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Description

Technical Field

[0001] The invention relates to a method of plastic
forming of solid materials, in particular metallic and
powdered materials or materials containing a powdered
fraction. The method, according to the invention, can
find application especially during rolling, forging and
extrusion, although it is applicable in other types of plas-
tic working.

Background Art

[0002] The widely known method of rolling metal
products in the form of ingots, sheets and strips consists
in letting them pass between rolls situated in parallel
and rotating around their axes. This method is realized
by means of rolling mills of various types, in which the
reduction of the thickness of the rolled product depends
on the spacing between the working rolls. The disad-
vantage of this method is great energy consumption
since obtaining large deformations involves the applica-
tion of considerable force. This is especially important
when thin metal foils are being rolled, considering that
the thinner the rolled material the higher is the energy
loss in the rolling process.

[0003] The widely known stamping methods are the
open die forging and die forging which consist in exert-
ing a pressure on the material by the shaping tools
advancing in a plane motion to obtain a product of the
desired shape. Forging by these methods does not nec-
essarily guarantee that the desired large deformations
of the product will be obtained, especially when hardly
deformable materials are subjected to plastic working,
and, moreover, it requires the use of considerable force.
From the Polish patent application No P - 295 135, a
method of reducing the forging force is known in which,
in the course of forging, the working tools or their active
parts are turned or shifted with respect to the material or
the material is turned or shifted with respect to the shap-
ing tools or their active parts in a direction perpendicu-
lar, or having a component perpendicular to the
direction of forging. However, in this method, there takes
place a slip when the working tool comes into contact
with the material.

[0004] Widely known is the direct method of extru-
sion of metallic products, which consists in plane push-
ing out of the extruded material through an immovable
matrix in order to reduce its cross-section. Another
known method is the backward extrusion in which the
extruded material is not moved and the extrusion proc-
ess is performed through plane motion of the matrix
towards the material. Both these methods involve con-
siderable energy consumption.

Another method of material extrusion is known from the
Polish patent application No P - 295 057, in which dur-
ing extrusion the material is turned or shifted with
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respect to the matrix or the matrix or its parts are turned
or shifted with respect to the material. The direction of
the motion lies advantageously in a plane perpendicular
to the direction of extrusion. In this method there takes
place a slip, where the matrix comes into contact with
the extruded product.

[0005] US-A-4,303,378 discloses a process for
forming elongated articles with the application of addi-
tional rotation of a metal shaping tool (die) during draw-
ing, extrusion and forging operation in order to induce a
shear stress supporting the process. The idea is based
upon the concept of equivalent stress under multi-axial
stress conditions. According to this concept and follow-
ing the patent claims, the tool has to be in a continuous
motion, because even a momentary retardation of the
die rotation eliminates the expected effect.

[0006] JP-A-01-262001 concerns a metal forming
operation by rolling and includes such a construction of
the rolling device which allows for simultaneous forward
and transverse expansion of metals in a single rolling
operation and wherein the side expansion of the mate-
rial during monotonic rolling is the target of the solution.
This goal may be achieved in the described construction
of the device due to appropriate shape of the rolls (one
of them is cylindrical and the other is barrel-like), pro-
vided that the barrel-like roll undergoes step-like shift
along its axis accompanied by tilting of the roll axis.

Disclosure of Invention

[0007]  The object of the invention is to provide the
intrusion into the structure of the material deformed dur-
ing plastic working, thus changing the course of its plas-
tic flow by inducing in the material additional periodically
varying plastic strain in the form of shear bands local-
ized in the zone or zones of the most intense deforma-
tion of the material, resulting from the method of plastic
working. This object can be achieved by a method
according to claim 1. The mentioned additional plastic
strain is not necessary from the point of view of the
geometry of the worked product. The intrusion into the
structure of the material undergoing deformation offers
the advantage of introducing additional motion of at
least one tool in a direction other than that of the work-
ing motion, the structure of the tool necessitating the
transfer of the mentioned additional motion of the tool to
the inside of the worked material. This transfer is due to
intimate contact of the material with the tool.

