 is organized to cooperate

' with pneumatic piston 15 and actuator cylinder 25, or any other
suitable mechanical 1linkage known to those in the art for
selectively reciprocating the pressurized feed shoe such as
cams, motors, gears, hydraulic pistons, stepping motors, linear

s0 motion transducers, servio motors, etc. as will appear more
clearly in association with the operational description
hereinafter. Delivery of the feed shoe 10 to and from the die
cavity 26 can be in a linear or non-linear motion (i.e.,
swinging or pivoting back and forth) over the die cavity 26.

35 Shoe vessel 11 is preferably constructed of any material,
such as a metal or metal alloy, that is suitable for
withstanding supra-atmospheric pressures and includes rear wall
20 having a pair of laterally spaced side walls 21, 21A
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: operation, pressure is applied to elevation cylinder 30 and the

15 pressure forces ‘the spatial separation of piston 31 from
elevation cylinder 30  thereby elevating bridge member 23 to
lift feed shoe vessel 11. Rail 33 is fixed to the wear plate of
die table 34, and guides. 32 slide freely in a self-aligning
linear motion along rails 33, actuated by piston 15 sliding

20 through opening 35 inside actuator cylinder 25 that is fixed to
the wear plate of die table 34. In use, by applying a pressure
to actuator cylinder 25 forcing the forward movement of piston
15 which 1is attached to feed shoe 10, feed shoe 10 moves
forward. Actuator cylinder 25 can be operationally joined to

25 any source of reciprocating motion, so that pressurized feed

' shoe 10 may be translated linearly in operation to and from a
die cavity for the production of powdered metal products. For
that purpose, opening 35 is provided in actuator cylinder 25 to
accept piston 15.

50 Vessel 11 has bottom egress opening 37. Valve 38 is
associated with egress opening 37 and has a closed position for
containing powder material inside vessel 11 and an open

. position for delivering powder material to die cavity 26 when
egress opening 37 registers with die cavity 26. In

— 3n applications where it is necessary or desirable to deliver more
than one type of particulate material to the die cavity, the

feed shoe can have more than one egress opening 37 (not shown).
Additionally, where it is desirable to deliver particulate
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engaged t harmgssureAhas ey eipplidrt 1y eslvatigenandtiodega3Obéo forgeedheo

vary the deisidhford NS PRYEEENMBYEI R i $hd Ne1 &b Srion EfViddeR! 909iA the
gradi ent by varyjing,the pressure generated 25 during Eggﬂer delivery.

Feed shoe MPYaFrbFfcetPR olBdopeFatePY thE (33U PPYRESH ROVERENt
actuat or cydf ntlee 2devatiany cgtlieder 305uin abhen neahses cghel bekdge keawert o

Shoo stth &2 £0 a3Ee in,"E Syl BbREHr URrRE By TR ERE B AE motanes
| i near 30 nhe ofeed smivvuceesselbekli o P ofsed ethoe a0 viid | thgyedar spatdally
separated from the die cavity 26. |
Continuing with respect to Fig. 2, once the feed shoe 10
is in an elevated position, the feed shoe 10 moves transverse
20 to the die cavity 26. This movement 1is accomplished by
applying a pressure to actuator cylinder 25 (see Fig. 1) to
force the movement of piston 15 through the opening 35 in the
actuator cylinder 25. - The movement of piston 15 causes guides
32 to slide along rails 33, so that the feed shoe 10 is moved
5 to its final position above and transverse to the die cavity.
' When it is desired to fill the die cavity 26 with a
powdered material, the movements described with respect to Fig.
2 are simply reversed. That is, an opposite pressure is
‘applied to actuator cylinder 25, such that piston 15 moves back
30 out of the actuator cylinder 25. The movement of piston 15 in
the opposite direction causes guides 32 to slide back on rails
33 until the feed shoe 10 is positioned above the die cavity
26. An opposite pressure is then applied to lower elevation
cylinder 30 and force piston 31 back into the elevation
15 cylinder 30. Bridge member 23 is thereby lowered in accordance
with the movement of elevation cylinder 30, and accordingly,
feed shoe vessel 11 also lowers and is locked in the lowered
position until after pressurization of feed vessel 11. The



clearly 'in association with the operational description

herei nafter. Aﬂﬁy of the feed shoe 10 to and fromthe di epc-rmsgmms-yy
26 can be in a | near non-linear notion (g ."e., SW ngi ng or pivoting
back and forth) over the die cavity 26 35 Shoe vessel 11 is

preferably constructed of any materi such_as a netal or netal all 0%7
that is suitabpeepent of \feerstShaf n‘ge%ﬁ?p]r at bt hBdpAeMnepr e3%ts 2 sCRAAINI

i ncl udes rearrpgibters Rithadikg cavidy P6.| atBial fgespadesk side sl tseﬁl,in
21A
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ingress 36 Figs $i tshawed tihe Fﬂe&darsho@p Walin 2bh@neog RHON éatfe§l\?mlt1ﬁ9ar‘ihe

opt i onal goppai (Batiepoys) rﬁcezat:kvarofloek%@ninet:)iaaisﬂpwdgr for o |ea| a
Powder i ndress % IS associated with an |n res val ve ot sglomnl)‘e dle

mai nt ai ni ng pPEZeNFe MAANt skeePyedds feedif e’Fe%%lt% e Wi

pressurized. WAentpr aaenhg bplResbappeed delbesrp difscher gmmpenilageatmdtderial
| oner end theF‘F‘Of eriqud conmmuni cates with the interior of vessel 11

t hrough a fil 5 conduit (not shown) which enters powder ingress 36.
One each 10 of a pBefesfingidge bk s 23 W& dHRISIRR e RdSIM X itdE sie

