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(54) MOLD, FORMING METHOD AND RELATED ABRASIVE WHEEL

(57) An abrasive wheel (10) comprising a disc-
shaped body (20) obtained by pressing a mixture of
abrasive material grains mixed with a cured and/or poly-
merized binder and at least one annular reinforcingmesh
at least partially embedded in the mixture, wherein the
disc-shaped body has a central axis (A) and is provided
with two opposing faces (22,23), each face comprising a
plurality of protrusions (24) in relief integrally formed with
the disc-shaped body and having a predominantly radial
development, wherein the protrusions of each face are
spaced apart by grooves (25) configured to receive and
expel cutting residues from the faceof the abrasivewheel
responsive to the centrifugal force created by the rotation
of the abrasive wheel during a cutting operation, wherein
each protrusion on one face is shaped to be entirely
contained within the perimeter of a respective groove
on theopposite face,wherein the protrusionson one face
are perfectly axially aligned with the grooves on the
opposite face, and wherein each protrusion comprises
lateral flanks with a curvilinear longitudinal development,
preferably following a respective monotonic convex
curve.
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Description

TECHNICAL FIELD

[0001] The invention relates to a forming mold and a
manufacturing method for abrasive wheels, as well as to
an abrasive wheel itself, specifically an abrasive wheel
having a disc-shaped body obtained by pressing a mix-
ture of abrasive grainsmixedwith a binder and optionally
filler materials. In particular, the invention concerns a
formingmold configured to produceabrasivewheelswith
protrusions (ribs) on at least one of their faces, a method
for pressing such abrasive wheels, and the resulting
abrasive wheels which exhibit improved cutting perfor-
mance, reduced lateral friction, and optimized durability.
The invention is particularly, but not exclusively, applic-
able in the field of thin abrasive cutting and/or grinding
wheels (with a thickness ranging between 0.5mmand10
mm).

BACKGROUND ART

[0002] In the field of abrasive wheels, the production of
thin wheels with arcuate, radial, and symmetrical protru-
sionson theirmain faces is known. Theseprotrusionsare
typically obtained using rubberized molds, i.e., molds in
which cavities are formed in the steel forming molds and
subsequently filled with vulcanized rubber of a specific
hardness ("Shore" hardness). During mold preparation,
any excess rubber extruding from the cavities is removed
by surface grinding the steel discs to achieve a flat and
smooth surface.
[0003] During the pressing phase, the rubber ribs are
compressed due to the high pressures applied by the
press and form slightly raised areas compared to the
surrounding regions. However, with such known rubber-
ized molds, the ribs formed on the wheel face are almost
non-existent and do not offer any real advantage in terms
of metal penetration or significant improvements in cool-
ing or cutting efficiency.
[0004] Another drawback is that the presence and
arrangement of such ribs on both wheel faces create
regionswithin thewheel body that arepressedat different
densities. Once fired, this results in varying hardness
across thewheel, which leads to bouncing and vibrations
during cutting operations, discomfort for the operator’s
hands, inaccuracies in the cut, and reduced perfor-
mance.
[0005] There is a clear need in the field to overcome
these limitations and produce abrasive wheels with
superior performance that do not cause bouncing or
vibrations during cutting, ensuring operator comfort
and accurate cutting. Additionally, it is important that
the wheel exhibits a constant density at every point to
achieve uniform and consistent performance. The inven-
tion aims to satisfy these and other needs of the prior art
through a simple, rational, and cost-effective solution.
[0006] In particular, the invention seeks to overcome

the issues of conventional abrasive wheels, namely:

a) Loweffectivenessof superficial protrusions,which
often do not sufficiently emerge from the surface and
fail to improveair ventilation, penetration, andcutting
efficiency;
b) Undesired density variations in the wheel due to
suboptimal cavity design in the pressing molds,
which may cause vibrations, cutting inaccuracies,
and operator discomfort;
c) Damage to reinforcement meshes during press-
ing, which compromises thewheel’s structural integ-
rity during use.

[0007] These aims are achieved through the features
set out in the independent claims. The dependent claims
define preferred and/or particularly advantageous em-
bodiments of the invention.

