
EP 0211 643 B1 Description This invention relates generally to
consolidation of powder metal or ceramic parts to a range of 90% to full
density, and particularly parts comprising complex or compound shapes. 5
Attempts to employ powder metal and ceramic consolidation technology in the
production of acceptable parts having such shapes have proved difficult and
elusive. Typical of such parts are those having complex cross section or
sections with undercuts such as H shapes, and/or with holes through the
resultant parts. Examples are connecting rods for machines, and hand
wrenches, there being many other of similarly complex shape. However, the
advantages of powder metal technology are considerable, and 10 there is
great need for improved techniques to enable formation of such consolidated
metal parts and ceramics. EP-A-0 177 209 which is prior art under Art.
54(3) EPC and from which claim 1 of the present specification proceeds,
discloses a method of producing a metallic part employing powdered
material, comprising forming two or more powder preforms having a density
less than 100% corresponding to 15 sections of the part to be produced,
placing said preforms in adjacent relation and consolidating said preforms
at elevated temperature in a ceramic particulate bed. In particular, the
process applies to pre- sintered steel preforms but equally to preforms of
different kinds and to wrought or cast preforms and preforms of different
alloys. In a first experiment described two slugs are partially sintered to
20% porosity, the assembly of slugs 20 being heated with intervening
powder-cement mixture and then pressed in hot ceramic grain of a
temperature in excess of  [err] and a preform temperature of about the
same. US-A-2,341,860 discloses a method of producing metal parts having
internal cavities, employing powdered material, and comprising two powder
material preforms corresponding to sections of the part to \ be produced,
placing the preforms in adjacent relation and sintering the preforms at an
elevated 25 temperature to weld the sections together. US-A-3,429,500
discloses a method of producing a powdered metallic part employing powdered
material comprising the steps of forming two powder material preforms
respectively corresponding to the section of the part to be produced,
placing said preforms in adjacent relation and sintering said preforms at
an elevated temperature to weld the sections together. Brazing material may
be placed between the 30 preforms prior to sintering where additional
strength is required. The present invention provides a method of producing
a metallic, ceramic, or metal ceramic, part, employing powdered material,
comprising a) forming two or more oversize powder material preforms
respectively corresponding to two or more sections of the ultimate part to
be produced, b) sintering or pre- consolidating said preforms to partially
reduce their sizes, and densify the preforms to between 75% and 35 85% of
their ultimate densities achieved by subsequent consolidation, c) placing
dry metal or ceramic powder having the same composition as that of the
preforms in a layer between sides of said heated preforms which are then
placed in adjacent relation, the layer having a thickness between .001 and
.005 inches (.025 and .127 mm) and d) consolidating said preforms at
elevated temperature and pressure to reduce the sections to ultimate part
size by consolidation of the powder  material of the preforms and of 40
said layer and to weld the sections together, e) said step d) being carried
out by embedding said preforms in a grain bed at an elevated temperature in
the range [err] to [err]  to [er] and wherein the bed temperature is the
same as that of the preforms, and pressurizing said grain bed to transmit
consolidating pressure to the preforms and to said layer, the grain
consisting of material selected from the group consisting of carbonaceous
or ceramic particles. 45     Consolidating the joined sections at elevated
temperature and pressure increases their densities by overall size
reduction. As will appear, a recess or recesses may be formed in one or
more of the preforms to accept an insert or inserts to be maintained
therein during consolidation; and the preforms may have the same or
different metallic or ceramic compositions. 50    In the production of a
part or parts that contain lateral or oblique holes, or slots, or pockets,
in the final part, such openings being at a [err] angle, or an oblique
angle, relative to the direction of pressing of the part in the
consolidation process using an insert or inserts, the part may be bisected
along a plane that intersects the opening described. Then, in preparing the
preforms for such a part, such preforms are formed as segments of the final
part, each segment to contain half or nearly half of the previously
described slots, pockets, or holes. This technique greatly simplifies and
improves the quality of the preforms, both in uniformity of  density and
shape control. For example, if a preform is cold pressed in one piece with
a lateral feature or cavity in it, (i.e. an undercut slot or hole) a die
core insert must be used to form such cavity. It is difficult to get
uniform density of the preform powder around such an obstruction in the die
cavity. By splitting the cavity or feature and making the preform in two or
more sections bisecting the feature, the quality (uniformity of density) of
