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(54) GRINDING MACHINE AND METHOD OF OPERATING SUCH GRINDING MACHINE

(67)  The present invention relates to a grinding ma-
chine (1) comprising a first and a second grinding wheel
(2a, 2b) separated by a gap (3) and configured to contact
a workpiece (100); a support blade (4) positioned in the
gap (3) and having a contact surface (4a) having a work
profile (40a) shaped to contact at one and only one point
at a time the workpiece (100), and being further shaped
to contact the workpiece (100) with different working an-
gles (), in different respective working steps.

Also, the present invention relates to a method for
operating such grinding machine comprising a support
blade configured to arrange the workpiece (100) at a first
working height (h,,1) with a first working angle (y,) in the
first working step, and at a second working height (h,,,)
with a second working angle (3,), in the second step.
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Description
Technical Field

[0001] The present invention relates to a grinding ma-
chine, in particular of the centreless plunge type and a
method for operating such grinding machine to minimize
the formation of corrugations on a workpiece, according
to the preamble of claim 1 and 6, respectively.

[0002] The grinding machine which is the object of the
present invention is used in the field of mechanical
processing for removing shavings.

State of the Art

[0003] The centreless plunge grinding process and the
machine tools that allow it to be implemented are well
known in the state of the art.

[0004] In such grinding process, a workpiece is ar-
ranged between a driving wheel and a working wheel
rotating about a respective axis of rotation, and is sup-
ported by a support blade. This particular configuration,
in which the workpiece is supported on three points,
makes the process susceptible to roundness errors, as
the workpiece is free to swing while being worked, thus
generating a plurality of lobes on its surface.

[0005] As afirst approximation, given a plunge centre-
less grinding machine, this roundness error depends on
geometric working factors such as the working angle and
height.

[0006] In the context of the present invention, working
angle means the inclination of the surface of the support
blade at the point contacting the workpiece, and working
height means the distance of the centre of the workpiece
from the plane containing the axis of rotation of the op-
erating wheel and the medium point of the axis of rotation
of the driving wheel.

[0007] They are known in the state of the art centreless
grinding machines that are adapted to minimise the for-
mation of lobes on the workpiece profile by acting on the
working height during the process itself.

[0008] For example, document US 20040209558 A1
discloses a centreless plunge grinding machine adapted
to move the blade along a vertical direction to modify the
working height, so as to minimise the occurrence of lobes
on the workpiece profile.

[0009] Support blades for known centreless plunge
grinding machines have a flat contact surface adapted
to support the workpiece as it rotates.

[0010] Indetail, the flat contact surface has a constant
angle of inclination at every point and can be identified
with the working angle.

[0011] Other examples of centreless plunge grinding
machines are for instance reported in US2897636A and
KR102028879B1.

[0012] In detail, document US2897636A discloses a
centreless plunge grinding machine comprising a blade
inclination mechanism adapted to allow for grinding proc-
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esses with different working angles by a same blade. It
is worth noting that the blade used in the machine de-
scribed in document US2897636A is of the standard type
and does not have any particular work profile to allow for
grinding processes with different working angles.
[0013] Document KR102028879B1 discloses a cen-
treless grinding machine comprising a support blade con-
figured to contact the workpiece with a single working
angle, and an auxiliary support blade adapted to accept
the workpiece during automatic loading.

Problem of the state of the art

[0014] Disadvantageously, centreless grinding ma-
chines of the known type do not allow to easily modify
the working angle, as this requires the replacement of
the support blade or an automatic blade orientation sys-
tem.

[0015] Disadvantageously, the grinding machine dis-
closed in US2897636A requires to modify the common
machines by introducing a specific blade inclination
mechanism in order to be able to carry out grinding proc-
esses with different working angles by the same support
blade.

Object of the invention

[0016] In this context, the technical task underlying the
present invention is to provide a grinding machine which
overcomes the above described drawbacks of the prior
art .

[0017] In particular, it is an object of the present inven-
tion to make available a grinding machine which is able
to easily modify the working angle to minimise the for-
mation of lobes on the profile of the workpiece.

