(19 DANMARK (10 DK/EP 3148733 T3

(12) Overseettelse af
europaeisk patentskrift

Patent- og
Varemeaerkestyrelsen

(51) Int.CI.: B22F 3/15(2006.01) B 22 D 25/02 (2006.01) B 22 F 5/00(2006.01)
B22F 7/06 (2006.01) B22F 7/08 (2006.01) F 04 D 29/02 (2006.01)
F 04 D 29/28 (2006.01)

(45) Oversaettelsen bekendtgjort den: 2024-01-02

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgerelse om meddelelse af patentet: 2023-11-01

(86) Europaeisk ansggning nr.: 15726120.7

(86) Europaeisk indleveringsdag: 2015-05-28

(87) Den europeaeiske ansggnings publiceringsdag: 2017-04-05
(86) International ansegning nr.: EP2015061903

(87) Internationalt publikationsnr.: WO2015181328

(30) Prioritet: 2014-05-30 IT CO20140017

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: Nuovo Pignone Tecnologie - S.r.l., Via Felice Matteucci 2, 50127 Florence, ltalien

(72) Opfinder: MASI, Gabriele, Via Felice Matteucci 2, 50127 Florence, Italien
BELLACCI, Michelangelo, Via Felice Matteucci 2, 50127 Florence, Italien
CAPPUCCINI, Filippo, Via Felice Matteucci 2, 50127 Florence, Italien
I0ZZELLI, Federico, Via Felice Matteucci 2, 50127 Florence, Italien

(74) Fuldmaegtig i Danmark: Novagraaf Brevets, Batiment 02, 2 rue Sarah Bernhardt CS90017, F-92665 Asniéres-sur-
Seine cedex, Frankrig

(54) Benaevnelse: FREMGANGSMADE TIL FREMSTILLING AF EN KOMPONENT TIL EN TURBOMASKINE

(56) Fremdragne publikationer:
EP-A1- 2 388 091
EP-A2-0 629 770
WO-A1-00/13823
WO-A1-2004/030850
WO-A1-2011/121186
US-A1- 2007 020 134



DK/EP 3148733 T3



DK/EP 3148733 T3

DESCRIPTION

TECHNICAL FIELD

[0001] Embodiments of the subject matter disclosed herein relate to methods of manufacturing
a component of a turbomachine, components of turbomachines and turbomachines.

BACKGROUND ART

[0002] EP 0 629 770 A2 discloses a ring capsule in which fibre reinforced rings are arranged.
The ring capsule is filled with metal powder.

[0003] One of the technology used for manufacturing components of turbomachines is powder
metallurgy hot isostatic pressing, in short P/M-HIP; this technology is used for example for
manufacturing closed impellers of centrifugal compressors made of metal material.

[0004] One of the reasons why this technology is attractive is that, through a particular
approach, it allows to manufacture metal parts that do not need further machining or need
limited amount of machining of the whole part or at least of some surfaces of the part; in this
case, the technology is referred to as "Net-Shape HIP"; although this approach may be applied
both to external surfaces and internal surfaces of a part, it is particularly useful when applied to
the internal surfaces as machining of these surfaces is difficult or, sometimes, even impossible.

[0005] The cost and the time of machining depend on the type of material to be machined, the
quantity of material to be removed, the accessibility of the material to be removed, and the
machining technology used; for example, milling is relatively quick but a milling tool is
(relatively) quite small while Electric Discharge Machining is slower but an EDM tool is
(relatively) quite bigger.

[0006] In order to obtain a finished or almost-finished part, i.e. with "net shape surfaces”, it is
necessary to simulate accurately the behavior of the (metal) container, the (metal) powder and
the HIP equipment used for manufacturing the part.

[0007] Furthermore, even if accurate simulations are carried out, some real manufacturing
trials (typically one or two or three) are necessary in order to meet the required design
dimensional tolerances of complex part; after each trial, the obtained part is checked and
measured and some changes are made to the container and/or to the HIP process parameters
(for example the pressure curve and/or the temperature curve).

[0008] Therefore, the "net shape surfaces" approach is generally applied only to few specific
surfaces and not to all surfaces of a part to be manufactured.
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[0009] Simulations and trials impact on the time and the cost necessary for starting the
production of a new part and, therefore, are a problem especially for single-part production or
small-series production. In the field of oil & gas, there are some parts of some turbomachines
that are "single parts"; in other words, such part of a turbomachine is different from any part of
any turbomachine that was manufactured in the past and from any part of any turbomachine
that will be manufactured in the future, even if such part may be quite similar to the past parts
and to the future parts.

