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Description

Technical field of the invention

[0001] The present invention relates to an apparatus
for forming, by cold rolling, annular elements, in particular
to obtain a radially inner surface with the desired profile
of rings of rolling bearings, and to a relative method of
execution using such an apparatus.

Prior art

[0002] As is known, for example from EP1385651, an-
nular elements, such as the rings of a rolling bearing or
at least a part thereof carrying the rolling raceways for
the rolling elements, may be advantageously formed by
cold rolling, impressing a desired profile on a radially out-
er and/or radially inner surface of an annular blank work-
piece.

[0003] This operation is carried out by radially sand-
wiching the annular blank workpiece between an axially
symmetrical forming mandrel inserted axially through the
annular blank workpiece, and a tool or die, also axially
symmetric, arranged on an axis parallel to that of the
mandrel and which is brought against a radially outer
surface of the annular blank workpiece.

[0004] The mandrel carries on a radially outer lateral
surface thereof a profile complementary to, that is, re-
producing in negative, the profile to be made on a radially
inner lateral surface of the annular element to be ob-
tained; in use, the mandrel is pressed radially against the
radially inner lateral surface of the blank workpiece, while
the tool or die is pressed with a radially outer lateral sur-
face thereof against the radially outer surface of the an-
nular blank workpiece, while both the mandrel and the
tool or die are brought in rotation about the respective
axes thereof, dragging in rotation also the annular blank
workpiece, which deforms. The radially outer lateral sur-
face of the tool or die also has a profile complementary
to thatto be formed on the annular elementto be obtained
which, during the forming process, tapers in the radial
direction and elongates in the axial direction.

[0005] During this roll forming process, in particular
when one of the profiles to be obtained on the annular
element to be formed has non-cylindrical stretches, de-
spite the axial contrast means normally arranged on the
mandrel, small axial movements of the annular element
may occur in the forming step which may compromise
the accuracy in obtaining the desired profiles. This prob-
lem may be present too in the method according to
WO098/32556 wherein the profile to be obtained possess-
es projections/grooves having such a dimension that the
aforementioned small axial movements can neverthe-
less occur.

Summary of the invention

[0006] The object of the presentinvention is to provide
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an apparatus for forming by cold rolling annular elements,
in particular rings of rolling bearings, without the draw-
backs described above, which allows preventing even
small axial movements of the element being processed,
especially at the beginning of the process itself, and
which is also simple, cost-effective to be made and small
in size. It is also an object of the invention to provide a
method for forming by rolling, starting from an annular
blank workpiece, an annular element of predetermined
radial profile, in particular a ring of a rolling bearing.
[0007] Therefore, according to the invention, there are
provided an apparatus for forming by cold rolling annular
elements, in particular rings of rolling bearings, and a
method for forming by rolling, starting from an annular
blank workpiece, an annular element having a predeter-
mined radial profile, in particular aring of arolling bearing,
having the features set forth in the appended claims.

Brief description of the drawings

[0008] The invention will now be described with refer-
ence to the accompanying drawings, which show a non-
limiting example thereof, in which:

- figure 1 schematically shows a perspective elevation
and front three-quarter view of an apparatus for cold
rolling annular elements, in particular rings of rolling
bearings, and of a step of the method of the invention;

- figure 2 schematically shows a perspective en-
larged-scale view of a tool forming part of the appa-
ratus in figure 1, implemented according to the in-
vention;

- figures 3 and 4 schematically show an elevation view
of a detail of the apparatus in figure 1 and the tool in
figure 2 before and after the execution of a step of
the method of the invention on an annular element
to be rolled; and

- figures 5 and 6 schematically show two further mu-
tually alternative steps of the method of the invention.

Detailed description

[0009] With reference to figures 1 and 2, reference nu-
meral 1 indicates as a whole an apparatus for forming
by cold rolling annular elements 2 (figures 5 and 6) having
apredetermined radial profile, in particular rings of rolling
bearings, starting from an annular blank workpiece 3 (fig-
ures 1 and 3).

[0010] Apparatus 1 comprises a mandrel 4 axially sym-
metric with respect to a first axis A and adapted to be, in
use, inserted axially through and radially inside the an-
nular blank workpiece 3, as is well shown in figure 1;
apparatus 1 further comprises a forming tool 5 axially
symmetric with respect to a second axis B, arranged par-
allel to axis A. The forming tool 5 is adapted, in use, to
cooperate radially on the outside with the annular blank
workpiece 3 so that the annular blank workpiece 3 re-
mains in use sandwiched between mandrel 4 and the
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forming tool 5, which rotate about the first and second
axis, A and B, respectively, as clearly shown in figure 1,
while the forming tool 5 applies a radial thrust S to the
blank workpiece 3.