of side wgll Scahtglésarig bake rebeyaihomoek! uedau 30 vanwet ebdy hdurEmeon3s
Piston 31 is nounted |ts bottom end to qui de %aa and ., sl.i. abI %r;,gaqueas
the interior éf e?aé’\?’é’tllcéﬁ doASTYRER BFesspre Vv t3%h, 2R eSif, £374

applied to el geFines Gadlmdafa\atﬁnmsheaﬁa Maxssanppsexf obodg thomsimat i sirface
FePaacs on of 55 gt Lotk Prhpgy ARAPTIGNHAIoRT LTOBERY, SLV I ins
wear plate of surfastlee 440| dady, Paﬂ@eguﬂd&reﬁs sAfde dndellpwar gbody housing
self-al i gy Ngsyrface 441 has powder egress 443. Powder ingress 442 and
powder egress 443 are aligned transverse with each other along
a vertical axis. Valve slide 444 has slide hole 445 bored there
through and sits within valve cavity 439. In operation, to
open valve 437, air pressure (or an inert gas such as argon or
20 helium) is provided through valve opening end 446 into valve
cavity 439 to move valve slide 444 in a linear motion so as to
align slide hole 445 with powder ingress 442 and powder egress
443 thereby creating open communication between vessel 411 and
die cavity 426. To close valve 437, air pressure is applied
25 through valve closing end 447 into valve cavity 439 to move
valve slide 444 to a position whereby slide hole 445 is not
aligned with powder ingress 442 and powder egress 443 thereby
closing communication between vessel 411 and die cavity 426
cutting off powder flow.. Lower body valve housing 441 has
0 mechanical stops 446 and 447 for aligning and disaligning slide
hole 445 with powder ingress 442 and powder egress 443.
Fig. 6 shows a top view of Fig. 5 viewed from within
vessel 411 down through powder ingress 442, slide hole 445
which is aligned with powder ingress 442 and powder egress of
35 valve body housing 438 in the open position. In the closed
position, slide hole 445 is disaligned from powder egress 442
and powder ingress 443 so that there 1is no longer open
communication between vessel 411 and die cavity 426.



linear notion along rails 33, actuated by piston 15 sliding 20 through

openi ng 35 | e actuator cylinder 25°that is fixed to the wear plate
of die tabl él’(; gy use, by applying a pregsure to act uatB?T’W?’l & 25
forcing the forward novenent of piston 15 which is attached to feed
shoe 10, feed shoe 10 noves forward. Actuator cylinder 25 can be
operational ly j oInedhbosiﬁg g samymrahtbeaimeﬁfsatdﬁsg foxt | ODids04uBatand g
pressuri zed be I I|n in operatl n ta _an
froma ‘élggggak\)/?ﬁ/ nza%lao’duc |s§nrhseo O\I\ndglrug t ALVEFodSc e B&E

t hat pur posef §bén§m3133511stW@eI@Iedsedl acﬂ‘hat spacygl bettoeedsthe slldaccﬂenpnt
piston 15. 3Qd the iMESSEbr 441&@%1%%@@% S0P gsfwféﬁabfla, “hald

associ at ed th egr ess opem n as a cl ose
cont ai nisSng pB%Rer Rat®R eﬁ%sﬁ’%%s@%ﬁ&@%n&%ﬁ“ﬁ}é&ize Jpwsing onff ghe
del i veri ng pamlermmaumh By pisweqaw ty 26 V\hen egress opening 37

I st 'th Vlt n a I C wher e |t is
;Zg'ezsg; o\rM des? ra e%? (fyeqs’l veF (fifices tfﬁén ‘6‘:‘.%tf’$% °§f‘t£ f’f’l cgi
materi al t opowdedi £roavi the tieed shéeedesised com hhee medaha.rtyonﬁaﬁglb%ss
opening 37 (pei: 208 For oAUfbid ONAl lmolel® Lhikf (RN SLO d8t Y

particul ate _
PCT/ US9®/ 09F87tact wigky dpechanifiad lyerpovine parts scarh Be nissgs, earthis
etc., the embbébferstioeasail hastera8dd i} & i@ €56 HREM ng@e(;milesfﬂ@@ ‘tube

C Guaen gl Do LEH. BBl boPRlpHBE 0 Re s IS5, ang oyt
position, Pbldeandnhserpatinneupreimntiethddenmh02 thatt erimes tdhe dirceamdst y

26. As desgfl beddWshBer 98B86E 52171 OFlexible feed tube 500 is opened and

15 closed by pinching and releasing the outside diameter of the

tube. Mechanical pinchers 504, 504A are caused to pinch

flexible feed tube 500 closed by the application of air through

conduits 506, 506A in lower body housing 541 of feed shoe

vessel 511. Alternatively, mechanical pinchers 504, 504A (as

20 shown are pistons with rounded “pinching” ends) may begin in

the pinched or closed position as shown in Fig. 8 and slide

outward along conduits 506, 506A to open when pressure is

generated within feed shoe vessel 511. Any suitable pinch

valve apparatus may be employed as the egress valve.
25 Preferably the pinch valve has the ability to “pinch off”
' immediately above the die surface.