the preform is improved. Subsequent assembly, placement of an insert,
consolidation and bonding of the part, produces a quality finished product,
with the 



previous multi-sectioned preform now becoming an homogeneous one-piece
part. After consolidation, the inserts can be removed by chemical leaching
or mechanical displacement. Both pre-consolidation and ultimate
consolidation steps may be carried out in a bed or beds of hot [err] (as
for example ceramic or carbonaceous particles) to which pressure is
transmitted, as will appear. 2    EP O 211 643 B1 Some ways of carrying out
the invention will now be described in detail by way of example, and not by
way of limitation, with reference to drawings in which:- FIG. 1 is a flow
diagram showing steps of a method of the invention, including optional
steps; FIG. 2 is a section showing preform sections in assembled relation;
5      FIG. 2a is a fragmentary section illustrating a further step of the
method of the invention; FIG. 2b illustrates an optional step of the method
of the invention; FIG. 3 is a section like Fig 2, but showing a
consolidated part; FIG. 3a is a perspective view of a consolidated wrench;
FIG. 3b is a view of the wrench head, prior to assembly; 10     FIG. 4 is a
cut-away view showing the consolidation step of the invention; FIG. 5 is an
elevation showing a connecting rod from one edge; FIG. 6 is a section on
lines 6-6 of Fig. 5; FIG. 7 is a frontal elevation showing half of a
consolidated connecting rod i.e. a preform; FIGS. 8 and 9 are sections
taken on lines 8-8 and 9-9 of Fig. 7; and 15     FIG. 10 is an end view of
an assembled connecting rod. Detailed Description Referring first to Fig.
1, there is shown a flow diagram illustrating the method steps of the
present invention. As can be seen from numeral 10, initially metal,
metal-ceramic, or ceramic parts or particles of 20  manufacture or preforms
are made, for example, in the shape of portions of a wrench or other body.
While the preferred embodiment contemplates the use of metal preforms made
of powered steel particles, other metals and metal alloys, and ceramic
materials such as ferrite, silicon nitride, alumina, silica and the like
are also within the scope of the invention. Typical steel preform
compositions consist of iron alloyed with nickel and molybdenum as follows:
25 iron             between 96 and 100 wt.% nickel           between 0 and
2.0 wt.% 30 moybdenum        between 0 and 1.0 wt.% carbon
between 0.1 and 0.6 wt.% 35 A preform typically is about 80 to 85 percent
of theoretical density. After the powder has been made into a preformed
shape, it may typically be sintered in order to increase the strength.
Sintering of the metal preform (for example steel) requires temperatures in
the range of about 2,000 to 2,300F (1093 to 1260C) for a time of about 2 to
30 minutes in a protective atmosphere. In one embodiment, such protective,
non- 40  oxidizing inert atmosphere is nitrogen-based. Subsequent to
sintering, illustrated at 12, the preforms can be stored for later
processing. Should such be the case, the preform is subsequently reheated
to approximately [err]  in a protective atmosphere. Next, the preforms,
which are oversize in relation to the ultimate product, are assembled, as
by placing two preforms in side-by-side relation. See for example the two
preforms 31 and 32 in Figs. 2 and 3b 45  assembled along elongated
interface 33, and forming sections of a single preform in the shape of a
tool such as an adjustable wrench (for example) having a handle 34, and a
head 35. One or more of the segments of a part can be made from material
that is fully dense, Fig. 1, item 11. Specialty materials, such as tungsten
carbide, or threaded inserts can be bonded into the assembly. Next, the
associated preforms are consolidated at elevated temperature and pressure
to weld the 50  sections 31 and 32 together, reducing them to ultimate part
size, as depicted in Figs. 3 and 3a. The consolidation process, illustrated
at 16, and Fig. 4, typically takes place after the heated preforms have
been placed in a bed of heated particles as hereinbelow discussed in
greater detail. See also U.S. Patents 3,689,258; 3,356,496; 4,501,718 and
4,499,049, and GB-A-2147011 which are incorporated herein by reference. In
order to generate a desired high quantity of production alternating layers
or beds of heated 55  particles and hot preforms can be used or multiple
preforms are placed side-by-side in the bed of heated particles. Further,
in order to speed up production, consolidation can take place subsequent to
sintering, so long as the preforms are not permitted to cool. Consolidation
takes place by subjecting the embedded 



preforms to high temperature and pressure. For metal (steel) objects,
temperatures in the range of about [err]  and uniaxial pressures of about
25 TSI (tons per square inch) (345 x [err] Pa) are used. 60  Consolidation
takes place for other metals and ceramics at pressures of 10 to 60 TSI (138
x 106 Pa to 828 x [err] Pa), and temperature of 900 to [err] (482 to [err])
depending on the material. The preform has now been densified and can be
separated, as noted at 18, where the particles separate from the preform
and can be recycled as indicated at 19. If necessary, any particles
adhering to the preform can be easily removed and the final product can be
further finished. 65     Referring now to Fig. 4, the consolidation step is
more completely illustrated. The preform 20 has been 3    -   .