SUMMARY

[0010] The present invention is defined in the accompanying claims.

[0011] According to the P/M-HIP technology, a container is used for defining the outside
surfaces of the component to be manufactured and the container is filled with metal powder,
evacuated of the gas present inside and sealed, and then the powder is consolidated by a Hot
Isostatic Pressure thermal cycle; usually, the manufacturing process ends with the removal of
the container; the "outside surfaces” of a body are those surfaces that delimit the body
externally and therefore do not include the surfaces of through holes and of internal cavities.

[0012] The Applicant has used P/M-HIP also for manufacturing parts having one or more
internal channels, including internal channels with tight tolerances such as for example working
fluid flow paths; for this purpose, one or more cores have been used, in addition to the
container, in order to define inside surfaces of the component, i.e. the surfaces defining the
channels.

[0013] During a P/M-HIP process, when heat and pressure is applied, not only the metal
powder, but also the container and the cores, if any, deform. This leads, for example, to a
change in the shape, size and position of any internal channel of the manufactured part.

[0014] The higher the deformations the more manufacturing trials are necessary, as high
deformations are difficult to be predicted exactly through simulation.

[0015] The Applicant has thought that if deformations should be sufficiently low, simulations
would be necessary but real manufacturing trials would not be necessary; in this way, the time
and the cost for starting the production of a new part through P/M-HIP would be reduced
considerably.

[0016] The Applicant has considered that the highest deformations are caused by those
regions of the container where there is a lot of mass of metal powder that is subject to the
highest shrinkage; anyway, in general, deformations can not be reduced by simply changing
the shape and size of the container or the shapes and sizes of its regions because these
shapes and sizes are strongly related to the shapes and sizes of the part to be manufactured.
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[0017] The Applicant has conceived to locate at least one metal insert inside the container
before filling the container with metal powder; the metal insert is to be located in a region of the
container having a big or the biggest volume, i.e. where a lot of mass of metal powder (that is
subject to a high or the highest shrinkage) would locate according to a traditional P/M-HIP
process; in general, more than one insert may be used.

[0018] As the metal insert is fully solid, its shrinkage during the P/M-HIP process is much
smaller, typically null or almost null, than that of a corresponding mass of metal powder, and
this leads to smaller overall deformations and changes in the shape and size of the
manufactured part, in particular of its surfaces. According to the present invention, such insert
is left in the part after the end of its manufacturing.

[0019] If the part to be manufactured has one or more internal channels, one or more metal
cores may be located inside the container before filling the container with metal powder, and
the one or more cores are removed from the part before the end of its manufacturing. In this
case, also the shape, size and position of the one ore more internal channels, in particular their
surfaces, experience small deformations and changes (smaller than those obtained according
to the prior art methods).

[0020] First exemplary embodiments relate to methods of manufacturing a component of a
turbomachine by powder metal hot isostatic pressing, using a container defining outside
surfaces of the component; at least one metal insert is located inside the container before
filling the container with metal powder; the insert is left in the component after the end of its
manufacturing. According to such embodiments, at least one metal core may be located inside
the container before filling the container with metal powder; this core is removed from the
component before the end of its manufacturing.

BRIEF DESCRIPTION OF DRAWINGS

[0021] The present invention will become more apparent from the following description of
exemplary embodiments to be considered in conjunction with accompanying drawings wherein:

Figure 1 shows a simplified cross-sectional view of a first arrangement (according to the prior
art) for manufacturing a first mechanical part by powder metal hot isostatic pressing, and a
corresponding turbomachine component;

Figure 2 shows a simplified cross-sectional view of a second arrangement (according to the
present invention) for manufacturing the first mechanical part by powder metal hot isostatic
pressing, and a corresponding turbomachine component;

Figure 3 shows a simplified cross-sectional view of a third arrangement (according to the prior
art) for manufacturing a second mechanical part by powder metal hot isostatic pressing, and a
corresponding turbomachine component;
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Figure 4 shows a simplified cross-sectional view of a fourth arrangement (according to the
present invention) for manufacturing the second mechanical part by powder metal hot isostatic
pressing, and a corresponding turbomachine component;

Figure 5 shows a cross-sectional partial view of a fifth arrangement (according to the present
invention) for manufacturing the second mechanical part by powder metal hot isostatic
pressing;

Figure 6 shows a cross-sectional partial view of a sixth arrangement (according to the present
invention) for manufacturing the second mechanical part by powder metal hot isostatic
pressing;

Figure 7 shows a cross-sectional partial view of a seventh arrangement (according to the
present invention) for manufacturing the second mechanical part by powder metal hot isostatic
pressing; and

Figure 8 shows a cross-sectional partial view of a eighth arrangement (according to the
present invention) for manufacturing the second mechanical part by powder metal hot isostatic
pressing.