[0011] According to a known arrangement, mandrel 4
must be laterally supported, on the side opposite to tool
5, by a pair of receiving rollers 6 and 7 as shown with a
dashed line, which idly rotate about an axis C and which
cooperate with cylindrical shoulder surfaces 8 and 9 of
mandrel 4 having a same diameter, so as not to create
in use, as a result of thrust S, axial forces on mandrel 4.
Between shoulders 8 and 9, mandrel 4 is delimited by a
radial lateral surface 18 which has in a radial plane a
longitudinal profile P which reproduces in negative the
profile to be obtained on the blank workpiece 3 to make
the finished annular element 2, in the example shown,
on an inner radial surface 10 of the annular blank work-
piece 3.

[0012] Mandrel 4 is further idly and axially supported,
in a known manner and only schematically shown for
simplicity, by a seat 11 provided with a bearing 12.
[0013] According to the main feature of the invention,
the forming tool 5 has a first lateral surface 13 which
faces towards mandrel 4, in the example shown the lat-
eral surface 13 is a radially outer surface of tool 5, and
which is provided with a plurality of annular projections
or grooves 14, which are coaxial with axis B and are
arranged mutually side by side and spaced apart in the
axial direction.

[0014] With reference also to figures 3 and 4, the pro-
jections or grooves 14 are adapted in use to lock the
annular blank workpiece against any axial movement
thereof by constituting axial locking shoulders of the an-
nular blank workpiece 3 which shoulders impress in use
corresponding annular grooves or projections/protru-
sions 15 on a second lateral surface 16 of the annular
blank workpiece 3, in the example shown a radially outer
lateral surface thereof, as soon as the lateral surface 13
of the forming tool 5 is brought in cooperation with the
lateral surface 16 of the blank workpiece 3 to exert the
radial thrust S.

[0015] Itis clear that the situation described applies to
the case in which a predetermined radial profile P1 must
be made on the radially inner lateral surface 10 of the
annular blank workpiece 3, for example to obtain the roll-
ing raceways of the finished annular element 2 when this
consists of an outer ring of a rolling bearing. However, it
is also clear that a dual situation may be accomplished,
in which the predetermined radial profile P1 has to be
made on the radially outer lateral surface 16 of the an-
nular blank workpiece 3, for example to obtain the rolling
raceways of the finished annular element 2 when this
consists of an inner ring of a rolling bearing. In this case,
profile P will be carried by surface 13 of the forming tool
5, while the projections or grooves 14 will be carried by
the radial lateral surface 18 of mandrel 4.

[0016] Accordingtothe embodimentshown, the lateral
surface 13 of the forming tool 5 is a cylindrical surface
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provided with a plurality of radial annular projections 14
having an essentially triangular profile in axial section
(figures 3 and 4), which are spaced apart from one an-
other in axial direction by a quantity greater than a max-
imum width W of the projections at a root or base portion
19 thereof, which is arranged flushed with the lateral sur-
face 13.

[0017] The first lateral surface 13 of the forming tool 5
is delimited between two axial shoulders 19 and 20 of
the forming tool 5 defined by two opposite cylindrical end
stretches 21, 22 of the forming tool 5 with diameter great-
er than a middle stretch 23 of the forming tool 5 delimited
by the lateral surface 13 and provided with the radial pro-
jections 14.

[0018] Moreover, according to a further feature of the
invention, the central stretch 23 of the forming tool 5,
delimited by the lateral surface 13, has an axial length
designed so as to be greater than that of the annular
blank workpiece 3 to be processed and substantially
equal to the end axial length of the annular element 2 to
be obtained.

[0019] Finally, according to a further essential feature
of the invention, the radial projections 14 have a height,
measured in radial direction, which is very small, of the
order of magnitude of the tenths of mm, and comprised
between 1 and 2 tenths of a millimeter. Projections 14
produce, in use, the formation of annular grooves 15,
also deep 1 or 2 tenths of a millimeter and axially spaced
apart from one another, in which projections 14 "fit" them-
selves while also the blank workpiece 3 is dragged in
rotation by the contact with mandrel 4, thereby preventing
any relative axial movement (indicated by the cross ar-
rows in figure 4) between the blank workpiece 3 and man-
drel 4, since the first instant in which tool 5 comes in
contact with the blank workpiece 3. Continuing the plastic
deformation step of the blank workpiece 3, this becomes
thins and lengthens axially until it arrives against shoul-
ders 19 and 20, which prevent any further axial move-
ment of the blank workpiece 3 being processed.