In the method, proposed in the invention, contrary to the
known methods, the friction between the material and
the tool is made maximal.

A change in the plastic flow of the material is also pos-
sible through cyclic changes of temperature, thus induc-
ing the destabilization of the structure and, as a
consequence, the externally forced localization of strain
in the form of shear bands.

[0008] By inducing a change in the course of plastic
flow of the material during rolling, additional plastic
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deformation of the product is forced in the shear bands
through reversible turning of the rotational axis of at
least one of the rolls, with its roll axis situated in a plane
perpendicular to the rolling direction and, advanta-
geously, the reversible turning of the roll axis whose
working part has a spherical or nearly spherical shape,
with respect to the other roll, the working part of which
has a shape compatible with that of the first roll.

[0009] By inducing a change in the plastic flow of
the material during forging additional plastic deforma-
tion is forced in the shear bands through cyclic torsion of
the operating tool or of its part together with the part of
the product in close contact with it, or through cyclic tor-
sion of the part of the product with respect to its part
being in intimate contact with the tool.

[0010] In another version of the method by inducing
a change in the plastic flow of the material during forg-
ing additional plastic deformation of the product is
forced in the shear bands through cyclic shifting of the
operating tool or of its part together with a part of the
product in contact with it, with respect to the remaining
part of the product, in a direction other than the direction
of forging, or by cyclic shifting of a part of the product
with respect to the remaining part of the product in con-
tact with the operating tool, in a direction different from
the direction of forging.

[0011] By inducing a change in the plastic flow of
the material, in the course of exiruding the product, a
periodically changed turning of the matrix or of its com-
ponent part together with the part of the product being
in close contact with its, is introduced with respect to the
remaining part of the product placed in the recipient, or
through periodically changed turning of the part of the
product situated in the recipient with respect to the
remaining part of the product in close contact with the
matrix from the side of the recipient.

[0012] In another version of the method, the
induced change in the plastic flow of the material in the
course of extruding the product is caused by periodi-
cally changed shifting of the matrix or of its component
element together with the part of the product in close
contact with it in a direction other than the extrusion
direction, with respect to the remaining part of the prod-
uct placed in the recipient, or through periodically
changed shifting of a part of the extruded product situ-
ated in the recipient with respect to the remaining part of
the product in close contact with the matrix from the
side of the recipient.

[0013] Intrusion by the method according to the
invention into the material structure without changing
the shape and dimensions of the product offers the
reduction of the energy required to obtain the desired
deformation in various operations of plastic working.
The advantage of the proposed solution according to
the invention, besides the possibility to obtain large
deformations, is thus also the reduction of the force and
of the temperature of the process.
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Brief Description of Drawings

[0014] The solution as proposed by the invention
will be explained by means of figures and illustrative
examples. The particular figures represent:

Fig. 1. - Schematic diagram of the sheet rolling
process with the application of reversible torsion of
the roll axis,

Fig. 2. - Schematic diagram of the forging process
with the application of reversible torsion of the
punch,

Fig. 3. - Schematic diagram of the forging process
with the application of reversible motion of the anwil,
Fig. 4. - Schematic diagram of the extrusion proc-
ess with the application of a rotating matrix,

Fig. 5. - The same process as in Fig. 4 with the
application of a rotating recipient,

Fig. 6. - The extrusion process with the application
of a matrix shifting in a direction perpendicular to
the extrusion directron.

Fig. 7. - The extrusion process with the application
of a recipient shifting in a direction perpendicular to
the extrusion direction.

Modes for Carrying Out the Invention

[0015]  To realize the rolling process of the material
1 by the method according to the invention, the roll mill,
shownin Fig 1., with a spherical roll 2 and a concave roll
3 of a shape fitting that of roll 2, is used.

