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Description

[0001] This invention relates to a method for rotary
compression of hollow parts by cross rolling, in particular
of hollow shafts and axles. The notion of "hollow part" is
to be understood as a tubular element which has a cy-
lindrical or shaped hole located centrally along its axis.

[0002] JP-A-63040631 discloses a method for rotary
compression of a hollow part by cross-rolling, in which
the hollow workpiece is clamped in a chuck and rolled
by three working rolls, which are moved radially towards
the axis of the workpiece.

[0003] A great number of forming methods for hollow
parts have been developed so far. The most commonly
used include, for instance, mechanical working process-
es - metal machining, in which the required shape of the
formed elementis obtained by removing consecutive ma-
terial layers. The method for producing hollow parts in
metal machining processes has been described in the
literature (J. Kaczmarek "Podstawy obrobki wiérowej,
sciemej i erozyjnej," WNT, Warszawa 1997). Plastic
methods for forming hollow parts - hollow shafts, are also
known, and they include such processes as drawing,
forging and punching, rotary swaging, rotary forging, hy-
droforming, cold extrusion, cold extrusion with deep drill-
ing as well as cross wedge rolling. A detailed description
of the above processes has been given in the literature
(J. Bartnicki , Z. Pater "Walcowanie poprzeczno-klinowe
wyroboéw drazonych," Wydawnictwo Politechniki Lubel-
skiej, Lublin 2005). The most accurate parts are obtained
in drawing processes, whose application to the forming
of hollow parts is, however, limited owing to a small
number of possibilities as for shapes that can be ob-
tained. The forging process is applicable only in the case
of forming shafts with large dimensions and masses.
Punching is used for producing thick-walled and short
sleeves. Rotary swaging processes allow for reducing
diameters of rods and tubes. Elements formed thereby
are noted for their high accuracy, and if mandrel forged,
they can have very accurate cylindrical and conical holes.
Another method for producing hollow parts is the process
of hydrostatic drawing, which allows for the production
of complex geometry parts. In this method, a part is
formed under high pressure generated inside this part.
Cold extrusion processes, in which metal is extruded
through a hole in a die, are also widely used in industries
for producing hollow parts. In recent years, a number of
methods for forming hollow parts by cross wedge rolling
and wedge rolls rolling, have been developed. Both in
cross wedge rolling and in wedge rolls rolling at least one
of the forming tools is either a flat wedge or aroller wedge
which drives into the blank and thus decreases its diam-
eter, moving some volume of the material to the sides.
As aresult, the product is elongated during forming and
its wall-thickness in the necking zone is decreased. This
leads to the weakening of the product in the rolled step
area and necessitates the use of thick-walled blanks
which can only be hot formed. Additionally, the method
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requires the use of complex wedge tools of large overall
dimensions, which results in high implementation costs
of the cross wedge rolling technology.

The essence of the method for rotary compression of
hollow parts by cross rolling, especially of hollow axles
and shafts, lies in that the hollow part to be formed - the
blank - in the form of a tube, is positioned on two powered
working rolls - the tools -, which rotate in the same di-
rection with a first constant velocity, while the third, upper
roll rotates with the first constant velocity in the same
direction as the other rolls and radially moves in a recip-
rocating manner with a second constant velocity, and as
a result of this motion the rolls approach one another in
such a way so as to be positioned in the final phase of
the sizing process at every 120° +/- 20°, the preferable
position being that at every 120°, then the plane motion
of the upper roll is stopped, and the three rotating rolls
eventually correct shape inaccuracies of the hollow part.
As the blank sections of rod or tube sections are used,
this allows for rotary compression of such parts as hollow
axles and shafts. The compression process for hollow
shafts and axles is done with or without a mandrel, which
allows obtaining accurate holes in the product or accu-
rately shaped holes. The process is done with three work-
ing rolls - the tools -, which rotate and move in a recip-
rocating manner radially to the axis of the product.
[0004] One beneficial effect of the invention is that it
allows for the application of simple forming tools based
on three rolls which can be manufactured at a relatively
low cost to produce such parts as hollow stepped shafts.
Hollow parts are more and more often used in machine
constructions, in automotive industry, and particularly in
aerospace industry. Owing to the use of such parts, the
construction mass of elements can be decreased, while
their strength and functional properties are at the same
time retained. For forming hollow shafts, thick-walled
tubes can be used as the blank, which makes additional
drilling operations unnecessary as well as it eliminates
material loss which occurs during machining. Addition-
ally, it is possible to obtain the finished product - the
stepped shaft, from the blank in the form of a tube section
within one plastic forming operation. Owing to the use of
rotational forming tools - the rolls, it is possible to roll
products of different diameters by means of the same set
of working rolls. The formed hollow shaft will have a more
advantageous structure, which will improve strength
properties of the part. Another beneficial effect of the in-
vention is the fact that during compression, the material
flows mainly in the radial direction, which increases the
wall-thickness of the shaft in the necking zone and, thus,
increases strength properties of the part. One more ben-
eficial effect of the method is its universality, as the meth-
od can be used to form all metals and alloys which are
suitable for metal machining.