SUMMARY OF THE INVENTION

[0008] The present invention relates to an improved
abrasive wheel and a corresponding forming mold, as
well as a method for its production.

Abrasive Wheel

[0009] In particular, the invention relates to anabrasive
wheel obtained by pressing a mixture of abrasive grains
and binder, which includes a plurality of protrusions in
relief on its faces. The invention described here proposes
an innovative solution to overcome these issues through
an optimized geometric configuration of the protrusions
on the faces of the abrasive wheel.
[0010] These protrusions are configured to optimize
the cutting process, improving penetration into the ma-
terial to be cut, expulsion of debris, stability during use,
and ventilation and cooling.
[0011] The invention makes available an abrasive
wheel comprising adisc-shaped body obtained by press-
ing a mixture of abrasive material grains mixed with a
hardened and/or polymerized binder and at least one
annular reinforcing mesh embedded (or partially em-
bedded) in the mixture or adhered to one of its faces.
The disc-shaped body has a central axis and is provided
with two opposing faces, each comprising a plurality of
protrusions (or ribs) in relief integrally formed with the
disc-shaped body and having a predominantly radial
development. The protrusions on each face are spaced
apart by grooves configured to receive and expel cutting
debris from the face of the abrasive wheel in response to
the centrifugal force created by the rotation of said abra-
sivewheel during a cutting operation. Each protrusion on
one facehasashape that canbeentirely containedwithin
theperimeter of a respectivegrooveon theopposite face,
where the protrusions on one face are perfectly axially
aligned with the grooves on the opposite face, and each
protrusion includes lateral flanks with a curvilinear long-
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itudinal development, preferably following a respective
monotonic convex curve.
[0012] In practice, the abrasive wheel comprises a
pressed disc-shaped body with a plurality of protrusions
in relief, distributed on the two faces and developed
predominantly in the radial direction. Thanks to this con-
figuration, there is an improvement in the penetration of
the material to be cut, the removal of debris, and the
ventilation of the cutting area, reducing overheating.
[0013] Furthermore, the abrasive wheel thus formed
presents a high consistency of density throughout the
entiredisc-shapedbody,allowing forhighhardnessof the
wheel and reducing the possibility of developing, during
cutting, skipping and vibrations of thewheel itself, as well
as discomfort to the operator’s hands and inaccuracies in
cutting due to the density variations present in the wheel
body.
[0014] According to one aspect of the invention, the
protrusions on one face have a shape equal to (and
mirror) the shape of the grooves on the opposite face.
This ensures uniform pressure distribution during press-
ing, guaranteeing a constant density of the abrasive
material.
[0015] Moreover, the protrusions on one face can have
a shape equal to the shape of the grooves on the same
face. This allows for a harmonized arrangement of the
grooves and greater structural uniformity.
[0016] According to one aspect of the invention, the
curvilinear longitudinal development of each lateral flank
of any protrusion can be defined by the curve where the
tangent at any point of the curve is inclined at an angle
less than 90°, preferably less than 70°, more preferably
equal to 45°, with respect to the tangent of any concentric
circle with the abrasive wheel that passes through said
point. This improves the aerodynamics of the centrifugal
airflow during use and thus increases ventilation and
removal of cutting debris.
[0017] Moreover, the studied arrangement and shape
of the protrusions ensure perfect overlap between the
protrusions on one face and the cavities on the opposite
face (and thus the offset of the protrusions without inter-
sections), which allows for theaforementionedpossibility
of obtaining an abrasive wheel with high consistency of
density.
[0018] Furthermore, the protrusions can have the
same orientation and/or inclination, for example, left-
handed on one face (front, namely facing the grinding
machine) and right-handed on the opposite face. Thus, it
could be said that the tangent to the profile of the protru-
sions should preferably have an obtuse angle (preferably
135°) with the velocity vector of the abrasivewheel at that
point. This improves the stability of the wheel in rotation,
avoiding imbalances.
[0019] Preferably, these protrusions can extend from a
proximal end to the central axis of the abrasivewheel to a
distal end from the central axis and proximal to the outer
periphery of said abrasive wheel, where preferably the
distal end is placed in a more internal position with