DETAILED DESCRIPTION

[0022] The following description of exemplary embodiments refer to the accompanying
drawings. The same reference numbers in different drawings identify the same or similar
elements. The following detailed description does not limit the invention. Instead, the scope of
the invention is defined by the appended claims.

[0023] Reference throughout the specification to "one embodiment” or "an embodiment"
means that a particular feature, structure, or characteristic described in connection with an
embodiment is included in at least one embodiment of the subject matter disclosed. Thus, the
appearance of the phrases "in one embodiment” or "in an embodiment” in various places
throughout the specification is not necessarily referring to the same embodiment. Further, the
particular features, structures or characteristics may be combined in any suitable manner in
one or more embodiments.

[0024] In the following exemplary description, it must be assumed that all parts shown in the
figures are manufactured by powder metal hot isostatic pressing, i.e. P/M-HIP, even fif,
sometimes, other technologies might be used.

[0025] Fig.1B shows a simplified cross-sectional view of a first turbomachine component 10, in
particular a rotor wheel of a turbine, that has an axial symmetry (corresponding to the rotation
axis); this component is manufactured by P/M-HIP.
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[0026] Fig.1A shows a container 11 used for manufacturing component 10 by P/M-HIP;
according to this technology, the container 11 is filled with metal powder. The container 11
defines the outside surfaces of the component 10; in particular, there are a top surface 12A
(substantially circular), an upper vertical surface 12B, an upper horizontal surface 12C, an
intermediate vertical surface 12D, a lower horizontal surface 12E, a lower vertical surface 12F,
a bottom surface 12G (substantially circular).

[0027] In the example of Fig.1, high deformations may be caused for example by region 19 of
the container 11 where there is a lot of metal powder (that is subject to high total shrinkage)
when the container 11 is filled with powder; in this example, the region 19 has the shape of an
ellipsoid. This means that without adequate simulations and without real manufacturing trials,
all the surfaces 12A, 12B, 12C, 12D, 12E, 12F, 12G of the component 10 will have shapes,
positions and sizes different from the desired ones.

[0028] It is to be noted that the shapes, positions and sizes of the walls of the container
change during the P/M-HIP process; anyway, in Fig.1, for the sake of drafting simplicity, the
shapes, positions and sizes of the internal surfaces of the container 11 before the start of the
process correspond to the shapes, positions and sizes of the external surfaces of the
component 10 after the end of the process.

[0029] According to the teaching of the present invention - see Fig.2, a metal insert 23 is used
for manufacturing a component 20 corresponding to the component 10 of Fig.1; it is to be
noted that the component 10 and the component 20 have identical or very similar outside
surfaces but they have different structure, i.e. are different inside.

[0030] Container 21 is similar to container 11.

[0031] The insert 23 is located inside the container 21 before filling the container 21 with metal
powder (see Fig.2A) and is left in the component 20 after the end of its manufacturing (see
Fig.2B).

[0032] The insert 23 has a shaped that is similar to that of the bulk portion of the component.
In this way, it's possible to reduce the space between the container and the insert during the
hot isostatic pressing and consequently the thickness of the component in the area next to the
insert. Since the thickness of metal in this region of the component is reduced, when the
component cools the risk of shrink is reduced.

[0033] The insert 23 of the embodiment of Fig.2 has the shape of a truncated cone and is
coaxial with the container 21; it occupies most of the region 19 shown in Fig.1A (which is
important), but it extends even beyond the region 19 shown in Fig.1A. Other shapes may be
possible, for a cone shape, a prism shape, a truncated pyramid shape, a sphere shape, an
ellipsoid shape, ....
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[0034] It is to be noted that the container 11 in Fig.1A and the container 21 in Fig.2A are drawn
identical; for the sake of drafting simplicity; anyway, due to the presence of the insert, the two
containers may be quite different because their overall deformations during the P/M-HIP
process are different even if the component 10 and the component 20 have identical or very
similar outside surfaces; in particular, the overall deformation of the container 11 is higher than
the overall deformation of the container 21 as the material in the region 19 of the container 11
shrink much more than the corresponding region of the container 21 where there is the insert
23 (whose deformation is typically null or almost null).