The rolled material 1 is placed between the rolls 2 and
3. The spherical roll 1 makes an additional reversible
torsional movement in a plane perpendicular to the roll-
ing direction.

[0016] In the forging process realized according to
the invention and shown in Fig. 2., the forged product
101, placed on an immovable anvil 4, is subjected to the
action of the punch 5, moving in a plane motion in the
direction of the anvil 4.

The anvil 4 and the punch 5 have developed contact
surfaces with the object 101. In the course of forging a
reversible torsion of the punch 5 together with the part
of the product in close contact with it, is forced with
respect to the remaining part of the product contacting
the anvil 4, which causes additional deformation of the
forged product 101.

In another version, shown in Fig.3, the anvil 41 together
with the part of the product 101 in contact with the anvil
41 is brought into reversible-torsional motion. The
punch 51 performs only a plane montion towards the
anvil 41. In other possible versions of forging the tor-
sional motion is replaced by a plane motion in a plane
perpendicular to the forging direction.

[0017] The installations shown in Figs 4 - 7 are
used to carry out the extrusion process.

[0018] The extruded product 201 placed in an
immovable recipient 6 is subjected to the action of the
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punch 7, making a plane motion towards the matrix 8.
Simultaneously, a reversible torsion of the matrix 8
together with a part of the product 201 in contact with it
from the side of the recipient 6 is forced. The matrix 8
has a developed front surface from the side of the recip-
ient 6 in the form of grooves in the surface which pro-
vides close adherence of the part of the extruded
product 201 toit. In the shear zone of the extruded prod-
uct 201 additional plastic strain is forced through cyclic
torsion of the product 201.

In the case illustrated in Fig. 5., the recipient 61,
together with a part of the product 201 placed in it, is
brought into reversible-torsional motion. The matrix 81
together with a part of the product 201 in contact with it
is immovable. As a result, in the shear zone of the
extruded product 201, additional plastic strain is
induced.

In the backward extrusion method the plane motion of
the punch 7 or 71 is replaced by the plane motion of the
matrix 8 or 81 pushing out the extruded product through
its hole.

[0019] In another example of the application of the
invention, shown in Fig. 6, the extruded product 301 is
placed in the recipient 9 and subjected to the action of
the punch 12. While the product 301 is being pushed
through a hole in the matrix 13, that is characterized by
a developed front surface from the side of the recipient
9, the matrix 13, together with the part of the product
301 in close contact with it from the side of the recipient
9, is brought into cyclic reciprocating motion, the direc-
tion of this motion being perpendicular to the extrusion
direction. In the shear zone of the extruded product 301
additional plastic strain is forced. In the case illustrated
in Fig. 7, the recipient 91 together with the part of the
product 301 placed in it and subjected to the action of
the punch 112 is brought into reciprocating motion,
while the matrix 113 together with the part of the prod-
uct contacting it from the side of the recipient 91, is
made immovable.

Industrial Applicability

[0020] To illustrate the method described in the
invention examples are given of plastic forming of mate-
rials using different methods.

Example 1. (Rolling)

[0021] Aluminium sheet 2 mm thick and 10 mm
wide was rolled at 60% reduction in a roll mill having
one spherical roll of 100 mm diameter and another one
with its shape fitting that of the first roll, rotating at a
speed of 1 rotation per sec, applying additional reversi-
ble turning of the spherical roll in a plane perpendicular
to the rolling direction, with a frequency 10 Hz and the
amplitude + 3°. The quality of the sheet obtained by the
method according to the invention was satisfactory and
the total rolling force was 300 N. Rolling without addi-
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tional deformation produced by reversible turning of the
spherical roll resulted in the sheet cracking, and the
total force of rolling amounted to 640 N.

Example 2. (Forging)

[0022] A roll sample of 7 mm diameter and a height
of 8.4 mm, obtained from 0.6% low-carbon steel, was
subjected to forging at a rate of 0.1 cm/min, simultane-
ously forcing additional deformation of the sample
through reversible torsion of one of the operating tools
together with a part of the material in close contact, with
a frequency of 1 Hz and the amplitude + 10°.