respect to the outer periphery of the abrasive wheel
and, more preferably, presents an edge parallel to the
outer periphery of theabrasivewheel andseparated from
it. In this way, the weakening of the wheel edges is
avoided, and greater operational durability is ensured.
[0020] For example, each protrusion on each facemay
have a cross-section of variable width and/or shape,
preferably with increasing width from a proximal end to
the central axis of the abrasivewheel towards adistal end
from the central axis. This allows for optimized control of
force distribution during cutting.
[0021] Advantageously, each protrusion can emerge
from the respective face of the abrasive wheel to a height
between0.01mmand1.00mm,preferably between0.08
mm and 0.2 mm, ensuring an optimal effect without
compromising the mechanical strength of the wheel.
[0022] Advantageously, each protrusion can have
edges, at least those connecting the protrusion to the
respective face, chamfered and/or rounded, thereby re-
ducing the risk of damage to the reinforcing meshes
during the pressing phase of the disc and improving
the safety of the wheel.

Forming Mold

[0023] For the same purposes mentioned above, the
present invention provides a mold that includes forming
cavities to create the protrusions of the wheel, arranged
in such a way as to achieve perfect alignment of the
protrusions and grooves on the two faces. This ensures
uniform density of the pressed material. The cavities are
preferably left empty (without rubber), allowing for the
formationofmorepronouncedprotrusionson the facesof
the abrasive wheel, resulting in wheels with improved
cutting capabilities.
[0024] From an aesthetic point of view, this innovation
(with empty cavities, i.e., without rubber) generates pro-
trusions on the face of thewheel that are smooth (and not
"orange-peel" like those produced by rubber molds),
which are not only more aesthetically pleasing but also
technically more efficient.
[0025] In detail, the invention provides a forming mold
for an abrasive wheel comprising a corresponding an-
nular formingcavity anda formingpunch, inwhichat least
one of the annular cavity and the forming punch is pro-
vided with a respective annular forming wall, where a
plurality of cavities (preferably empty) are recessed in
said wall to allow the formation of protrusions on each
face of the abrasive wheel during pressing, and the
cavitieshaveapredominantly radial development,where
the cavities of each wall are spaced apart by (planar)
reliefs configured to define respective grooves on the
respective face of the abrasive wheel, where each cavity
of the forming punch wall has a shape capable of being
entirely contained within the perimeter of a respective
relief on theopposingwall of theannular cavity,where the
cavities of the forming punch wall are perfectly axially
alignedwith the reliefs of the opposingwall of the forming
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cavity, and where each cavity includes lateral flanks with
a curvilinear longitudinal development, preferably ac-
cording to a respective monotonic convex curve.
[0026] Advantageously, themold can include position-
ing means (such as grooves or other objectification
means) to maintain precise orientation between the
two parts of the mold during pressing, eliminating acci-
dental variations in the density of the wheel.
[0027] In particular, the mold can include means to
define and/or maintain a predetermined circumferential
orientation of the forming punch wall with respect to the
forming cavity wall.
[0028] Furthermore, the cavities on one wall can have
a shape equal to (and mirror) the shape of the recesses
on the opposing wall.
[0029] Advantageously, the cavities on one wall can
have a shape equal to the shape of the recesses on the
same wall.
[0030] Preferably, the curvilinear longitudinal develop-
ment of each lateral flank of any cavity can effectively be
defined by the curvewhere the tangent at any point of the
curve is inclined at an angle less than 90°, preferably less
than70°,more preferably equal to 45°,with respect to the
tangent of any concentric circle with thewall onwhich the
cavity is made that passes through said point.
[0031] Preferably, the cavities can have the same or-
ientation and/or inclination.
[0032] These cavities can extend from a proximal end
to a central axis of the wall in which they are made to a
distal end from the central axis and proximal to the ex-
ternal periphery of said wall, where preferably the distal
end is placed in a more internal position with respect to
the external periphery of the wall and, more preferably,
has an edge parallel to the external periphery of the wall
and separated from it.
[0033] Furthermore, each cavity of each wall can have
across-sectionof variablewidthand/or shape,preferably
with increasingwidth fromaproximal end toa central axis
of the respectivewall towardsadistal end from thecentral
axis.
[0034] Advantageously, each cavity has a depth be-
tween 0.01 mm and 1.00 mm, preferably between 0.15
mmand0.20mmrelative to the remainingpart of thewall,
preferably planar and orthogonal to a central axis of the
wall, which defines the reliefs between the cavities.
Thanks to this solution, it is possible to eliminate the
use of rubber in the molds, reducing production costs
and the complexity of mold maintenance.
[0035] Moreover, thanks to this, it is possible to form
smoother protrusions on the face(s) of the abrasive
wheel that emerge more prominently (compared to
known solutions) from the face of the wheel, thereby
improving cutting performance and heat dissipation. Ad-
ditionally, the chamfered edges of the cavities do not
damage the reinforcing meshes during pressing.
[0036] The cavities (deep as desired, depending on
necessity, for example, between 0.01 mm and 1.00 mm,
preferably between 0.15 mm and 0.20 mm) allow for the