SUMMARY OF THE INVENTION

[0018] The specified technical task and the specified
objects are substantially achieved by a grinding machine
according to claims 1 and 7, respectively.

[0019] In detail, the grinding machine comprises a first
and a second grinding wheel separated by a gap and
configured to contact a workpiece, in order to work there-
upon as it rotates.

[0020] The grinding machine further comprises a sup-
port blade, arranged in the gap, and adapted to support
the workpiece.

[0021] Such support blade has a contact surface
adapted to support the workpiece and a work profile
shaped to contact the workpiece at one and only one
point at a time. In detail, the work profile is shaped to
contact the workpiece with different angles in different
respective working steps.

[0022] Advantageously, such working surface and pro-
file of the support blade make it possible to easily vary
the working angle. In particular, the work profile is shaped
to contact the workpiece with at least two different work-
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ing angles in at least two respective working steps, so
that the formation of lobes on the work profile of the work-
piece can be minimised by varying the working angle
during the process.

LIST OF FIGURES

[0023] Further characteristics and advantages of the
present invention will become more apparent from the
indicative and thus non-limiting description of a preferred,
but not exclusive, embodiment of a grinding structure, as
shown in the accompanying drawings, wherein:

- Figure 1 shows a schematic representation of the
working area of a grinding machine object of the
present invention;

- Figure 2 shows a view from the side of the working
area of figure 1;

- Figure 3 shows a schematic representation of a first
embodiment of acomponent of the grinding machine
and arranged in the working area of figure 1;

- Figure 4a shows a schematic representation of a
second embodiment of the component of figure 3;

- Figure 4b shows a schematic representation of a
third embodiment of the component of figure 3;

- Figure 5a shows the kinematics of the working area
of figure 1 with the component of figure 4a;

- Figure 5b shows the kinematics of the working area
of figure 1 with the component of figure 4b.

DETAILED DESCRIPTION

[0024] Even when not explicitly highlighted, the indi-
vidual features described with reference to the specific
embodiments must be considered as accessories and/or
exchangeable with other features, described with refer-
ence to other embodiments.

[0025] With reference to the appended figures, the
present invention relates to a grinding machine 1, in par-
ticular a centreless plunge grinding machine.

[0026] As shown in figure 1, the grinding machine 1
comprises a first and a second grinding wheel 2a, 2b
separated by a gap 3 and configured to contact a work-
piece 100 to perform a mechanical grinding operation.
[0027] The first and second grinding wheel 2a, 2b are
respectively configured to rotate about a first and a sec-
ond axis of rotation A-A, B-B to work the workpiece 100
as it rotates. In greater detail, the first and the second
grinding wheel 2a, 2b are configured to both contact the
workpiece 100 to rotate it about an axis of rotation while
removing material from its surface.

[0028] In detail, as shown in figure 2, the first and the
second grinding wheel 2a, 2b are arranged in such a way
that the first and the second axis of rotation A-A, B-B are
atan angle with each other, so that by rotating about their
respective axes of rotation they push the workpiece 100
against an abutment pad 5 adapted to hold the workpiece
in position while being worked.
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[0029] The firstand second grinding wheel 2a, 2b pref-
erably have an axial-symmetric geometry, and extend
along the first and second axis of rotation A-A, B-B re-
spectively.

[0030] The extension of the grinding wheels 2a, 2b
along their axis of rotation A-A, B-B is defined as the
height of the grinding wheel. Explicitly, the height of the
first grinding wheel h; ;4 is defined as the extension of the
first grinding wheel 2a along the first axis of rotation A-
A, the height of the second grinding wheel 2b h,, is de-
fined as the extension of the second grinding wheel 2b
along the second axis of rotation B-B.

[0031] The first and second grinding wheel 2a, 2b are
commonly referred to as the operating wheel and the
driving wheel, typically, but not necessarily, the operating
wheel has a larger diameter than the driving wheel.
[0032] Asshownin Figure 1, the grinding machine fur-
ther comprises a support blade 4 arranged in the gap 3,
i.e. between the first and second grinding wheel 2a, 2b.
[0033] The support blade 4 has a contact surface 4a
to supportthe workpiece 100 in order to impose a working
angle .