At 80% deformation the force was equal to 3.1 kN, and
the sample did not reveal any trace of damage. An iden-
tical sample forged by the standard method was
destroyed - showing cracks - after 64% deformation with
the forging force equal to 6.8 kN.

Example 3. (Forging)

[0023] A roll sample of 7 mm diameter and a height
of 8.4 mm, obtained from 0.6% low-carbon steel, was
subjected to forging at a rate of 0.1 cm/min, simultane-
ously forcing additional deformation of the sample
through reversible cyclic shifting of one of the shaping
tools together with a part of the product adjoining it, at
the frequency 8 Hz and the amplitude + 0.1 mm.

At 80% deformation the force was equal to 3.6 kN, and
the sample did not show any traces of damage. An iden-
tical sample forged by the standard method was
destroyed, undergoing cracking, after 64% deformation
with the forging force equal to 6.8 kN.

Example 4. (Extrusion)

[0024] A lead ingot of 45 mm diameter was sub-
jected to backward extrusion at a rate of 2 mm/sec, at
room temperature and the extrusion ratio A = 56. The
extrusion force was 535 kN.

Application of a matrix turning reversibly with respect to
its axis together with the part of the ingot adjoining it, in
relation to the remaining part of the ingot at the fre-
quency 10 Hz and the amplitude + 8°30’, made possible
the extrusion with a force equal to 205 KN.

Example 5. (Extrusion)

[0025] A lead ingot of 45 mm diameter was sub-
jected to backward extrusion at a rate of 2 mm/sec, at
room temperature and the extrusion ratio L = 56. The
extrusion force was 535 kN. Application of a matrix shift-
ing reversibly in a plane perpendicular to the extrusion
direction, with a rectilinear, reciprocating motion,
together with the ingot part adjoining it, at the frequency
10 Hz and the amplitude + 0.5 mm made it possible to
carry out the extrusion process with a force equal to 320
kN.
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[0026] The method proposed by the invention may
be also used in practice in other processes of plastic
working, for example conform or exrolling, which is illus-
trated by the successive example.

Example 6. (Exrolling)

[0027] Aluminium rod, 7.2 mm in diameter, hard-
ened by drawing at 50% cross-section reduction, was
cold reduced in a rolling mill with rolls of 260 mm diam-
eter and calibers ensuring a circular clearance of 6.5
mm diameter, in which the extrusion matrix was situ-
ated, of developed active surface, with the external
diameter of 6.5 mm, and the inside diameter of 2.5 mm,
cyclically twisted with respect to its axis by an angle of +
10°, at the frequency 15 Hz, and the rotation speed of
the calibrated rolls equal to 1 s '. A wire obtained in
result of such a process showed mechanical properties
equivalent to those of a wire obtained by the method of
multi-stage drawing with the necessary annealing
between the operations. Repeated attemps to produce
a wire using the same installation but without the cyclic
torsion of the matrix failed.

Example 7. (Powder compression)

[0028] Aluminium powder was compressed in a
closed container with a punch shifting towards the
inside, applying increasing unit pressure up to 200 MPa
and reversible twisting of the compressing punch of a
developed contact surface with the powdered material
by an angle of + 18°, at the frequency 5 Hz. A monolithic
product of a density 2.68 x 10 kG/m® was obtained.
Compression without additional twisting of the com-
pressing punch gave a product of a density 2.52 x 10
kG/m®.

[0029] The cases presented above do not limit the
possibilities of realizing the invention, being only illustra-
tive examples. The invention may be also realized, in
particular through cyclic temperature changes of the
worked material.