[0035] In the embodiment of Fig.2, the insert 23 has two surfaces adjacent to the container 21.
Therefore, these two surfaces correspond to outside surfaces of the component 20 (see
Fig.2B); specifically, these two surfaces are portions of surfaces 22A and 22G.

[0036] Thanks to the insert 23, it will be easier to manufacture component 20 by P/M-HIP,
without real manufacturing trials, with very accurate surfaces, in particular surfaces 22B and
22F that are close to the insert 23, as well as surfaces 22A and 22G.

[0037] Fig.3B shows a simplified cross-sectional view of a second turbomachine component
30, in particular a closed centrifugal impeller of a centrifugal compressor, that has an axial
symmetry (corresponding to the rotation axis)(to be precise it is an antisymmetry) and an axial
through hole; this component is manufactured by powder metal hot isostatic pressing, i.e. P/M-
HIP.

[0038] Fig.3A shows a container 31 used for manufacturing component 30 by P/M-HIP;
according to this technology, the container 31 is filled with metal powder. The container 31
defines the outside surfaces of the component 30; in particular, there are a top surface 32A
(substantially ring-shaped), an upper vertical surface 32B, an upper horizontal surface 32C, an
intermediate vertical surface 32D, a lower horizontal surface 32E, a lower vertical surface 32F,
a bottom surface 32G (substantially ring shaped) and an internal vertical surface 32H (that has
for example a cylindrical shape and defines the through hole of the component); in this
example, the container 31 has a circular through hole, but alternatively it may comprise a fully
solid and rigid cylindrical part.

[0039] Furthermore, the component 30 has a plurality of internal flow paths 35; in order to
define the surfaces of the plurality of through holes 35 a corresponding plurality of metal cores
34 are located inside the container 31; alternatively, the cores 34 may correspond to the arms
of a single body. The metal cores are located inside the container 31 before filling the container
31 with metal powder (see Fig.3A), and are removed from the component 30 before the end of
its manufacturing (see Fig.3B).

[0040] In the example of Fig.3, high deformations may be caused for example by region 39 of
the container 31 where there is a lot of metal powder (that is subject to high total shrinkage)
when the container 31 is filled with powder; in this example, the region 39 has the shape of a
ring. This means that without adequate simulations and without real manufacturing trials, all
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the outside surfaces 32A, 32B, 32C, 32D, 32E, 32F, 32G and 32H of the component 30 and all
the inside surfaces of the component 30 (i.e. the surfaces defining the internal paths 35) will
have shapes, positions and sizes different from the desired ones; this is particularly
disadvantageous for the inside surfaces as accurately machining these surfaces is difficult or,
sometimes, even impossible.

[0041] It is to be noted that the shapes, positions and sizes of the walls of the container
change during the P/M-HIP process; anyway, in Fig.3, for the sake of drafting simplicity, the
shapes, positions and sizes of the internal surfaces of the container 31 before the start of the
process correspond to the shapes, positions and sizes of the external surfaces of the
component 30 after the end of the process.

[0042] According to the teaching of the present invention - see Fig.4, a metal insert 443 is
used for manufacturing a component 40 corresponding to the component 30 of Fig.3; it is to be
noted that the component 30 and the component 40 have identical or very similar outside
surfaces but they have different structure.

[0043] Container 41 is similar to container 31.

[0044] The insert 443 is located inside the container 41 before filling the container 41 with
metal powder (see Fig.4A) and is left in the component 20 after the end of its manufacturing
(see Fig.4B).

[0045] The cores 44 are located inside the container 41 before filing the container 41 with
metal powder (see Fig.4A) and are removed from the component 40 before the end of its
manufacturing (see Fig.4B).

[0046] The insert 443 of the embodiment of Fig.4 has the shape of a ring and is coaxial with
the container 41; it occupies most of the region 39 shown in Fig.3A (which is important), but it
extends even beyond the region 39 shown in Fig.3A. The shape of the cross-section of this
ring is such as to occupy most of the space between the flow path cavities and the rotation axis
of the component.

[0047] It is to be noted that the container 31 in Fig.3A and the container 41 in Fig.4A are
drawn identical; for the sake of drafting simplicity; anyway, due to the presence of the insert,
the two containers may be quite different because their deformations during the P/M-HIP
process are different even if the component 30 and the component 40 have identical or very
similar outside surfaces; in particular, the overall deformation of the container 31 is higher than
the overall deformation of the container 41 as the material in the region 39 of the container 31
shrink much more than the corresponding region of the container 41 where there is the insert
443 (whose deformation is typically null or almost null).