[0020] According to the description, it is clear that the
invention also relates to a method for manufacturing by
rolling, starting from an annular blank workpiece 3, an
annular element 2 with a predetermined radial profile P1,
in particular a ring of a rolling bearing, comprising the
steps of:

- axially introducing through the annular blank work-
piece 3 and radially inside the annular blank work-
piece 3 a mandrel 4 axially symmetrical with respect
to a first axis A about which mandrel 4 rotates; and

- sandwiching the annular blank workpiece 3 between
mandrel 4 and a forming tool 5 axially symmetrical
with respect to a second axis B, arranged parallel to
the first axis A and about which second axis B the
forming tool 5 rotates, so that the forming tool 5 co-
operates radially on the outside with the annular
blank workpiece 3, while mandrel 4 cooperates ra-
dially on the inside with the annular blank workpiece
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3, and while the mandrel and the forming tool are
rotated at the same time about the first and second
axis, respectively, for example by known motor
means 24 schematically shown with a block for sim-
plicity, consequently rotating the annular blank work-
piece 3 as well.

[0021] The method according to the invention further
comprises the step of forming axial locking shoulders 15
on the annular blank workpiece 3 by impressing on a
lateral surface 16 of the annular blank workpiece 5 a se-
ries of annular protrusions or grooves 15 by means of a
plurality of annular projections or grooves 14 carried by
a lateral surface 13 of the forming tool 5 or by a lateral
surface 18 of mandrel 4 as soon as the forming tool 5
begins to cooperate with the annular blank workpiece 3.
[0022] The step of forming axial locking shoulders 15
on the annular blank workpiece 3 is carried out by means
of a first lateral surface 13 of the forming tool 5 which is
a cylindrical surface provided with a plurality of radial
annular projections 14 having an essentially triangular
profile in axial section, which are spaced apart from one
another in axial direction by a quantity greater than a
maximum width W of the projections at a root or base
portion 19 thereof, which is arranged flushed with the
lateral surface 13.

[0023] Moreover, the lateral surface 13 of the forming
tool 5 is pushed in cooperation against a second lateral
surface 16 of the annular blank workpiece 3 during the
sandwiching step of the annular blank workpiece 3 be-
tween the forming tool 5 and mandrel 4 to form profile
P1 by means ofthe complementary profile P of mandrel 4.
[0024] The lateral surface 13 of the forming tool is fur-
ther made so as to be delimited between two axial shoul-
ders 19 and 20 of the forming tool 5 defined by the two
opposite cylindrical end stretches 21, 22.

[0025] During the sandwiching step of the annular
blank workpiece 3 between the forming tool 5 and man-
drel 4, the axial shoulders 15 are formed first, defined by
annular grooves having a triangular cross-section, on the
lateral surface 16 of the annular blank workpiece 3, by
means of projections 14 which "incise" on surface 16.
[0026] Thereafter, the annular blank workpiece 3 is
plastically deformed so as to make it thin in the radial
direction and elongate it in the axial direction up to bring
the annular blank workpiece 3 in abutment against the
axial shoulders 19, 20 of the forming tool 5, while profile
P of mandrel 4 impresses profile P1 on the blank work-
piece 3. The length of the annular blank workpiece 3
therefore changes, during the rolling operation, from a
value L1 at the beginning of the operation to a maximum
value L2 equal to the axial distance present between
shoulders 19 and 20.

[0027] According to the method of the invention, the
axial locking shoulders 15 which are formed on the an-
nular blank workpiece 3 have a height measured in radial
direction comprised only between 1 and 2 tenths of a
millimeter.
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[0028] Of course, the apparatus and the method of
forming by rolling described involve that at the end of the
rolling operation on the lateral surface (outer, in the ex-
ample shown) of element 2 having profile P1, "streals"
consisting of micro-grooves 15 remain. Therefore, the
method according to the invention further comprises a
step of removing the axial locking shoulders 15, i.e.
grooves 15, carried out on the element 2 obtained, after
removing mandrel 4 and the forming tool 5.