Fig. 9 shows yet another embodiment of the bottom egress

valve 637. 1In detail, hopper 650 sits within vessel 611 and is

receptive of a quantity of particulate material. Feed tube 652

30 communicates between the interior of hopper 650 and egress

vacuum tube 651, the bottom opening 655 of which registers with

bottom egress opening 661 of feed shoe vessel 611 and with die

cavity 626 when feed shoe 610 is in the fill position. In use,

supra-atmospheric pressure is delivered through egress vacuum

35 tube 654 which serves to pull particulate material from hopper

650 through feed tube 652 into egress vacuum tube 654 and

finally into die cavity 626 through egress opening 631. When

the supra-atmospheric pressurle-is shut off, the flow of the



1, bistoﬁ 31 is nmounted to guide 32 and slidably engages the i nterior

of el evation Wﬁ; 30. The elevation cylinder 30 I s att pehagotonis7
bridge menber 23, which in turn is connectedlto 10 the side walls 21, 21A
of the feed shoe vessel 11. In Fig. 2, pressure has been applied to

el evation cylinder 30 to force the separation of piston 31 fromthe

el evation cylparkicd@te) mpserial piptial @ipectIBHLY ndiZbat 88 1% hefsrr owThe

The upvard noygielatmospHerdite @lrsHien cyliddesedfesn tarnwathe the
bridge nenber 15 =23 tolﬁft |n€§he ﬁ’rﬁm upward.direction, thereby al so
rai sing (PR AR MAFRIE3AL 1P YRR diEc§2¥R5¥-10 is thereby spatial ly

separated fromtherike OfaVIstn(Jw%G an embodifienti noEngthét hpresgract jtrﬁrd-?itg.on

2, once the‘f (kégg)?&prﬁ 1ﬁ% Ens%% de%§%§ﬂ1HPTaiéOQXtEHSL§8ege%Q%%n and
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acconpl i shed opgnly C‘alpfp\ll?%%t%r%ﬂé%%‘ﬁ#%nt@ ééﬁﬁéﬁopfcﬂhqwéir spgutigss FHnpt
1) to f or ggowe meﬁmtlﬁeﬁc&t ¥ lbid hi‘ tdes QRRYH NEee?d SHbd M0 is
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position aboveoarshild adseercseritty -t he Rlitemmtiiively, second\Wmmduit s348 can

dosi red 19 11 bl i g6 e CPYLYy B Mdibe vo CRPIEMIPIE | Aleq oo vessel

nmovement s descr1 pect are sinply Tteverse
That s, an3bbp05|$%c°ffﬁe§§{}¢\éltl §48 c3ppbee FIs WHFRDr LE9R | Adetobenoid

such t hat PI Sbanvéﬁlgayesdiacléxaﬁpleutaofz%zlfw afddit Qolak nQ@leRéaé% Thelve,
nmovenment of pjston in oppo e_direction causes gu S

sl i de back onh?g?Ygr' ﬁHPPﬁeﬁﬁe Véiﬁeerﬁﬁij?s tloné 358%% Yﬁ}ve
die cavity hoaﬁmgAenoppey secpndssoneduis t3H&n apal rvadutm Imawe rbee | aetvtad ¢hosd

cylinder 30 apd frce Ol SloncAlaback 48t 4 § NEphoaldan A8, oy DR G0 gie
ri dge neltb 3 Hereby Fowered in accordance NovVenen
el evation cyl cade’cYSOE}ft;md dc¢cohas ndigen dlspgaéeglho'ehml §11@&1I so | sawond

and is 'Ockedcbﬂdabe § 9VBEBHopriaboBy theda Uk | thakd eLi i oesid Zatd A dfie is
feed vessel 1%referable to add a liquid component to the die cavity prior to
compacting the particles. Such liquid components can include,
20 but are not 1limited to, aqueous solutions, lubricants,
surfactants or activation solutions for atomically cleaning
metal particulates for cold welding. The liquid components can
also include any solution which is desired to be incorporated
into the material, for example, water added to cement ox
25 plaster, hardener added to a polymer, solvent added to a
' polymer, etc. Feed shoes according to the present invention
using activation solutions for atomically <cleaning the
particulate materials are useful in producing net or near net
shaped parts without the need for sintering. In embodiments
to where the vacuum is attached to the second conduit for removing
liguid solutions from the die cavity (or alternatively the feed
shoe vessel), it is useful to have a selective barrier situated
inside the second conduit at a point between the source of
liquid solutions and the interior of the feed shoe. When the
35 vacuum is applied to the second conduit,-the selective barrier
prevents particulate material from being removed with the
liquid.

As an alternative to removing liquid solutions from the
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novenment of oe vessel 11 halts when egress opening 37p ers
with die cavl tyﬂﬁ‘@g The feed shoe 10 tsl2hen in p05|t|on {Uo ?wlﬁzfer
powdered naterial to the die cavity 26. Fig. 3 shows the feed shoe 10

in the position for filling the die cavity 26. A lock or |ocking
mechani sm die f thrauginptles second stershif traiftibt ,a keepeun reay ceel gppbied to

registered yht hdwecgwty orcew theddblag %%%%urdrz%&el | VR Yugl, thgquld
particulate material | t he Referring now to Fi

transfer of SPHREAR™ t &5t h%ma%edlom&av.quﬁ 281fs TREY bEHrPﬁg%q’é‘edeﬁﬁFPnd
Val ve body dendiitg £3@ theni semanewi €hosl bet wien dileessaviay aspethd 1aeadn

die caV|ty 4 S V, e y .43 nd_has hqu
surfaces * Seharney PRREREE thd CoEPtha LoPpdusfan 3 BRRRe BOGLY | BHTHPEr
surface 44olhq'slqbovmom¢rgraas1somzemmtem dbhdyheofisedgstice vessake 424

has powder @ﬂé@éslﬁééaﬂcef OV)HSEe' ggr ‘i it sAMion PQV‘G'%QI e%eﬁioﬁiﬁ?é?i‘gg

al i gned transverse each ot her g a verti cal aXI S Valve s
444 has sl i atedR| el hdrWAgder ef°r PougieEiadsi £8i then darvedcadfty
439. | n opelibéedsd td Othe ioperiomlof thd/ fedid s[No@SSMEsGe(LO&saBppGSéa g8s

such as _argon  or 1%0 ch?% A a oa Ly ded JdHQug t\Z/{illl J.ﬂ%mmda 446,

into valve cav ty 4 %nove val vetsIq e 44 a Ilnear I on solis
to al i gapplierk to| thasSeqft thg\wessehgtessemzeambepclmgndegpasgnent