[0048] In the embodiment of Fig.4, only one insert is provided and is a bulk insert in a single
piece.
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[0049] In the embodiment of Fig.4, the insert 443 has one surface adjacent to the container
41. Therefore, this surface corresponds to an outside surface of the component 40 (see
Fig.4B); specifically, this surface is a portion of surface 42H.

[0050] In the embodiment of Fig.4, the insert 443 has no surface adjacent to the core 44 (see
Fig.4A); a surface of the insert 443 is close to the core 44 and substantially parallel.

[0051] Thanks to the insert 443, it will be easier to manufacture component 40 by P/M-HIP,
without real manufacturing trials, with very accurate surfaces, in particular outside surfaces
and, even more important, inside surfaces, i.e. the surfaces defining the flow paths 45 (where
the cores 44 are located before removal at the end of manufacturing).

[0052] The embodiment of Fig.5 is very similar to the embodiment of Fig.4.

[0053] The difference consists in that the metal insert 543 is a bulk insert in a plurality of
pieces; each of the pieces is ring-shaped; the pieces are separate and adjacent to each other
(i.e. fully in contact) so to form a single body within the metal powder before filing the
container; alternatively, for example, the pieces of the insert are separate and (a little) distant
from each other so that some metal powder may fill the gap between them and facilitate
bonding of these pieces; preferably, the distance is preferably in the range from 0.5 mm to 5.0
mm.

[0054] As Fig.5 is an enlarged view, it is possible to see more details of the container 41. For
example the container 41 comprises recesses designed to lock the insert 543 and the core 44;
specifically, there are a first recess in the top wall and a second recess in an intermediate
vertical wall of the container for locking respectively a first and a second end of the core;
specifically, there is a third recess in the internal vertical wall of the container for locking and
keeping them together the various pieces of the insert.

[0055] In the embodiment of Fig.6, the metal insert 643 is a bulk insert in a plurality of pieces;
the plurality of pieces are separate from each other (even if partially in contact) so to form a
plurality of bodies within the metal powder before filling the container. In Fig.6, the bodies have
different shapes of geometric figures an similar size; anyway, there are many other possibilities
including for example irregular figures and/or different sizes, such as for example gravel.

[0056] The embodiment of Fig.7 is similar to the embodiment of Fig.4.

[0057] The difference consists in that the metal insert 743 has a surface adjacent to the core
44.

[0058] As Fig.7 is an enlarged view, it is possible to see more details of the container 41. For
example the container 41 comprises recesses designed to lock the core 44; specifically, there
are a first recess in the top wall and a second recess in an intermediate vertical wall of the
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container for locking respectively a first and a second end of the core.

[0059] The insert 743 is reasonably locked inside container 41 as it is ring-shaped and it is
adjacent to both the cores 44 and a wall of the container 41 (see Fig.7 below) so that it can not
move.

[0060] The embodiment of Fig.8 is very similar to the embodiment of Fig.7.

[0061] The difference consists in that the metal insert 843 has also another surface adjacent to
the container.

[0062] Specifically, there is a recess in the internal vertical wall of the container for locking,
even better, the insert 843.

[0063] Preferably, the metal material of the insert and the metal material of the powder for the
P/M-HIP are the same; in this way, the two parts of the component match and join very well;
furthermore, in this way, it is easier to define heat treatments for the component as the same
heat treatment would work equally well for both the solid insert and the hot-pressed powder.

[0064] In principle, different materials may also be used for the insert and the powder.

[0065] One or more of the surfaces of the insert may have protrusions (e.g. ribs) and/or may
be corrugated or textured or rough; if this regards a surface at the interface between the
powder and the insert, a better connection between the pressed powder and the insert may be
achieved and a more reliable and more strong joint may be obtained.

[0066] The insert is preferably fully solid and preferably rigid. It is manufactured before the
component, even a long time before. It may be manufactured in different ways: by powder
metal hot isostatic pressing, by additive manufacturing, by forging, by casting (for example
investment casting), ....

[0067] The container may be removed from the component before the end of its
manufacturing, as it is common according to the P/M-HIP technology, and as it is shown in
Fig.1, Fig.2, Fig.3, Fig.4. Usually, the container is removed by machining (for example turning
or milling) and/or by pickling.

[0068] Alternatively, the container may be left, at least partially, in the component after the end
of its manufacturing.