[0005] The method for rotary compression of hollow
parts by cross rolling, especially of hollow shafts and ax-
les, has been schematically illustrated in two figures,
where Figure 1 presents both the beginning of the forming
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process for a hollow stepped shaft and type of the blank
used, while Figure 2 shows the end of the rolling process
for the hollow shaft as well as the hollow part obtained
from the compression process.

[0006] The method for rotary compression of hollow
parts, especially of hollow axles and shafts, consists in
positioning the blank 1 in the form of a tube section on
two working rolls 2 and 3 - the tools. Next, the rolls 2 and
3begintorotate inthe same direction with the first velocity
n4, and the upper roll 4 moves radially in a reciprocating
manner with the second velocity V towards the axis of
the blank 1. As a result of the reciprocating motion of the
upper roll 4, the rolls 2, 3, 4 - the tools -, relatively ap-
proach one another in such a way that in the final phase
of the sizing process they are positioned at every 120°.
The rotational motion of the working rolls 2, 3, 4 makes
the blank 1 rotate around its axis with the third velocity
n,, at the same time the rolls 2, 3, 4 - the tools -, relatively
shift in the radial direction forming on the surface of the
blank 1 a profile of the finished product 5. In the final
phase of the process, when the part 5 reaches the as-
sumed dimensions, the progressive motion of the upper
roll 4 is stopped, while the three working rolls 2, 3, 4 still
rotate and eventually form the ultimate shape of the rolled
product 5, removing surface irregularities which have
occurred at the beginning of the process. The shape of
the rolling tools 2, 3 and 4 mirrors in the contact phase
the shape of the finished product 5. The shape of the
compressed hollow shaft is formed on the contact bound-
ary of consecutive points marked by the rotating tools,
which allows for rolling of products of different diameters.

Claims

1. A method for rotary compression of hollow parts by
cross rolling, especially of hollow shafts and axles,
characterized in that the hollow part to be formed
- the blank (1) - in the form of a tube is positioned on
two powered working rolls (2), (3) - the tools-, which
rotate in the same direction with a first constant ve-
locity (n4), while a third, upper, roll (4) rotates with
the firsﬁelocity (n4) in the same direction as the rolls
(2) and (3) andradially movesin areciprocating man-
ner with a second velocity (V), and as a result of this
motion the rolls ((2), (3), and (4)) approach one an-
other and in the final phase of the sizing process they
are positioned at every 120° +/- 20°, the preferable
position being that at every 120°, then the plane mo-
tion of the roll (4) is stopped, and the rotating rolls
((2), (3) and (4)) eventually correct shape inaccura-
cies of the hollow part (5).

2. The method according to claim 1, characterized in
that as the blank (1) sections of rod or tube sections
are used, which allows for rotary compression of
parts (5) such as hollow axles and shafts.
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3. The method according to claim 1, characterized in
that the compression process for hollow shafts and
axles is done with or without mandrel, which allows
obtaining accurate holes in the product (5) or shaped
holes.

4. The method according to claim 1, characterized in

that the process is done with three working rolls ((2),
(3) and (4)) - the tools-, which rotate with the first
velocity (n1) and movein a reciprocating manner with
the second velocity (V) radially to the axis of the prod-
uct (5).