Claims

1. A method of plastic forming of solid materials, in
particular metallic and powdered materials or mate-
rials containing a powdered fraction, which finds
application especially during rolling, forging and
extrusion, and which consists in exerting a force by
the tool, deforming the material as a result of which
a product is obtained of the desired geometry, char-
acterised in that during plastic working there takes
place an intrusion into the structure of the deformed
material, thus changing the course of its plastic flow
by inducing in the material additional periodically
varying plastic strain in the form of shear bands
localized in the zone or zones of the most intense
deformation of the material, resulting from the kind
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of plastic working, not necessary from the point of
view of the geometry of the fabricated product, by
introducing additional periodically varying motion of
at least one tool in a direction different from the tool
working motion, while the structure of the tool
forces the transfer of the mentioned additional
motion of the tool to the inside of the deformed
material due to intimate contact between the mate-
rial and the tool.

The method as claimed in the claim 1., character-
ised in that during rolling additional plastic deforma-
tion of the product is forced in the shear bands
through reversible turning of the rotational axis of at
least one of the rolls, with the roll axis situated in a
plane perpendicular to the rolling direction and,
advantageously, the reversible turning of the roll
axis of a spherical or nearly spherical shape of the
working part, with respect to the other roll, the work-
ing part of which has a shape compatible with that
of the first roll.

The method, as claimed in the claim 1., character-
ised in that during forging additional plastic defor-
mation of the product is forced in the shear bands
through cyclic torsion of the operating tool or of its
part together with a part of the product being in inti-
mate contact with it or through cyclic torsion of a
part of the product with respect to its part being in
intimate contact with the tool.

The method as claimed in the claim 1., character-
ised in that during forging additional plastic defor-
mation of the product is forced in the shear bands
through reversible advancing in a plane motion of
the shaping tool or its part together with a part of
the product in contact with it, with respect to the
remaining part of the product, in a direction different
from the direction of forging or through cyclic shift-
ing of a part of the product with respect to the
remaining part of the product being in intimate con-
tact with the shaping tool, in a direction other than
the direction of forging.

The method, as claimed in the claim 1., character-
ised in that additional plastic deformation is forced
in the shear zone of the product being extruded
through periodically changed twisting of the matrix
or its component element together with the part of
the product being in close contact with it, with
respect to the remaining part of the product placed
in the recipient, or through periodically changed
twisting of the part of the product situated in the
recipient, with respect to the remaining part the
product being in close contact with the matrix from
the side of the recipient.

The method, according to claim 1., characterised in
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that the additional plastic deformation is forced in
the shear zone of the extruded product through
periodically changed shifting in a plane motion of
the matrix or its component element, together with
a part of the product being in close contact with it,
in a direction other than the direction of extrusion
with respect to the remaining part of the product
placed in the recipient, or through periodically
changed shifting of the part of the extruded product
situated in the recipient with respect to the remainig
part of the product in close contact with the matrix
from the side of the recipient.

Patentanspriiche

1.

Verfahren zur plastischen Verformung von massi-
ven Materialien, besonders von metallischen, pul-
verférmigen oder eine Pulverfraktion enthaltenden
Materialien, welche besonders beim Walzen,
Schmieden und Ziehpressen Anwendung findet,
das Verfahren beruht auf Auslbung durch das
Werkzeug auf den Material einer verformenden
Kraft, im Ergebnis erhalt man ein Erzeugnis mit vor-
ausgesetzter Geometrie, das Verfahren ist dadurch
gekennzeichnet, dass wahrend der plastischen
Verformung in die Struktur des verformten Materi-
als eingegriffen wird, durch Anderung des Verlaufs
seines plastischen Fliessens, durch Hervorrufen im
Material einer zusatzlichen periodisch verénderli-
chen plastischen Verformung, in der Form von
Scherungsstreifen, lokalisiert in der Zone bezw. in
den Zonen der hdchsten Intensitat der Materialver-
formung, die aus der Art der plastischen Verfor-
mung hervorgeht, die Verformung ist nicht wegen
der Geometrie des hergstellten Erzeugnisses not-
wendig, wahrend der Verformung wird eine zusatz-
liche periodisch  veranderliche  Bewegung
mindestens eines Werkzeugs, in einer von seiner
Arbeitsbewegung abweichenden Richtung einge-
fahrt, dabei wird durch die Konstruktion des Werk-
zeugs die Ubertragung der o. g. zusétzlichen
Bewegung des Werkzeugs ins Innere des verform-
ten Materials, zufolge des Anliegens des Materials
an das Werkzeug erzwungen.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass wahrend des Walzens eine zusatzli-
che plastische Verformung des Erzeugnisses in
den Scherungsstreifen erzwungen wird durch
reversibles Verdrehen der Achse mindestens einer
der Walzen, gelagert in einer zur Walzrichtung
senkrechten Ebene, vorteilhaft der Achse dieser
Walze, deren Arbeitsteil kugelférmig ist oder eine
der Kugelform angen&herte Form hat - der anderen
Walze gegentiber, deren Arbeitsteil eine der ersten
Walze angepasste Form hat.