[0034] In greater detail, the contact surface 4a of the
support blade 4 has a work profile 40a shaped to contact
the workpiece at one and only one point at a time.
[0035] In addition, the work profile 40a is shaped to
allow contacting the workpiece 100 with different working
angles yin different respective working steps. The sup-
port blade 4 is therefore configured to arrange the work-
piece 100 with at least a first and a second working angle
7, 7o respectively in a first and a second working step.
[0036] Inthe contextofthe presentinvention, the work-
ing angle y means the inclination of the support blade at
a contact point C with the workpiece. More precisely, the
working angle yis defined as the inclination of the tangent
line T-T to the work profile 40a drawn at the contact point
C of the workpiece 100 with the contact surface 4a. Pref-
erably, the working angle yis defined by the inclination
of the tangentline T-T to the work profile 40a with respect
to a plane containing the first axis of rotation A-A and the
medium point of the second axis of rotation B-B.

[0037] The medium point of the second axis of rotation
B-B is the medium point of the height of the second grind-
ing wheel hy,, i.e. the point that divides the height of the
second grinding wheel h,, into two segments having
equal length.

[0038] The support blade 3 also has the function of
supporting the workpiece 100 while it's been worked by
imposing a working height and a working height h,,.
[0039] Working height h, means the distance of the
centre of the workpiece from the plane containing the
first axis of rotation A-A and the medium point of the sec-
ond axis of rotation B-B.

[0040] With reference to figures 3, 4a and 4b, the sup-
port blade 4 extends mainly along a vertical direction X-
X, and the work profile 40a has at least two tangent lines
T-T having different inclinations with respect to the ver-
tical direction X-X.
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[0041] Inafirstembodimentshown in figure 3, the con-
tact surface 4a comprises atleast two flat surfaces having
different inclinations. In greater detail, the work profile
40a has at least a first and a second rectilinear stretch
41a, 42a respectively corresponding to the first and sec-
ond flat surfaces, and having different inclinations with
respect to the vertical direction X-X.

[0042] Advantageously, the support blade 4 of figure
3 allows to easily modify the working angle y by moving
the contact point C of the workpiece 100 with the contact
surface 4a from the first to the second flat surface and
vice versa. Thus, the grinding machine 1 object of the
present invention allows to modify the working angle »
without having to replace the support blade 4.

[0043] Thefirstembodimentofthe supportblade 4 may
comprise more than two flat surfaces, each one having
a different inclination and corresponding to a rectilinear
stretch of the work profile.

[0044] In a second and a third embodiment of the sup-
port blade 4 shown in figure 4a and figure 4b respectively,
the contact surface 4a comprises a curved surface 43,
and the work profile 40a comprises a curved stretch 43a
corresponding to the curved surface 43.

[0045] Advantageously, by moving the contact point C
of the workpiece 100 with the contact surface 4a on the
curved surface 43 it is possible to vary the working angle
v continuously between a minimum working angle 7,
and a maximum working angle y,,,,- The curved surface
43 therefore allows greater flexibility of use, as it allows
to continuously vary the value of the working angle .
[0046] In addition, it can be seen that a variation in the
working angle y also corresponds to a variation in the
working height h,,. In detail, by moving the contact point
C of the workpiece 100 with the contact surface 4a on
the curved surface 43, the working height h,, varies con-
tinuously between a maximum h,, ... and a minimum
working height h,, .;,, as the working angle y varies be-
tween the maximum y,,,, and minimum working angle
Ymin-

[0047] Each possible contact point C of the workpiece
100 with the contact surface 4a therefore corresponds
to a certain working angle yand a certain working height
h,. Itis therefore possible to specifically design the con-
tact surface 4a and the corresponding work profile 40a
in order to have a certain range of variation of the working
angle and height y, h,,.

[0048] The curved surface 43, as a curve in itself, has
a concavity and a radius of curvature.