Patentanspriiche

1. Verfahren zum Drehverengen der Hohlwerkstiicke
durch Querwalzen, insbesondere der Hohlwellen
und -achsen, dadurch gekennzeichnet, dass das
zu formende Hohlwerkstiick - Rohling (1) - in Form
eines Rohrs auf zwei angetriebenen Arbeitsrollen
(2), (3) - Werkzeugen - angeordnet ist, die sich in
derselben Richtung mit der ersten konstanten Ge-
schwindigkeit (n4) drehen, wahrend eine dritte, obe-
re Rolle (4) sich mit der ersten Geschwindigkeit (n4)
in derselben Richtung, wie die Rollen (2) und (_§)
dreht und die hin- und hergehende Bewegung in der
radialen Richtung mit der zweiten Geschwindigkeit
(V) ausfihrt, wobei sich die Rollen [(2), (3) und (4)]
infolge dieser Bewegung zueinander nahern, damit
sie in der Endphase des Kalibrierens je 120° +/- 20°
angeordnet sind, wobei die Anordnung je 120° be-
vorzugt wird, und dann die Schubbewegung der Rol-
le (4) abgeschaltet wird und die sich drehenden Rol-
len [(2), (3) und (4)] die Ungenauigkeiten der Form
der Hohlwerkstiicke (5) endgliltig korrigieren.

2. Verfahren nach Anspruch 1, dadurch gekenn-

zeichnet, dass als Rohling (1) Abschnitte von Stan-
gen oder Réhren verwendet werden, was das Dreh-
verengen der Werkstiicke (5) in Form der Hohlach-
sen und -wellen ermdglicht.

3. Verfahren nach Anspruch 1, dadurch gekenn-

zeichnet, dass das Verfahren des Verengens der
Hohlwellen und-achsen frei oder auf einer Dornstan-
ge, die das Erreichen der genauen Offnungen oder
Forméffnungen im Erzeugnis (5) ermdglicht, durch-
geflhrt wird.

4. Verfahren nach Anspruch 1, dadurch gekenn-

zeichnet, dass das Verfahren mit drei Arbeitsrollen
[(2), (3) und (4)] - Werkzeuge - durchgefihrt wird,
die sich mit der ersten Geschwindigkeit (n,) drehen
und die Hin- und Herbewegung mit der zweiten Ge-
schwindigkeit (V) radial zur Achse des Erzeugnisses
(5) ausfiihren.
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Revendications

1. Procédé de sertissage rotatif des produits creux pro-
venant du laminage transversal, notamment des ar-
bres et des essieux creux, caractérisé en ce que 5
le produit creux formé - demi-produit (1) sous la for-
me de tube est placé sur deux rouleaux opératoires
entrainés (2), (3) - outils-qui tournent dans la méme
direction avec la premiére vitesse constante, (n,), et
le troisiéme rouleau (4) - supérieur tourne avec la 10
premiere vitesse (n;) dans la méme direction que
les rouleaux (2) et (3) et effectue un mouvement al-
ternatif dans la direction radiale avec la deuxieme
vitesse (V), a la suite de ce mouvement les rouleaux
(2), (3) et (4) s’approchent mutuellement pour que 75
dans la phase finale du processus - d’étalonnage
soient arrangés a chaque 120° +/- 20° la disposition
a chaque 120° étant préferée, alors le mouvement
de coulissement du rouleau (4) s’arréte, et les rou-
leaux en rotation (2), (3) et (4) corrigent définitive- 20
ment les inexactitudes de la forme du produit (5)
Creux.

2. Procédéselonlarevendication 1, caractérisé en ce
que le demi-produit (1) est sous la forme des sec- 25
tions de barres ou de tubes, qui permet a sertir les
produits (5) sous la forme d’essieux et d’arbres
Creux.

3. Procédéselon larevendication 1, caractérisé ence 30
que le processus de sertissage des arbres et des
essieux creux est réalisé librement ou sur un man-
drin, qui permet d’obtenir des orifices précises dans
le produit (5) ou des orifices profilés.

35

4. Procédé selonlarevendication 1, caractérisé en ce
que le processus est réalisé dans un systéme dans
lequel les trois rouleaux (2), (3) et (4) opératoires -
outils effectuent un mouvement rotatif avec la pre-
miére vitesse (nq) et un mouvement alternatif dans 40
la direction radiale avec la deuxieme vitesse (V) par
rapport a I'axe du produit (5).
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Fig. 1.
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Fig. 2.
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