[0029] Such a removal step of the axial locking shoul-
ders 15 is carried out by subjecting the annular element
2 substantially already finished to a processing of surface
16 for chip removal (figure 6) by means of a tool 25 or
drawing of the lateral surface 16 provided with the axial
locking shoulders (grooves) 15 by means of a die 26 (fig-
ure 5).

[0030] In both cases, a finished annular element 2 is
obtained at the end, having the desired radial profile P1
and delimited by a lateral surface 16B opposite to profile
P1 perfectly free of streaks, i.e. without grooves 15 which,
in the initial step of the process of rolling profile P1, have
allowed preventing undesired axial movements, albeit
very small, of the annular blank workpiece 3.

[0031] Finally, it should be noted that the process
which must be carried out on the lateral surface 16 pro-
vided with the "streals" or grooves 15 is not expensive,
since it should be carried out anyway, even in the pres-
ence of a smooth surface 16, to be within the dimensional
and geometric tolerances provided for the finished an-
nular element 2.

Claims

1. An apparatus (1) for forming by cold rolling annular
elements (2) having a predetermined radial profile,
in particular rolling bearing rings, starting from an
annular blank workpiece (3), the apparatus compris-
ing a mandrel (4) axially symmetrical with respect to
a first axis (A) and adapted to be inserted, in use,
axially through and radially inside the annular blank
workpiece; and a forming tool (5) axially symmetrical
with respect to a second axis (B), arranged parallel
to the first axis, and adapted, in use, to cooperate
radially on the outside with the annular blank work-
piece so that the annular blank crosspiece remains
sandwiched, in use, between the mandrel and the
forming tool, which both rotate about the first and
second axis, respectively; characterized in that ei-
ther the forming tool (5) or the mandrel (4) have a
first lateral surface (13;18) which faces the other ei-
ther forming tool or mandrel, and which is provided
with a plurality of annular projections or grooves (14),
which are arranged reciprocally facing one another
and spaced apart in axial direction; the projections
or grooves (14) being adapted in use to lock the an-
nular blank workpiece against any axial movement
thereof by impressing, in use, corresponding
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grooves or projections (15) on a second lateral sur-
face (16) of the annular blank workpiece as soon as
the lateral surface is taken into cooperation with the
second lateral surface; the radial projections (14)
having an height measured in radial direction of the
order of magnitude of the tenths of mm.

An apparatus according to claim 1, characterized
in that the first lateral surface is a cylindrical surface
(13) of the forming tool (5) provided with a plurality
of radial annular projections (14) having an essen-
tially triangular profile in axial section, which are
spaced apart from one another in axial direction by
a quantity greater than a maximum width (W) of the
projections at a root or base portion (19) thereof,
which is arranged flushed with the first lateral surface
(13).

An apparatus according to claim 2, characterized
in that the first lateral surface (13) of the forming tool
is delimited between two axial shoulders (19,20) of
the forming tool defined by two opposite cylindrical
end stretches (21,22) of the forming tool with diam-
eter greater than a middle stretch (23) of the forming
tool delimited by the first lateral surface (13) and pro-
vided with the radial projections (14).

An apparatus according to claim 3, characterized
in that the middle stretch (23) of the forming tool,
delimited by said first lateral surface, is designed
such as to have an axial length (L2) equal to sub-
stantially the final axial length of the annular element
(2) to be obtained.

An apparatus according to one of the claims from 2
to 4, characterized in that the height of the radial
projections (14) measured in radial direction is com-
prised between 1 and 2 tenths of a millimeter.

A method for manufacturing by rolling, starting from
an annular blank workpiece (3), an annular element
(2) with a predetermined radial profile, in particular
aring of a rolling bearing, comprising the steps of:

- axially introducing through the annular blank
workpiece and radially inside the annular blank
workpiece a mandrel (4) axially symmetrical with
respect to a first axis (A) about which the man-
drel rotates; and

- sandwiching the annular blank workpiece be-
tween the mandrel and a forming tool (5) axially
symmetrical with respect to a second axis (B),
arranged parallel to the first axis and about
which second axis the forming tool rotates, so
that the forming tool (5) cooperates radially on
the outside with the annular blank workpiece,
while the mandrel (4) cooperates radially on the
inside with the annular blank workpiece, and the
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mandrel and the forming tool are rotated at the
same time about the first and second axis (A,B),
respectively, consequently rotating the annular
blank workpiece as well; characterized in that
it further comprises the step of forming axial
locking shoulders (15) on the annular blank
workpiece (3) by impressing on a lateral surface
(16) of the annular blank workpiece a series of
annular protrusions or grooves (15) by means
of a plurality of annular grooves or projections
(14) carried by a lateral surface (13) of the form-
ing tool (5) or of the mandrel (4) as soon as the
forming tool starts to cooperate with the annular
blank workpiece; the radial projections (14) hav-
ing an height measured in radial direction of the
order of magnitude of the tenths of mm.