B ANeT SVbEESRAL | e ORRAUEINTUN Wl OIVIENOR) VRSO Bietkhyaly. 1Al nd

cavity 426. To close valve 437, air pressure is applied 25
cl osi ng endeBRIAIRRRE v atPE RRATSPLANYINHRR alsoydfiurthay jeompuises aanY

posi tion whehehy Sewileehdor 4shovidiigt an athbgpRerad bl ReWdRieitNg§L£sS 442

are houter BAL°Yaabti DL o CLERWER SRV CRLEN-RCSRALE RS, Iht

441 has actlve gas such as 0,, O;, and SO, around the atomically cleaned
metal powders until they can be compressed in the die cavity.

The resent invention also provides a process for producing
articles of uniform density from particulate material. The

20 process -comprises the steps of delivering particulate material
to a die cavity, generating a supra-atmospheric pressure within
the die cavity to prodﬁce a uniform density of the particulate
material that 1is greater than the material's bulk density or
-generating a gradient of pressure used to deliver the

2c  particulate material to the die cavity with a gradient of
densities, and compacting the particulate material to form an
_article having a uniform density. Additional steps may be
utilized if it is desired or necessary to add liquid components

to the particulate material. The process can further comprise

3o repeating the pressurized delivery step with a second or third
particulate material.

One embodiment of the inventive process is depicted in
flow chart form in Fig. 10. At a specified time in the part
making cycle, a controller (which may be computer-driven)

35 activates the feed shoe system. ‘The controller instructs the
feed shoe system to (1) move the feed shoe out over the die
cavity, and (2) lower the feed shoe to register with the die
cavity to a fill position. The description for Figs. 1-3



30 " mechani cal stops 446 and 447 for aligning and disaligning slide

hol e 445 vm'tt}ﬁ,acg%j‘ i ngress 442 and powder .egress 443. PCT/US97/09157
shows a top view O?E?I g. 5 viewed fromW|th|1§ vessel 411 down through
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val ve in whi chrpesdeizedr 8tnet sipecidiedntrasts swireh fmac rarspedi fiedoviime par tast

can be us d ngrg!f'.hé preg% | e, v fyi%&uﬁﬁfn@Eed | Qs FLgs exgm%'i% %nl if

flexible eed tu ext ends throu bott om egress openi ng

conmuni cat es COPP&Ft IFo4TEY s2 IR0 S v‘v'rlﬁ BPEEIHEPI%‘? f“ﬁ&FrllFﬁes tt*"r‘i?e feed
I nterior shotecatesHdele vheadt Tdel. prebexibkedf emd abbet 5@5 |po@ms1ecfoand1

Vechani cal ~ pPReRaes? 505 SELGEILY bRE G (el TIRE VicT one BPEsep
t ube 500 cl osedvsyt@he, appwrevatru oRxef rEaditly mmmlzable and may range from
15 about 1 to about 125 pounds or higher and generally vary
depending on the size of the die cavity, the complexity of the
geometry of the die cavity, and the degree of difficulty in
uniformly filling the die cavity. Suitable times for

pressurizing are also readily optimizable and may range from

20 less than 1 second to minutes or longer. The applicable time
is also based on the size and complexilt.y of the geometry of the
die cavity and the degree of difficulty in uniformly filling
the cavity.

Alternatively, particulate material that has been pre-

25 delivered to the feed shoe vessel 1is delivered to the die
cavity with the simultaneocus application of pressure and
opening of the egress valve. In either case the die cavity is
then filled with particulate material. In certain
applications, it may be useful to £ill the cavity in more than

30 one place to accommodate a unique or complex part geometry.

In the next step of the process, after the pressure in the
feed shoe vessel is shut off and the egress valve closes, the
feed shoe is lifted above the die cavity. If it is necessary
or advantageous to add liquid components to the particulate

35 —material, they may be ‘added to the die cavity at this point in
the process. The feed shoe 1is returned to its initial
position, and a press is activated. At the same time, a vacuum

may be activated if it is desired to remove liquid components



conduits 506, 506A in |ower body housing 541 of feed shoe vessel 511.
Al ternativel nechani cal pinchers 504, 504A (as 20 shown ar g, ith.
rounded "pi‘Hé? ﬂZj“sends) may begin in — l4he pinched or close #@%%}%ﬁn as
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VO 97/ 4242 use in 3ny known powder prqfér/qwﬁm}ng process
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between andsater through pipes or coils.

15 In a further embodiment, the present invention is directed
to a powder press for making parts from particulate materials.
The powder press according to the present material comprises
a feed shoe for delivering particulate materials to a die
cavity and a wear plate defining a die table of the powder
20 press. The feed shoe comprises a vessel for receiving a
particulate material; a pressure generator for generating
supra-atmospheric pressures in the die cavity and the vessel;
and a shuttle for moving the feed shoe to a position whereby
an opening in the feed shoe aligns with the die cavity. The
25 shuttle is mounted on its underside to the upper surface of

the wear plate. Particulate material is transferred to the
die cavity through the feed shoe.

The present invention may be embodied in other specific

forms without departing from the spirit or  essential

30 characteristics thereof. ‘The present embodiments are therefore

to be considered in all respects as illustrative and not

restrictive, the scope of the invention being indicated by the

appended claims rather than the foregoing description, and all

changes which come within the meaning and range of equivalency
35—0f the claims are therefore intended to be embraced therein.



openly comuni cating between a source of |iquid solutions (not shown)

and the mterw haddl € cavity 326 when feetlSq-hnp 310 is ¢ppcn/u$97m9ls7
posi tion. Secong conduit 348 delivers liquid solutions
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shaped paits piressuteshwinbdn saidsvessel ngnd said edbwdtaneity Ridipressure
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at a point besfadanghy spgpgedotheretq, ARd sol utions and the interior of

t he feed shoe.. Wien the 35 vacuumis a ied tQ the secopnd conduit, the
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the 110U dog from a po3i¥lof LREEEDY Bt OpbeIBY' B9rtldUbfesPly 1o srers

15 with the die cavity.