[0049] Inthe second embodiment of the support blade
4 shown in figure 4a, the concavity of the curved surface
43 is turned the opposite way with respect to the work-
piece 100, when the latter is resting on the contact sur-
face 40a. For the sake of simplicity, we will hereinafter
refer to the second embodiment of the support blade 4
calling it as convex support blade 4a due to the curvature
of its contact surface 40a.

[0050] In the third embodiment of the support blade 4
shown in figure 4b, the concavity of the curved surface
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43 is turned towards the workpiece 100, when the latter
is resting on the contact surface 40a. For the sake of
simplicity, we will hereinafter refer to the third embodi-
ment of the support blade 4 calling it as concave support
blade 4a due to the curvature of its contact surface 40a.
[0051] Advantageously, the convex support blade
does not impose any lower limits on the radius of curva-
ture of the curved surface 43, as the workpiece 100, re-
gardless of its size, always rests on the contact surface
4a at a single point. Conversely, the concave support
blade cannot have a curved surface 43 having a radius
of curvature smaller than that of the workpiece 100, oth-
erwise the workpiece 100 would be resting on the contact
surface 4a at two separate points, thus making grinding
impossible.

[0052] However, advantageously, the concave sup-
port blade allows grinding small workpieces 100 with
large working angles without generating problems of in-
terference of the first grinding wheel 2a with the support
blade 4. In greater detail, and with reference to figures
5a and 5b, the concave support blade, unlike the convex
support blade, allows to reach the greatest working an-
gles when the contact point between the workpiece 100
and the curved surface 43 is at the first grinding wheel
2a, therefore the first grinding wheel 2a is well spaced
apart from the support blade 4.

[0053] A method for operating a grinding machine, in
particular the grinding machine 1 of the centreless plunge
type described above, is also an object of the present
invention.

[0054] Such method comprises a first working step in
which the support blade 4, according to one of the pre-
viously described embodiments, is configured to arrange
the workpiece 100 at a first working height h,,; with re-
spect to the plane containing the first axis of rotation A-
A and the medium point of the second axis of rotation B-
B, according to what has been previously described.
[0055] The method further comprises a second work-
ing step in which the support blade 4 is configured to
arrange the workpiece 100 at a second working height
h,», which is different from the first working height h,4,
with respect to the plane containing the first axis of rota-
tion A-A and the medium point of the second axis of ro-
tation B-B.

[0056] The work profile 40a of the contact surface 4a
of the support blade 4 is configured to arrange the work-
piece 100 with a first working angle y, in the first working
step, and with a second working angle y, other than the
first working angle y in the second working step.
[0057] The method object of the present invention thus
comprises at least two working steps characterised by
different working heights and angles h,,, .

[0058] In detail, the contact surface 4a and the work
profile 40a of the support blade 4 are configured to ar-
range the workpiece 100 in the first working step at the
first working height h,,1 with the first working angle y, and
in the second working step at the second working height
h,,» with the second working angle .
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[0059] Preferably, as shown in figures 5a and 5b, the
firstand second grinding wheel 2a, 2b can be neared/dis-
tanced to change the position of the workpiece 100 on
the contact surface 4a, and thus the working height
and/or angle of h,,, 7. The method comprises a transition
step interposed between the first and second working
steps, in which the distance between the first and second
grinding wheel 2a, 2b varies so as to change the first
working angle, the height y, in the second working angle
7> and the first working height h,,4 in the second working
height h,,.

[0060] The transition step can also take place without
stopping the working process, i.e. during the grinding
process the distance between the grinding wheels 2a,
2b varies gradually so that the working height and angle
are continuously varied h,,, yfrom the values of the first
working step to those of the second working step.
[0061] In greater detail, in the first working step the
workpiece 100 is resting on the contact surface 4a of the
supportblade 4 at afirst contact point, while in the second
working step the workpiece 100 is resting on the contact
surface 4a of the support blade 4 at a second contact
point other than the first contact point. The contact sur-
face 4a at the first and second contact points is respec-
tively configured to arrange the workpiece 100 at the first
working height h,,4 with the first working angle y; and at
the second working height h,,, with the second working
angle ».