[0069] Usually, the container is made of carbon steel; if it has to be removed, it may be useful
to use low carbon steel in order to facilitate removal.

[0070] As already said, the core or cores, if any, are removed from the component before the
end of its manufacturing. Usually, the core or cores are removed by machining (for example
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drilling or milling) and/or by pickling. Usually, the core or cores are made of carbon steel,
preferably low carbon steel in order to facilitate removal.

[0071] In some of the embodiments shown in the annexed figures, the metal insert is locked to
the container by means of recesses in an inside wall of the container. Anyway, according to
alternative embodiments, the insert is locked to the container by means of pins.

[0072] In all the embodiments shown in the annexed figures, the metal insert has the shape of
a ring. Anyway, according to alternative embodiments, the insert consists of a plurality (for
example two of e.g. 180° or three of e.g. 120° or four of e.g. 90°) sectors adjacent to each
other or separate and (a little) distant from each other; furthermore, the sectors may be fixed
to each other.

[0073] In all the embodiments shown in the annexed figures, the metal insert is fully inside the
container. Anyway, according to alternative embodiments, the insert reach one or more the
outside surfaces of the container (and act partially also as a wall of the container).

REFERENCES CITED IN THE DESCRIPTION
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PATENTKRAV

1. Fremgangsmade til fremstilling af en komponent (20; 40) til en
turbomaskine ved varm isostatisk presning af pulvermetal, under anvendelse af en
beholder (21; 41) der definerer udvendige overflader (22A, 22B, 22C, 22D, 22E,
22F, 22G; 42A, 42B, 42C, 42D, 42E, 42F, 42G, 42H) af komponenten (20; 40);

hvor en metalindsats (23; 443; 543; 643; 743, 843) og en metalkerne (44)
befinder sig inde i beholderen (21; 41), inden beholderen fyldes (21; 41) med
metalpulver, hvor indsatsens metalmateriale og pulverets metalmateriale er det

samme; 0g

hvor indsatsen (23; 443; 543; 643; 743, 843) efterlades i komponenten
(20; 40), efter at dens fremstilling er afsluttet, og kernen (44) fiernes fra
komponenten (20; 40), inden dens fremstilling er afsluttet, ved bejdsning og/eller

maskinbearbejdning.

2. Fremgangsmade ifelge krav 1, hvor beholderen (21; 41) fijernes fra
komponenten (20; 40) inden dens fremstilling er afsluttet, eller efterlades, i det

mindste delvist, i komponenten (20; 40) efter at dens fremstilling er afsluttet.

3. Fremgangsmade ifelge krav 1 eller 2, hvor indsatsen (23; 443; 543; 643;
743; 843) er en masseindsats i ét enkelt stykke (23; 443; 743; 843) eller i en
flerhed af stykker (543; 643).

4. Fremgangsmade ifalge krav 3, hvor flerheden af stykker er adskilt fra, i
kontakt med eller tilstadende til hinanden pa en sadan made, at de danner ét

legeme (543) inde | metalpulveret, inden beholderen fyldes (21; 41).

5. Fremgangsmade ifelge krav 3, hvor flerheden af stykker er adskilt fra og i
kontakt med hinanden pa en sadan made, at de danner en flerhed af legemer

(643) inde i metalpulveret, inden beholderen fyldes (21; 41).

6. Fremgangsmade ifelge krav 3, hvor stykkerne er i en afstand fra hinanden
pa en sadan made, at metalpulveret kan interponere, hvilken afstand fortrinsvis

ligger i intervallet fra 0,5 mm til 5,0 mm.
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7. Fremgangsmade ifelge et hvilket som helst af krav 1 til 6, hvor indsatsen
(23; 443, 543; 843) har mindst én overflade, der stader op til beholderen (21; 41).

8. Fremgangsmade ifalge et hvilket som helst af de foregaende krav 1 til 6,

hvor indsatsen (743; 843) har mindst én overflade, der stader op til kernen (44).

5 9. Fremgangsmade ifalge et hvilket som helst af de foregaende krav 1 til 6,
hvor indsatsen (843) har mindst én overflade, der stader op til beholderen (41) og

mindst én overflade, der stader op til kernen (44).

10. Fremgangsmade ifalge et hvilket som helst af de foregaende krav 1 til 9,
hvor indsatsen (23; 443; 543; 643; 743; 843) er fremstillet ved varm isostatisk

10 presning af pulvermetal, additiv fremstilling, smedning eller stabning.
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Fig. 7
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