2. The pressurized feed shoe according to claim 1, further
comprising a hopper receptive of a quantity of particulate
material, said hopper having a discharge opening therein, and
a filling conduit passing through said ingress opening and

20 extending between the discharge opening of the hopper and the
interior of the vessel.

3. The pressurized feed shoel according toc claim 1, wherein
the shuttle moves the feed shoe body in a horizontal plane
elevated above and transverse to the die cavity to a position

25 whereby said egress opening overhangs said die cavity and
downwardly moves said feed shoe body to register said egress
opening with the die cavity.

4. The pressurized feed shoe according to claim 3 further

comprising a valve associated with said at least one egress
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through the second conduit 348, a vacuumigay be applied to perfisr69187
cavity or we wer punch or both. In use, liquid solution is
sprayed into the die cavity through the second conduit and then renoved

fromof thgpdhgngaidvidy &hecVesetiMpesidtibachesk t bﬁixﬁh‘iniﬁ?e SE&EONE1late
conduit can alternatively deliver | i quid conponents to fhe interior of

the feed shaeevesselinsili® saidtBeSSelNghanansopbR’ Poditishli £oboliel iverirsg
used to atomcally cl ean netal powders for cold welding and the liquid
is del pagtéduletehemaneriabr i tdmid esieshcaviéysethes opaddedeqresd
the die cavity, a vacuumor other liquid renoving means is applied to
the feed sPPEN}BISERTLBLREFDYRLR HERE idiR Fabipbnent before the powders

are delivered tg the die cavity. In thjs enhodi nent, the present
i nventi%n al so urFH@rPESﬁﬁPFééEdaﬁ?ed shegoRFcAEIL RS F%rcb@H%igdnﬁuﬁ er

at nosphere of an inert S.,.as 15 f.or _exanple helium or argon, .a gas
such as niFPHB§ﬁ56Pgaﬁg%%éﬁc?P5e“8&§t§&8ﬁg§sﬁﬁﬁérfgeéiik?T, SHH éﬁ}ﬁ%ﬁ
around thed%bﬂ Qal!éogkﬁﬁeﬂd'whergﬁ§alsEQ&deEér QELlo Q§¥n§anr£mhins. iLn
conpressed I'n the die cavity. The resént I'nvention”al so prOV|dEs
process fO"re%"i@@k‘Q'tﬁgn wit t 56L&S dife UBATOE P dRRIket Ypd # OB DRIt CABELia)
mat eri al . he 20 process conprises the steps of delivering particulate

- material £il1@ &hei aieaghtvyrygenerating a supra-atnospheric pressure

W t hin the die cavity to produce a uniformdensity of the particul ate
materi @ that i %$.9Mhat preisisarized fekdr ishbes ababkdilagstbycdaim 5, g€laetRét ng

a gradient of pressure used to deliver the 25 particulate naterial

- to the di eompmiisipgwia hsecemddeenduibf extendéngi tfires, aarsbworepaet | hjgohd

- particulate material to forman  article having a uniformdensity.
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1 I quid CO”%%ggxésconduit-delivering liquid solutions to said particulate
material in said feed shoe vessel.

15 7. The pressurized feed shoe according to claim 5, further
comprising a second conduit extending from a source of liquid
solutions and associated with said feed shoe body, said second
conduit delivering liquid solutions to said die cavity.

8. The pressurized feed shoe according _to claim 6, further

20 ° compri;ing a selective barrier positioned in said second

. conduit at a point between the source of liquid solutions and

the interior of said feed shoe body.
9. The pressurized feed shoe according to c¢laim 5,
further comprising a wear plate mounted to the underside of
25 said shuttle.
10. A pressurized feed shoe for delivering particulate
materials to fill a die cavity and for delivering liquid

solutions to said die cavity, comprising:
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to'the particulate material. The process can further conprise 30

repeating the i zed delivery step wi{H a second or thirdpcrnuss7/09157
particul ate “ﬁﬁ%ﬁﬁgﬁg One enbodi ment of the inventive process is

depicted in flow chart formin Fig. 10. At a specified tine in the
part meki ng cycl@ed Qﬁaér%dcggr cvhbehsinYy be ceEaeler f8ti VeedeBPing a
activates the feed shoe system he controller instructs the feed
shoe system gRahtltyOveE tgurtfiend atkomatdrinikr sheddifeed shamvbbyly dvadimnd)
| ower the feed shoe to register with the die cavity to a fil

posi tion. dbe 1dastr iqud dmottom Eggsss bdp8ning for rafioTeriMgSwith said
- 13 - PCT/ US97/ 09157 provi des sufficient detail on how
such novenendigagapéty andceofpPi $hadess(pepirg dorarecedivandalPantiddmte
rel eased from .the hopper; (4) powder ingress val ve opens; (5)

particul &te mategdfdrial is fed t hrough powder ingress of the feed shoe

into 5 the feed sh |, _th wd ' ] N 6 .
pouder egress val o BEERSRCE7) IBAFTRG at Eohmi ERTSr T e PHTET-athoiphenic,

it th h_ th ' . .t . {]
(r:rgrla_r?/al i ;Oggﬁéégég,s §g§ﬁ$§eagg‘%\cl)‘gesysees]se‘?nq g@ld %i)lrees%s]aﬁﬂ'%dpa 1%‘3;%'%@5%“
specifi ed PresRule ber L HREAIEREING! TRhilh Alsally VOLYLILO PLESSULES Loiquie
varyi ng ti mes' an exanpl e only; Xa copper coated alum numiTs He
particul ate g%taqr-hgll{ bhgabe&dtneretdloe vessel should be pressurized to
sfto

about 25 poun Seconds. Suitable pressures for wuse wth
the preggent anveaidtae f@weselecaieelﬁaﬁlbwngpts'amdzabé@daaﬁoaaxbddqng@o
from 15 about 1 to about 125 pounds or higher and generally vary

dependi ng on ainkdie £rioke a0boisiieidhewhaveby, thebovtpheagtysof opbring registers
with the die cavity, and

a second conduit extending from a source of 1liquid
solutions and associated with said feed shoe body, said second