EP 0 211 643  B1 completely immersed in a bed of ceramic or carbonaceous
particles 22 as described, and which in turn have been placed in a
contained zone 24a as in consolidation die 24. Press bed 26 forms a bottom
platen, while hydraulic press ram 28 defines top and is used to press down
onto the particles 22 which distributes the applied pressure substantially
uniformly to preform 20. The preform and the bed of particles are at a 5
temperature between [err] and [err] (482 to [err]) prior to consolidation.
This temperature is determined experimentally for each material. The
embedded metal powder preform 20 is rapidly compressed under high
pseudo-isostatic pressure by the action of ram 28 in die 24: Fig. 3 shows a
consolidated article 20a. In Fig. 2a shows that dry metal powder is placed
in a thin layer 39 between the opposite sides of the 10 preforms, i.e. at
the interface 33 indicated in Fig. 2. The powder then consolidates during
step 16 to weld the consolidating preforms together. The powder has the
same composition as that of the preform, and the layer is between .001 and
.005 inches (.025 and .127 mm) thick, and may be in a volatile binder of
fugitive organic type. Examples are cellulose acetate, butyl acetate, and
stearates. The binder can be volatized as by drying for 3 to 24 hours at
room temperature, or by baking in a near oxidizing atmosphere for several
hours 15 at 70 to [err] (21 to [err] A recess may be formed in one or both
preforms, two opposing recesses in preform 31 and 32 being indicated at 40
and 41. Typically, an insert may be located in the recesses, as indicated
at 42 (Fig. 2b), the insert to be maintained therein during the
consolidation step 16, as to provide a final recess of predetermined size.
The insert is then removed after consolidation. Typical insert compositions
include 20 ceramics (such as quartz, zirconia and alumina) graphite, and
refractory metals and alloys or cemented carbides. When the insert is
smaller than the recesses, metal powder may be placed in the gap 43 between
the recess walls and the insert, to consolidate in a layer and clad the
recess walls, during the step 16. Such cladding may have the same
composition as the preforms, or a different metallic composition so as to
provide a bearing layer, for example. In this regard, the two preforms 31
and 32 may be different metallic 25 compositions; and the insert 42 may be
temporarily joined to one of the preforms and in the recess, prior to
consolidations. Fig. 1 shows the step that comprises pre-consolidation at
20b of one or both preforms, i.e. prior to assembly at 14. The
pre-consolidation step is carried out to press the preforms to between 75%
and 85% of their ultimate densities achieved by step 16. 30     Referring
now to Figs. 5 to 9, the method of the invention is employed in the
formation of a connecting rod 50. The preforms 51 for the connecting rod
are alike, and have the shape as seen in Fig. 7, showing one symmetrical
half of the Fig. 5, rod, viewed along line 7-7 of Fig. 5, such preforms
being assembled or joined along the interface 52 (half the distance between
opposite faces 53 of the connecting rod) in the same manner as described
above  in Fig. 2. 35      The preforms are initially cold pressed (using
metallic steel powder for example) in the proper oversize dimensions, to
about 80% of ultimate density of the connecting rod after consolidation.