3. Verfahren nach Anspruch 1, dadurch gekenn-
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zeichnet, dass wéhrend des Schmiedens eine
zusatzliche plastische Verformung des Erzeugnis-
ses in den Scherungsstreifen durch zyklisches Ver-
drehen des formgebenden Werkzeugs oder dessen
Teils, samt dem daran anliegenden Erzeugnisteil,
oder durch zyklisches Verdrehen des Erzeugnis-
teils dem am Werkzeug anliegenden Erzeugnisteil
gegenuber, erzwungen wird.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass wéahrend des Schmiedens eine
zusatzliche plastische Verformung des Erzeugnis-
ses in den Scherungsstreifen durch zyklisches Ver-
schieben des formgebenden Werkzeugs oder
dessen Teils, samt dem daran anliegenden Erzeug-
nisteil, dem restlichen Erzeugnisteil gegentber, in
einer von der Schmiederichtung abweichenden
Richtung, oder durch zyklisches Verschieben eines
Erzeugnisteils dein am formgebenden Werkzeug
anliegenden restlichen Erzeugnisteil gegentber, in
einer von der Schmiederichtung abweichenden
Richtung, erzwungen wird.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass eine zusétzliche plastische Verfor-
mung in der Scherungszone des
Ziehpresserzeugnisses durch periodisch verander-
liches Verdrehen des Gesenks oder dessen
Bestandteils, samt dem daran anliegenden Erzeug-
nisteil, dem restlichen, im Rezipienten unterge-
brachten Erzeugnisteil gegeniber, oder durch
zyklisch veranderliches Verdrehen des im Rezipi-
enten untergebrachten Erzeugnisteils, dem am
Gesenk seitens des Rezipienten anliegenden rest-
lichen Erzeugnisteil gegentber, erzwungen wird.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass eine zusétzliche plastische Verfor-
mung in der Scherungszone des
Ziehpresserzeugnisses durch periodisch verander-
liches Verschieben des Gesenks oder dessen
Bestandteils, samt dem daran anliegenden Erzeug-
nisteil, in einer von der Ziehpressrichtung abwei-
chenden Richtung, dem restlichen, im Rezipienten
untergebrachten Erzeugnisteils gegentber, oder
durch zyklisch veranderliches Verschieben des im
Rezipienten untergebrachten Teils des Ziehpres-
serzeugnisses, dem am Gesenk seitens des Rezi-
pienten anliegenden Erzeugnisteil gegenlber,
erzwungen wird.

Revendications

1.