15 conduit delivering liquid solutions to said die cavity.

11. The pressurized f£feed s;hoe according to claim 10,
further comprising a hopper receptive of a guantity of
particulate material, said hopper having a discharge opening
therein, and a filling conduit passing through said ingress

20 opening and extending between the discharge opening of the
hopper and the interior of the vessel. |

12. The pressurized feed shoe according to claim 10,
wherein the shuttle moves the feed shoe body ih a horizontal
plane elevated above and transverse to the die cavity to .a

25 position whereby said egress opening overhangs said die cavity
and downwardly moves said feed shoe body to register said
egress opening with thé die cavity. T

13. The pressurized feed shoe according to claim 12

further comprising a valve associated with said at least one

R




geonetry of the die cavity, and the degree of difficulty in unifbrh1y

fillirng the die -cavity. Suitabig ~tinmes for lngig?g ar e
al so readi WP UH#45 zabl e and may range f¥§n120 | ess than 1ngcon k?%ﬁ

m nutes or |longer. The applicable tine is al so based on the size and
conpl exi ty e 1131,_3,1. y ° L it ide reeofitainin
difficultyegée%%ifggg y %il?%ﬁ%gs ath§£§§§$¥y.ﬂbéqgh6 gf?ernatLVely,g
particul at gappi@iiste t Ratebas1 beasipee-sad deésyel edntlo drheopearedpsheion
vessel is delivered to the die cavity with the sinultaneous application
of pressurgofindteliveapani nopofidilmtegrmstevadle.to | sadt dée cmEittthewhén
cavity is then filled wth particulate nmaterial. In certain

appl i cati orsidi egress mperigiq|ragd stiens wighcshet giencavt®y ¢t han 30 one pl ace
to accommodate a uniqye or conpl ex part geonetry. ) In the next_step
of thesprocess, 14ft &fhe h@nnssdrdeed nfead shog c@Fcorgandesis®l Gi@iBhut 3of f

dth I I , th d sh js. lifted t di
L YENIE A
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97/ 47445  £511s the die cavfty. . PCT/ US97/ 09157 t hat
were added to the particulate material. A press punch is t hen | owered

into the die caysly PHe rpissshnizdd heddi Shoe «AOXMNO coOMELid hao,
particulate material into the desired . part. The press punch may
di spl ace amurichgui dcomppbseng taatselective barrier positioned in said
second conduit at a point between the source of liquid '
solutions and the interior of said feed shoe body.
16. The pressuriied feed shoe according to claim 13,
15 further comprising a wear plate mounted onto the bottom of said
shuttle.
17. A process for precompacting particulate material in
a die cavity, said process comprising the steps of:
(1) delivering said particulate material to a die cavity:
20 (2) generating supra-atmospheric pressure within said die
_cavity to precompact the particulate material within said die
cavity to a density that is greater than the bulk density of
that particulate material; and
{(3) compacting said particulate material to form an
25 article.
18. The process according to claim 17, further
comprising repeating the delivéry step with at least one
additional particulate material and the pressure step before

carrying out the compacting step.
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5 may be'présent in the die cavity out of the part, such that the

optional vac Jtadsenove the liquid component-fromthe die  PCFAISOVANST f
desired. Finally, a |l ower punch ejects the finished part fromthe die
cavity. Feed shoes according to the present invention can be 10
adapted for use inigny rhewprpoessr awcessiimgntfcactiaimg preeessin thengupsa-
al so be tenperature-controlled as appropriate by, for exanpl e,

i nsul ati on, heahnsghwrnh(pﬁﬂﬂﬁﬂﬂ&nﬂ%rvandﬁdtd@ﬁlng thﬁ(ﬂ%ﬁ%ﬁ%ﬁ%ygﬁéﬁﬁaé%ng
heat transfer met hods that punp oil or hot wat er  t hrough pi pes or

coils. 15 stepn d£heredier cEaBb#PTedt  devel egéﬁf‘lﬁﬂyeﬁ-ﬁ otrp‘fspaFFéEPéEte
to a powder press for making parts fromparticulate materials. The
powder press a@@@#&?ﬁglﬁbtgﬁé‘5$b§@WFtﬁhter|aI conpri ses a feed shoe

f del i i t | t | di t
ot aing o aig Panser Tg T Rf Giadh 7, FERhEY BBHeRiLERL BhE Srep
vessel for recfe' Va&l%a% all%w@agmsehehg R esralﬁi,;ﬁ@{chgzgﬁéaxgges%easerp}%r

generating eric pressures in

vessel ; the feed shoe to a position whereby

an openi ng |nr}t%n q?'eegdﬂ?oe a |gnsﬂ%th the die cavity. The 25 shuttle is
mounted on its undersi deHed giscdpess se1daee20f furthBe ceRpeiBiagethe step
Particulate material is transferred to the die cavity through the feed
shoe. ofl hEauasiany ouveshiidn ligyilde conpadiearts rbefdes speduting said
forms w thout departing from the spirit or essential 30
charact er hst | conigearteiofg sftep present enbodi ments are therefore to be
considered in all respects as illustrative and not restrictive, the
scope of the inventdZon HETngPPﬁH?E‘a’éeé%’y Ct%mllldfqae‘ﬁ%‘éil%}’aﬁﬁfs PRdtHeulate
t han t he fore90|ng descrl i ch come, wwthin the