When placed together, the two preform half sections 51 meet precisely, and
a thin layer of metal powder and binder is placed at interface 52 as
described above in Fig. 2a. Figure 10 is an end view of an assembled
connecting rod. inserts, as shown in Fig. 10 at 54, are placed 40 in the
cap bolt holes formed by the two halves of the connecting rod. Details of
these inserts are the same as described for item 42, Fig. 2b. The two half
sections which have been assembled together are heated to the forging
temperature of approximately [err]  and then placed in a grain bed, such
grain being heated also to around [err] and then consolidated to full
density and welded together in a die, as per Figure 4. During 45 this
process the two half sections are fully welded together in a fusion joint
which exhibits no cast metal and essentially disappears. The strength of
this joint is 100% of the fully dense parent material of the alloy. In
addition, the two half sections are consolidated to full 100% density for
the alloy used. The form and shape of the connecting rod being now
near-net-shape. Secondary operations for the connecting rod 



include, removal of the insert or inserts, sawing off the journal cap
through 9-9, machining, heat treatment, 50 finish grinding of bearing areas
and threading the holes for journal cap bolts. Claims 1. A method of
producing a metallic, ceramic or metal ceramic, part, employing powdered
material, 55 comprising a) forming two or more oversize powder material
preforms respectively corresponding to two or more sections of the ultimate
part to be produced, b) sintering or pre-consolidating said preforms to
partially reduce their sizes, and densify the preforms to between 75% and
85% of their ultimate densities achieved by subsequent consolidation, 60
c) placing dry metal or ceramic powder having the same composition as that
of the preforms in a layer between sides of said heated preforms which are
then placed in adjacent relation, the layer having a thickness between .001
and .005 inches (.025 and .127 mm) and d) consolidating said preforms at
elevated temperature and pressure to reduce the sections to ultimate part
size by consolidation of the powder material of the preforms and of said
layer and to weld the sections 65 together, 4    EP 0211 643 B1 completely
immersed in a bed of ceramic or carbonaceous particles 22 as described, and
which in turn have been placed in a contained zone 24a as in consolidation
die 24. Press bed 26 forms a bottom platen while hydraulic press ram 28
defines top and is used to press down onto the particles 22 which
distributes the applied pressure substantially uniformly to preform 20. The
preform and the bed of particles are at a 5  temperature between 900F and
[err] (482 to [err] prior to consolidation. This temperature is determined
experimentally for each material. The embedded metal powder preform 20 is
rapidly compressed under high pseudo-isostatic pressure by the action of
ram 28 in die 24: Fig. 3 shows a consolidated article 20a. In Fig. 2a shows
that dry metal powder is placed in a thin layer 39 between the opposite
sides of the 10  preforms, i.e. at the interface 33 indicated in Fig. 2.
The powder then consolidates during step 16 to weld the consolidating
preforms together. The powder has the same composition as that of the
preform, and the layer is between .001. and .005 inches (.025 and .127 mm)
thick, and may be in a volatile binder of fugitive organic type. Examples
are cellulose acetate, butyl acetate, and stearates. The binder can be
volatized as by drying for 3 to 24 hours at room temperature, or by baking
in a near oxidizing atmosphere for several hours 15 at 70 to [err] (21 to
[err]) A recess may be formed in one or both preforms, two opposing
recesses in preform 31 and 32 being indicated at 40 and 41. Typically, an
insert may be located in the recesses, as indicated at 42 (Fig. 2b), the
insert to be maintained therein during the consolidation step 16, as to
provide a final recess of predetermined size. The insert is then removed
after consolidation. Typical insert compositions include 20 ceramics (such
as quartz, zirconia and alumina) graphite, and refractory metals and alloys
or cemented carbides. When the insert is smaller than the recesses, metal
powder may be placed in the gap 43 between the recess walls and the insert,
to consolidate in a layer and clad the recess walls, during the step 16.
Such cladding may have the same composition as the preforms, or a different
metallic composition so as to provide a bearing layer, for example. In this
regard, the two preforms 31 and 32 may be different metallic 25
compositions; and the insert 42 may be temporarily joined to one of the
preforms and in the recess, prior to consolidations. Fig. 1 shows the step
that comprises pre-consolidation at 20b of one or both preforms, i.e. prior
to assembly at 14. The pre-consolidation step is carried out to press the
preforms to between 75% and 85% of their ultimate densities achieved by
step 16. 30     Referring now to Figs. 5 to 9, the method of the invention
is employed in the formation of a connecting rod 50. The preforms 51 for
the connecting rod are alike, and have the shape as seen in Fig. 7, showing
one symmetrical half of the Fig. 5, rod, viewed along line 7-7 of Fig. 5,
such preforms being assembled or joined along the interface 52 (half the
distance between opposite faces 53 of the connecting rod) in the same
manner as described above  in Fig. 2. 35     The preforms are initially
cold pressed (using metallic steel powder for example) in the proper
oversize dimensions, to about 80% of ultimate density of the connecting rod
after consolidation. When placed together, the two preform half sections 51
meet precisely, and a thin layer of metal powder and binder is placed at
interface 52 as described above in Fig. 2a. Figure 10 is an end view of an
assembled connecting rod. Inserts, as shown in Fig. 10 at 54, are placed 40
in the cap bolt holes formed by the two halves of the connecting rod.