7. A method according to claim 6, characterized in

that the step of forming axial locking shoulders (15)
on the annular blank workpiece is carried out by
means of a first lateral surface (13) of the forming
tool (5) which is a cylindrical surface provided with
a plurality of radial annular projections (14) having
essentially triangular profile in axial section, which
are spaced apart from one another by a quantity
greater than a maximum width (W) of the projections
at a root or base portion (19) thereof, which is ar-
ranged flushed with the first lateral surface (13); the
first lateral surface of the forming tool being pushed
into cooperation against a second lateral surface of
the annular blank workpiece during the step of sand-
wiching of the annular blank workpiece between the
forming tool and the mandrel.

A method according to claim 7, characterized in
that the first lateral surface (13) of the forming tool
is delimited between two axial shoulders (19,20) of
the forming tool defined by two opposite cylindrical
end stretches (21,22) of the forming tool of diameter
larger than a middle stretch (23) of the forming tool
delimited by the firstlateral surface and provided with
radial projections (14); during the step of sandwich-
ing of the annular blank workpiece and the mandrel
the axial shoulders (15) being firstly formed on the
second lateral surface (16) of the annularblank work-
piece and then the annular blank workpiece (3) being
plastically deformed so as to make it thinner in radial
direction and elongate it in axial direction to abut the
annular blank workpiece against the axial shoulders
(19,20) of the forming tool.

A method according to one of the claims from 6 to
8, characterized in that the height of the axial lock-
ing shoulders (15) which are formed on the annular
blank workpiece measured in radial direction is com-
prised between 1 and 2 tenths of a millimeter.

10. A method according to any one of the claims from 6
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to 9, characterized in that it further comprises the
step of removing the axial locking shoulders (15) af-
ter having removed the mandrel (4) and the forming
tool (5).

A method according to claim 10, characterized in
that the step of removing the axial locking shoulders
(15) is carried out by subjecting the finished annular
element to machining (2) by chip forming or drawing
ofthe lateral surface (16) provided with the axial lock-
ing shoulders (15) .

10

15

20

25

30

35

40

45

50

55

10



EP 2 889 093 A1

l OI4 &

6l
el |
ay.k. 1
0z~ |




EP 2 889 093 A1

¥ Old € 9l4
e
o o
9l
el /f/x 6k 1z
N 6l T \
T
AT
e T .
\ /w\\\ ,J
0z ) £z .
% - g
Z1 -
Z1=17




EP 2 889 093 A1

9 Old

g

et

i

=

10



10

15

20

25

30

35

40

45

50

55

9

Europdisches
Patentamt
European
Patent Office

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

EP 2 889 093 A1

Application Number

EP 14 19 5153

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X WO 98/32556 A1l (UNIV DRESDEN TECH [DE];  |[1,2,6,7 | INV.
PITTLER TORNOS WERKZEUGMASCHIN [DE]; B21H1/12
FICKER TH) 30 July 1998 (1998-07-30)
A * page 7, paragraph 2 - page 8, paragraph |3-5,8-11 ADD.
1; figure 2 * B21H1/06
--- B21H7/18
X EP 2 644 297 Al (SKF AB [SE]) 1,6
2 October 2013 (2013-10-02)
A * paragraph [0010] - paragraph [0020]; 2-5,7-11
figures 1,2,4 *
X US 3 803 890 A (CONNELL G) 1,6
16 April 1974 (1974-04-16)
A * column 6, line 9 - line 52; figure 1 * |[2-5,7-1]

TECHNICAL FIELDS
SEARCHED (IPC)

B21H

The present search report has been drawn up for all claims

Place of search

Munich

Examiner

Ritter, Florian

Date of completion of the search

27 May 2015

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

1"




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 2 889 093 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 14 19 5153

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

27-05-2015
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 9832556 Al 30-07-1998  NONE
EP 2644297 Al 02-10-2013 CN 103357799 A 23-10-2013
EP 2644297 Al 02-10-2013
KR 20130109059 A 07-10-2013
US 3803890 A 16-04-1974  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

12



EP 2 889 093 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« EP 1385651 A [0002] * WO 9832556 A [0005]

13



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