Procédé de formage plastique de matériaux soli-
des, notamment métalliques et pulvérulents ou de
ceux contenant une fraction pulvérulente. trouvant
I'emploi on particulier lors du laminage, forgeage et
filage, consistant on application par I'outil d'un effort
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de déformation sur le matériau, ce qui aboutit dans
I'obtention d'un produit a géométrie retenue, carac-
térisé dingérer dans la structure du matériau
déformé lors de la transformation de matériau, en
modifiant I'allure de son écoulement plastique, on
obtenant dans le matériau une déformation plasti-
que supplémentaire, changeant périodiquement,
sous forme de bandes de tranchage situées dans la
ou les zones de déformation la plus importante du
matériau résultant du genre de transformation plas-
tique, déformation qui n'est pas nécessaire en rai-
son de la géométrie du produit réalisé, en mettant
on oeuvre un mouvement supplémentaire chan-
geant périodiquement d'un outil au moins, dans le
sens opposé a son mouvement de service, tout an
forgant le transfert du mouvement susmentionné de
l'outil, a travers sa construction, a l'intérieur du
matériau transformé a la suite de l'adhérence du
matériau a I'outil.

Procédé selon la revendication 1., caractérisé on ce
que la déformation plastique supplémentaire du
produit au niveau des bandes de tranchage est for-
¢ée, lors du laminage, par torsion réversible de
l'axe de rotation d'un cylindre au moins, axe situé
dans le plan perpendiculaire au sens du laminage,
favorable a I'axe du cylindre dont la partie de ser-
vice est de forme sphérique ou bien sphérique rap-
prochée, par rapport au deuxieme cylindre dont la
forme de la partie de service est compatible au pre-
mier cylindre.

Procédé selon la revendication 1., caractérisé en ce
que la déformation plastique supplémentaire du
produit au niveau des bandes de tranchage est for-
cée, lors du forgeage, par torsion cyclique de I'outil
ou de sa partie y compris la partie du produit adhé-
rente, ou bien par torsion cyclique d'une partie du
produit par rapport a sa partie adhérente a l'outil.

Procédé selon la revendication 1., caractérisé en ce
que la déformation plastique supplémentaire du
produit au niveau des bandes de tranchage est for-
¢ée, lors du forgeage, en déplagant de fagon chan-
geant périodiquement I'outil ou sa paille y compris
la partie du produit qui y adhere par rapport a
l'autre partie du produit, dans le sens opposé au
sens du forgeage, ou bien en déplagant de facon
cycligue une partie du produit par rapport a l'autre
partie du produit adhérente a l'outil, dans le sens
opposé an sens du forgeage.

Procédé selon la revendication 1., caractérisé on ce
que la déformation plastique supplémentaire est
forgée dans la zone de tranchage du produit filé par
torsion changeant périodiquement de la matrice ou
de l'une de ces pieces, y compris la partie du pro-
duit y adhérente, par rapport a l'autre partie du pro-
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duit située dans le récipient, ou bien par la torsion
changeant périodiquement de la partie du produit
située dans le récipient, par rapport a l'autre partie
du produit adhérente a la matrice du c6té du réci-
pient.

Procédé selon la revendication 1., caractérisé en ce
que la déformation plastique supplémentaire est
forgée dans la zone du tranchage du produit filé en
déplagant de fagon changeant périodiqguement la
matrice ou de I'une de ces pieces, y compris la par-
tie dii produit y adhérente, dans le sens opposé au
sens du filage, par rapport a l'autre partie du produit
située dans le récipient ou bien en déplagant de
fagon changeant périodiquement une partie du pro-
duit filé situé dans le récipient par rapport a l'autre
partie du produit adhérent a la matrice du cété du
récipient.



EP 0711 210 B1




EP 0711 210 B1




EP 0711 210 B1

SN2

& shear zone

fig. 4

.
A O'G.. o0

. .
o v 4

NALRARRRRRAN

81 shear zone

fig. S

10



EP 0711 210 B1

301 9 12

A
.

e
o« ’_
St /

\ALAARRRANNY

N

13 shear zone

fig. 6

301; 91 112

NN

113 shear zone

fig., 7

1



	Bibliography
	Claims
	Drawings
	Description
	Search-Report