Details of these inserts are the same as described for item 42, Fig. 2b. 



The two half sections which have been assembled together are heated to the
forging temperature of approximately 2000F [err] and then placed in a grain
bed, such grain being heated also to around 2000F (1093C), and then
consolidated to full density and welded together in a die, as per Figure 4.
During 45  this process the two half sections are fully welded together in
a fusion joint which exhibits no cast metal and essentially disappears. The
strength of this joint is 100% of the fully dense parent material of the
alloy. In addition, the two half sections are consolidated to full 100%
density for the alloy used. The form and shape of the connecting rod being
now near-net-shape. Secondary operations for the connecting rod include,
removal of the insert or inserts, sawing off the journal cap through 9-9,
machining, heat treatment, 50 finish grinding of bearing areas and
threading the holes for journal cap bolts. Claims 1. A method of producing
a metallic, ceramic or metal ceramic, part, employing powdered material, 55
comprising a) forming two or more oversize powder material preforms
respectively corresponding to two or more sections of the ultimate part to
be produced, by sintering or pre-consolidating said preforms to partially
reduce their sizes, and densify the preforms to between 75% and 85% of
their ultimate densities achieved by subsequent consolidation, 60     c)
placing dry metal or ceramic powder having the same composition as that of
the preforms in a layer between sides of said heated preforms which are
then placed in adjacent relation, the layer having a thickness between .001
and .005 inches (.025 and .127 mm) and d) consolidating said preforms at
elevated temperature and pressure to reduce the sections to ultimate part
size by consolidation of the powder material of the preforms and of said
layer and to weld the sections 65 together,    EP 0 211 643 B1 e) said
step-d) being carried out by embedding said preforms in a grain bed at an
elevated temperature [err]  range [err] to [err]  to [err] and wherein the
bed temperature is the same as that of the preforms, and pressurizing said
grain bed to transmit consolidating pressure to the preforms and to said
layer the grain consisting of material selected from the group consisting
of carbonaceous or ceramic 5  particles. 2. The method of claim 1 wherein
said a) step includes forming a recess at the interface in at least one of
the preforms and locating an insert in said recess, the insert being
maintained in said recess during said d) step, and then removing the
insert. 3. The method of claim 2 wherein the insert has a composition
selected from the group that includes: 10 - ceramic such as silica,
zirconia, alumina carbide or nitride - graphite - refractory alloy or metal
alloy - quartz 15     - cemented carbide 4. The method of claim 2 or 3
wherein said preforms are formed to be elongated and to have elongated
sides, the recess having sections formed in both of said preforms, said d)
step being carried out to register said recess sections. 20     5. The
method of claim 4 including locating said insert in said recess prior to
said step c). 6. The method of claim 2,3,4 or 5 wherein said insert is
smaller than said recess, and including placing powder metal or ceramic in
the recess and about the insert to clad the recess walls during said d)
step. 7. The method of any one of claims 2 to 6 including temporarily
joining said insert to at least one of the preforms and in position in the
recess, prior to said d) step of claim 1. 25     8. The method of any
preceding claim wherein said preforms respectively have different metallic
or chemical compositions. 9. The method of any preceding claim wherein said
preforms have a composition consisting of iron alloyed with nickel, carbon
and molybdenum. 10. The method of any preceding claim wherein one or more
of the sections of the final part is or are 30 formed to consist of a fully
dense metal, metal-ceramic or ceramic composition. Patentanspriche 1.