[0062] The method object of the present invention
therefore allows to easily carry out a working process
with multiple steps, each one having different working
angles and heights y h,,.

[0063] The method according to the present invention
described above may be extended to a generic number
"n" of steps, each of which differs from the others in at
least the working angle and/or height y, h,,,.

[0064] Thus, advantageously, the method object of the
present invention makes it possible to minimise the for-
mation of lobes on the profile of the workpiece by easily
varying the working angle y without having to replace the
support blade 4.

Claims
1. Grinding machine (1) comprising:

- a first and a second grinding wheel (2a, 2b)
separated by a gap (3) and configured to both
contact a workpiece (100) to work thereupon as
it rotates;

- a support blade (4) arranged in the gap (3),
extending mainly along a vertical direction (X-
X), and having a contact surface (4a) adapted
to support the workpiece (100) and impose a
working angle (y); said contact surface (4a) of
said support blade (4) having awork profile (40a)
shaped to contact at one and only one point at
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atime the workpiece (100), the work profile (40a)
being also shaped to contact with different work-
ing angles (y), in different respective working
steps, said workpiece (100);

characterised in that the work profile (40a) has at
least two tangent lines having a different inclination
with respect to the vertical direction (X-X).

Grinding machine (1) according to the previous
claim, wherein the contact surface (4a) comprises
at least two flat surfaces respectively corresponding
to a first and a second rectilinear stretch (41a, 42a)
of the work profile (40a), the first and the second
rectilinear stretch (41a, 42a) having different inclina-
tions with respect to the vertical direction (X-X).

Grinding machine (1) according to any one of the
previous claims, wherein the contact surface (4a)
comprises a curved surface (43) corresponding to a
curved stretch (43a) of the work profile (40a).

Grinding machine (1) according to the previous
claim, wherein the curved surface (43) has the con-
cavity turned towards the workpiece (100) when the
workpiece (100) is resting on the contact surface
(40a).

Grinding machine (1) according to the claim 3,
wherein the curved surface (43) has the concavity
turned the opposite way with respect to the work-
piece (100) when the workpiece (100) is resting on
the contact surface (40a).

Method for operating a grinding machine having a
first and a second grinding wheel (2a, 2b) separated
by a gap (3) and configured to both contact a work-
piece (100), the first and the second grinding wheel
(2a, 2b) being respectively configured to rotate about
a first and a second axis of rotation (A-A, B-B), a
supportblade (4) positioned in the gap (3) and having
a contact surface (4a) adapted to support the work-
piece (100), said support blade (4) extending mainly
along a vertical direction (X-X);

the method comprising at least:

- a first working step in which the support blade
(4) is configured to arrange the workpiece (100)
at a first working height (h,,1) with respect to a
plane containing the first axis of rotation (A-A)
and the medium point of the second axis of ro-
tation (B-B);

- a second working step in which the support
blade (4) is configured to arrange the workpiece
(100) at a second working height (h,,,) with re-
spect to the plane containing the first axis of ro-
tation (A-A) and the medium point of the second
axis of rotation (B-B);
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characterised in that the contact surface (4a) has
a work profile (40a) configured to arrange the work-
piece (100) with a first working angle (y4) in the first
working step, and with a second working angle ()
in the second working step, the first working angle
being different from the first working angle (y,), said
working angle (40a) having atleast two tangent lines
having a different inclination than the vertical direc-
tion (X-X).

Method according to the previous claim wherein the
first and the second grinding wheel (2a, 2b) can be
respectively neared/distanced for modifying the po-
sition of the workpiece (100) on the contact surface
(4a) and therefore the working height and/or the
working angle (h,, ).

Method according to the previous claim wherein in
the first working step the workpiece (100) rests on
the contact surface (4a) of the support blade (4) at
a first contact point, and in the second working step
the workpiece (100) rests on the contact surface (4a)
of the support blade (4) at a second contact point
different from the first contact point, the contact sur-
face (4a) at the first and the second contact point
being respectively configured to arrange the work-
piece (100) at the first working height (h,,4) with the
first working angle (y4) and at the second working
height (h,,,) with the second working angle ().
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