“meani ng and r &K %ﬂ\e’fﬁxf“%? ocfmi‘ff‘ﬁ‘ecrc?‘g ?‘rgt’a‘?JeeThe‘F%’F%’F’es’rrfﬂ'ended to

be enbraced thereln(l) a feed shoe for delivering particulate materials to

a die cavity, said feed shoe comprising a vessel fof receiving
15 a particulate material;
(2) a pfessure generator for generating supfa-
atmospheric pressures in said die cavity and said vessel; and
(3) a shuttle for moving said feed shoe to a position
whereby an opening in said feed shoe aligns with said die
‘20 cavity,
whereby particulate material is transferred to said die cavity
through said feed shoe.
23. The apparatus of claim 22, wherein said supra-
atmospheric pressures are used to control the density of said
25 particulate materials within said die cavity.
24. A powder press for making parts from particulate
materials comprising:
(1) a feed shoe for delivering particulate materials to

a die cavity, said feed shoe comprising a vessel for receiving

) AN
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is clai md§¢‘§”"7‘ﬁﬁt orial 1. A pressurizedypeed shoe for deli pefthisg@7109157

parti cul at s to fill a die cavity, conprising: a
feed shoe body conprising a vessel for receiving a 5 quantity of

particul ateg L?{:Eélﬂaﬁé‘i fafeggaghoe body having at | east one bottom
egr ess openlgg or registering wth said die cavity and a top ingress

opening for receiighngapar piredksak®  gen®hebiral . for gener@tRhgSSUlsBpra-
generator for generating supra-atnospheric 10 pressures within said

vessel and g@mfsghertavpigssanesd pricsaiiedie cagbtpr SdrsEDdMEEESLi Nng Wit h
said vessel via a conduit seal ingly engaged thereto, and a
shuttle for sel edB)vehy statitilee sfwd mesdnghcainbdfeéd shoe amml &r grasdtion
positi on whereby the bottom egress opening registers 15 wth the die

cavity. s whereby? amhepgnd®gurinegafidedieede shoeoral hgns o wiltdi nsaid die

further .
cavity,

whereby particulate material is transferred to said die cavity

through said feed shoe;

(4) a wear plate defining a die table of the powder

10 press;

(5) said shuttle mounted on its underside té the upper

surface of said wear plate.
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conpri sing a hopper receptive of a quantity of particulate mat eri al ,
sai d hopper hayvi di scharge opening therein, and a filli ' -
passi ng thrOLY&ﬂs'?'gT‘gsi ngress .6peni ng and 20 extendi ng bet mer}}ﬂ%ﬁ%ﬂ?ﬂb’iﬁ
di scharge openi ng of the hopper and the interior of the vessel.

3. The pressurized feed shoe according to claim1l1, wherein the shuttle
noves the feed shoe body in a horizontal plane el evat ed above and
transverse to the die cavity to a positigyg:&i whereby said egress
opening overhangs said die cavity an downwar dly noves said feed
shoe body to register said egress opening with the die cavity.

4. The pressurized feed shoe according to claim3 furthe conpri si ng
a valve associated with-said at | east one egress

- 16 - PCT/ US97/ 09157 WD 97/ 47445
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opening having a closed position for containing particul ate mat er i ‘al

i nsi de sai d §§§§%%régd an open position for delivering p@&kﬁ%ﬂwﬂh 57

material to cavity when said egress opening registers w

the die cavity. 5 5. The pressurized feed shoe according to claim 4,
further conprising a lock for maintaining said feed shoe body in the
downwar d position whereby said egress opening remains in registration
with said die cavity while particulate nateri al fills the die cavity.
10 6. The pressurized feed shoe accgy@ ng to claimb5, further
conprising a second conduit extending froma source of liquid

solutions through the interior of said feed shoe body, said second
conduit delivering liquid solutions to said particulate material in
said feed shoe vessel. 7. The pressurized feed shoe according to
claim5, further conprising a second conduit extending froma source
of liquid sol utions and associated with said feed shoe body, said
second conduit delivering liquid solutions to said die cavity.

1} o
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8. The pressurized feed shoe according to claim®6, further 20 conprising

a selective__barrie positioned in said second condut Nt
bet ween t he s?&BPZ[éJ’%? | i quid solutions and the interior o sais(ﬁog‘esg
shoe body. 9. The pressurized feed -shoe according to
claim 5, further conprising a wear plate nounted to the underside of
25 said shuttle. 10. A pressurized feed shoe for delivering
particul ate materials to fill ?bﬂée cavity and for delivering
~liquid solutions to said die cavit¥,Yconprising: WO 97/ 47445
- 17 - PCT/ US97/ 09157 a feed shoe body conprising a
vessel for receiving a quantity of -particulate material, said feed shoe
body havi ng at | east one bottom egress opening for registering with

sai d
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die cavity and a top ingress opening for receiving particulate 5 T

mat eri al , a pressure generator for generating supra- gpFRENGIISE
pressures wi tWPP4244) vessel and said die cavity, said pressure

generator comunicating wth said vessel via a conduit

seal ingly engaged thereto, 10 a shuttle for selectively noving said
. feed shoe body to and froma position whereby the bottom egress
~ opening registers with the die cavity, and a second conduit
- extending froma source of liquid solutions and associated with said
feed shoe body, said second 15 conduit delivering liquid solutions to
said die cavity. 11. The Pregs I zed feed shoe according to claim
10, further conprising a hopper regg%tive of a quantity of
particul ate material, said hopper having a di scharge opening t herein,
and a filling conduit passing through said ingress 20 opening and
ext endi ng between the discharge opening of the hopper and the
interior of the vessel. <t
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12. The Ppressurized feed shoe according to claim 10, wherein the
shuttl e noves the feed shoe body in a horizontal pl ane el gy@@9¥F -
and transveré@?@@“?ﬁé die cavity to a 25 position whereby sa?%égg e

openi ng overhangs said die cavity and downwardly noves said feed shoe
body to register said egress opening with the die cavity.