Verfahren zum Herstellen eines metallischen, keramischen oder
metallisch-keramischen Tails unter 35 Verwendung von Pulvermaterial, bei
dem a) zwei oder mehr Pulvermaterial-Vorformen von ObergriBe gebildet
werden, die jeweils zwei oder mehr Abschnitten des herzustellenden
endgOltigen Teils entsprechen, b) die Vorformen zur teilweisen Verringerung
ihrer Gr6Be gesintert oder vorverfestigt und die 



Vorformen auf 75% bis 85% ihrer endgOltigen, durch oie nachfolgende
Verfestigung erzielten Dichte 40 verdichtet werden, c) trockenes Metall-
odor Keramikpulver von der gleichen Zusammensetzung wie die der Vorformen
in einer Schicht zwischen solchen Seiten der erwArmten Vorformen
aufgebracht wird, die sodann in eine Nebeneinanderstellung gebracht werden,
wobei die Schicht eine Dicke von 0,001 bis 0,005 Zoll (0,025 bis 0,127 mm)
aufweist, und 45     d) die Vorformen bei erh6hter Temperatur und Druck
verfestigt werden, um die Abschnitte auf endgultige Teilgr6Be durch
Verfestigung des Pulvermaterials der Vorformen und der Schicht zu
reduzieren und die Abschnitte. zusammenzuschweiBen, e) wobei der Schritt d)
in der Weise ausgefihrt wird, daB die Vorformen in ein Kornbett bei einer
erh6hten Temperatur im Bereich von 900F bis 40000F (482'C bis 2204C)
eingebettet werden, wobei die 50 Bettemperatur die gleiche wie diejenige
der Vorformen ist, und das Kornbett zur Ubertragung von Verfestigungsdruck
auf die Vorformen und auf die Schicht unter Druck gesetzt wird, wobei das
Korn aus einem Material besteht, das aus der aus Kohlenstoff- oder
Keramikpartikeln bestehenden Gruppe ausgewihlt wird. 2. Verfahren nach
Anspruch 1, bei dem der Schritt a) die MaBnahme umfaBt, daB eine Aussparung
an 55  der Grenzfliche in zumindest einer der Vorformen gebildet und ein
Einsatz in die Aussparung eingebracht wird, wobei der Einsatz in der
Aussparung wahrend des Schrittes d) belassen und sodann der Einsatz
entfernt wird. 3. Verfahren nach Anspruch 2, bei dem der Einsatz eine
Zusammensetzung besitzt, die aus folgender Gruppe ausgewahit ist: 60 -
Keramikmaterial wie Siliziumdioxid, Zirkonoxid, Aluminiumoxid, Karbid oder
Nitrid, - Graphit, -feuerfeste Legierung oder Metallegierung, - Quarz, 65
- Sinterkarbid. 5                   1 |ii III Hll 111ill 1 fIIU    EP 0211
643  1 4.Verfahren nach Anspruch 2 oder 3. bei dem die Vorformon so geformt
werden, daB sio langgestreckt >und lafggestreckte Soiten aufweisen, die
Aussparung Abschnitte besitzt, die in beiden Vorformen gi3ldot sind, und
der Schritt d) so ausgefuhrt wird, daB die Aussparungsabschnitte in
Obereinstimmung kc rr men. 5     6. Verfahren nach Anspruch 4, bei dem der
Einsatz in die Aussparung vor dem Schritt c) eingebracht wird. 6. Verfahren
nach Anspruch 2, 3, 4 oder 5, bei dem der Einsatz kleiner als die
Aussparung ist, wobei Metall- oder Keramikpulver in die Aussparung und um
den Einsatz eingebracht wird, um  die Aussparungswinde wahrend des
Schrittes d) auszukleiden. t0    7. Verfahren nach einem der Anspruche 2
bis 6, bei dem der Einsatz zeitweilig mit zumindest einer der Vorformen und
in Position in der Aussparung vor dem Schritt d) des Anspruchs 1 verbunden
wird. 8. Verfahren nach oinern beliebigen vorhergehenden Anspruch, bei dem
die Vorformen jeweils unterschiedliche metallische oder chemische
Zusammensetzungen aufweisen. 9. Verfahren nach einem beliebigen
vorhergehenden Anspruch, bei dem die Vorformen sine t5 Zusammensetzung
aufweisen, die aus mit Nickel, Kohlenstoff und Molybdan legiertem Eisen
besteht. 10. Verfahren nach einem beliebigen vorhergehenden Anspruch, bei
dem ein oder mehr Abschnitte des Endteils derart ausgebildet ist bzw. sind,
daB or bzw. sle aus einer voll dichten metallischen, met".l- keramischen
oder keramischen Zusammensetzung besteht bzw. bestehen. 20
.% Revendications 1. Procede de fabrication d'une piece metallique,
c6ramique ou de cermet utilisant de la matiere on < poudre, comprenant les
etapes de: 25     a) former deux ou plusieurs ebauches surdimensionnees en
matiere en poudre correspondent respectivement a deux ou plusieurs sections
d'une piece finale a produire, bi fritter ou precompacter lesdites ebauches
pour reduire partiellement leurs dimensions, et densifier les 6bauches
jusqu'a environ une valeur comprise entre 75 et 80% de leurs densites
finales realiseos par une densification subsequente, 30     c) placer de la
poudre seche m6tallique ou ceramique de meme composition que les ebauches
en forme de couche entre les c6tes des ebauches chauffees qui sont onsuite
placees c6t6 h c6te, Is couche 



ayant une epaisseur comprise entre 0,001 et 0,005 pouces (0,025 et 0,125
mm) et d) consolider lesdites ebauches a temperature et pression elevees
pour reduire les sections a la grandeur finale de la piece par
densification de la matiere en poudre des ebauches et de ladite couche et
35  pour souder les sections ensemble, e) I'etape d) etant realis6e en
noyant lesdites preformes dens un lit granulaire a une temperature 6levee
dans le domaine de 900F a 4000rF (4820C a 2204C), et dans lequel la
temperature du lit est la meme que cello des ebauches, et en comprimant
ledit lit granulaire pour transmettre Ia pression de densification aux
ebauches et a ladite couche, la matiure granulaire du lit ccasistant en une
matiere choisie du groupe torm6 40  par les particules carbon6es et
ceramiques. 2. Procede selon la revendication 1, dens lequel l'itape a)
comprend la formation d'un creux a l'interface dens au moins une des
ebauches et de placer une insertion dans ledit creux, l'insertion Mtant
maintenue dons ledit creux pendant l'etape d), et d'enlever onsuite
l'insertion. 3. Proced6 selon la revendication 2, dans lequel l'insertion a
une composition choisie du group. qui comprend: - les matieres ceramiques
telles quo silice, circone. oxyde d'aluminium. carbure ou nitrure -
graphite - alliage r6fractaire ou alliage metallique 50     -quartz -
carbure cemente. 4. Procede selon la revendication 2 ou 3, dens loquel les
ebauches sont formees de sone a etre allongees et d'avoir des c6tes
allongis, le creux ayant des sections formees dons les deux desdites 55
ebauches, I'6tape c) etant realisee afin d'aligner lesdites sections de
creux. 5. Procede selon la revendication 4, dens lequel l'insertion est
placee dans ledit croux avant ladite 6tape c). 6. Procede selon la
revendication 2,3,4 ou 5, dens lequel ladite insertion est plus petite quo
ledit creux et qui comprend l'etape de placer le metal ou c6ramique en
poudre dens le creux et autour de l'insertion 60 pour plaquer les parois du
creux pendant ladite etape dW. 7. Procede selon l'une quelconque des
revendications 2 a 6, dens lequel ladite insertion est au moins
temporairement unie a une des 6bauches et en position dens ledit creux
avant ladite stape d) de la revendication 1. 8. Procede selon l'une
quelconque des revendications pricedentes, dons lequel ios 6bauches ont 65
respectivement des compositions differentes m6talliques ou chimiques. 6 *c
L  N  s*    EP 0211 643 B1 9. Proc d6 solon Iune quelconque des
revendications pr6c6dentes, dens loquol lesdites 6bauchos ont .C7-e
composition cQm osoe de for allie au nickel, carbone ou molybdone. IJ 10.
Procod6 solon l'une quolconque des revendications prec6dentes, dans lequel
uno ou plusieurs sfcions de Ia p1iec finale est ou sont formde(s) de sorts
a avoir une composition entiorement dense 5 mballique, de cormet ou
c6ramique. to 15 20 25 30 35 40 45 50 55 60 65 7
11iil1ii ll ll l1i    