13. The pressurized -feed shoe accordigf to claim 12 further
conprising a valve associated with said /Deast one WD 97/ 47445
- 18 - PCT/ US97/ 09157 egress opening having a
closed position for containing particul ate material inside said
vessel and an open posid on for delivering particulate material to
said die cavity when sai d egress opening grErs W the die
cavity. 14. pressurized feed “Hga accor di Mt ge—ehgi m
13, .
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further conprising a |

di e cavi
15.

with said
10

The pressurized

ock for

mai nt ai ni ng said feed shoe body
downwar d posi‘i,bg%?mgreby sai.-d egress opening remains in

y while particulate materi al
f eed

fill

shoe according to

further conprising a selective barrier positioned in said

conduit at a point between the source of

interior of said feed
according to claim13,
t he bottom of said
particul ate material i
steps of:
cavity; 20

to a density that
particul ate materi al

shoe body.
15
shuttle.

n a die ca

(1) delivering said particulate materi al
(2) generating supra-atnospheric pressure within said die
cavity to preconpact the particulate materi al

liquid sol u
16. The pressu

17. A process
sai d process c

43,

PRENGo7/a8159N
s the die cavity.
claim 10,
second
tions and the
ri zed feed shoe

further conprising a wear plate nounted onto

for preconpacting
onprising the
to a die
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(3) conpacttng said particulate material to forman 25 article.

18. The proges ccordi ng to claim 17, further S5RIsb -
repeati ng thew&?s-’(Vé%/ step with at | east one addi ti onal gart |sgﬁ?%tg%

material and the pressure step before carrying out the conpacting

st ep. WO 97/ 47445 -19 -

PCT/ US97/ 09157 19. The process according to claim 17 wherein the
supr a- at nospheric pressure is varied during the pressure generating
step, thereby creating a density gradient in the particul ate mat eri al
in the die cavity 5 20. The proz?s§ of claim 17, further conprising
the step of adding liquid solution 0 said particulate material prior

to said conpacting step
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21. The process of claim 20, further conprising the step of vacuum'™ng -~

out said Iiqu nents before or during said 10 conpacti -
22. An appargkggﬁﬁgpgcontrolIing density in particulate ngggﬁpa gwﬁgéd

t o make conpacted articles, conprising: (1) a feed shoe for
delivering particulate materials to a die cavity, said feed shoe
conprising a vessel for receiving 15 a particulate material;

(2) a pressure gener at or for generati ng supr a- at nospheri c
pressures in said die cavity and said vessel; and (3) a shuttle

for noving said feed shoe to a position wher eby an opening in said

feed shoe aligns with said die 20 cavit wher eby particul ate

material is transferred to said die cavi&zg t hrough said feed shoe.

23. The apparatus of claim 22, wherein said supra- at nospheric
pressures are used to control the density of said 25 particulate
materials within said die cavity.
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24. A powdes wpress for making parts fromparticul ate materi al s

conpri si ng: (1) a feed shoe for delivering particul ledl S .
to a diVeO8H$T443  said feed shoe conprising a vessel for ?ggg#%?ﬁgsa

WD 97/ 47445 ' - 20 - PCT/ US97/ 09157 a
particul ate materi al; (2) a pressure gener at or for

generati ng supr a- at nospheric pressures in said die cavity and said
vessel ; (3) a shuttle for noving®g9id feed shoe to a position 5
wher eby an opening in said feed a agﬁrlsala Hi e cavity,

whereby particulate material is {gr %gﬁgﬁag said dip cavity t hr ough
sai d feed shoe; (4) a QEE%EZ#Y fining a Hie table of the

powder I

MOVE FEED SHOE
TO FILL POSITION

{

RELEASE PARTICULATE
MATERIAL INTO
DIE CAVITY

"

PRESSURIZE FEED
SHOE VESSEL

r

SHUT OFF PRESSURE;
MOVE FEED SHOE
ABOVE DIE CAVITY

IR D

— B |
1 ADD LIQUID .
1 COMPONENTS ,
| (OPTIONAL) _}

TR

| MOVE FEED SHOE

l TO INITIAL POSITION | ]
{

ACTIVATE ACTIVATE LIQUID
PRESS VACUUM (OPTIONAL)
. i
i |
| COMPACT PART e
EJECT PART
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: . IPOS photoraued.,
presé;‘ r (5) said shuttle mounted on its underside to tjgoper
surface of said wear plate. £
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(57) Abstract

A pressurized feed shoe (10} for delivering patticulg.te matma_ls to fill a die cavity (26) is provided. The feed shoe (10) includes a feed
shoe body (11) comprising a vessel for receiving a quantity of ?amculate material. The feed shoe body (11) has at least one bottom egress
opening (37) for registering with the die cavity (26) and a top ingress opening (36) for receiving particulate material. A pressure generator
for generating supra-atmospheric pressures within the vessel and the dze cavity is also provided. The pressure generator communicates with
the vessel via a conduit (13) scalingly engaged thereto. A.shuttle selectively moves the feed shoe body (11) to and from 2 position whereby
the bottom egress opening (37) registers with the die cavity (26).