creation of protrusions (ribs) that, even after baking,
emerge significantly from the face of the wheel (at a
height as desired, depending on necessity correspond-
ing approximately to the cavity of the mold). These ribs
are more pronounced compared to those obtained with
known rubber molds, ensuring greater rigidity of the
wheel; improved cutting speed; easier penetration and
reduced overheating thanks to micro-channels formed
on the surface (between the protrusions).
[0037] Furthermore, the cavities can have chamfered
and/or rounded edges at least at the edges that connect
the cavities to the wall on which the cavities themselves
are recessed.
[0038] Thanks to this solution, it is possible to protect
the reinforcing meshes, thanks to the chamfered or
rounded edges, avoiding the possibility of damaging
them during the pressing phase.
[0039] Since the sharp edges of the cavities could
damage the glass reinforcing meshes applied to the
sides of cutting wheels, having these edges chamfered
and/or rounded avoids and/or reduces the possibility of
causing damage to the reinforcingmeshes during press-
ing.

Forming Method

[0040] The invention, for the same purposes men-
tioned above, provides a forming method for pressing
an abrasive wheel that comprises the following steps:

• Preparing a mixture of abrasive material grains and
binder;

• Preparing at least one annular reinforcing mesh;
• Introducing the mixture and at least one annular

reinforcing mesh into an annular cavity of a forming
mold according to any of the preceding claims; in
abrasive wheels (cutting), preferably the reinforcing
meshes are placed on the outer faces, but it is not
excluded that some abrasive wheels (cutting) may
also have one (sometimes only that) internal mesh
placed halfway through the thickness of the abrasive
wheel.

• Applying pressure to themixture to obtain anannular
body equipped with a plurality of protrusions in relief
on both faces, each having a predominantly radial
development, where the protrusions on each face
are spaced apart by grooves, where each protrusion
on one face has a shape capable of being entirely
containedwithin theperimeterof a respectivegroove
on the opposite face, where the protrusions on one
face are perfectly axially aligned with the grooves on
the opposite face, and where each protrusion in-
cludes lateral flanks with a curvilinear longitudinal
development, preferably according to a respective
monotonic convex curve.

[0041] Advantageously, the method may include bak-
ing the annular body formed by the mold, in order to
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harden and/or polymerize the binder and to obtain an
abrasive wheel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] Further characteristics and advantages of the
invention will become evident from reading the following
description provided as an example and not limitative,
with the help of the figures illustrated in the attached
tables.

Figure 1 shows an abrasive wheel according to the
invention installed on a grinding machine; viewed
from the top side of the machine, the wheel normally
rotates clockwise.
Figure 2 is a rear (or lower) isometric view of an
abrasive wheel according to the invention.
Figure 3 is a front (or upper) isometric view of Figure
2.
Figure 4a is a front view of Figure 2.
Figure 4b is a partial cross-sectional isometric view.
Figure 5 is a construction diagramof the profile of the
protrusions and the spacing between one protrusion
and another on a face of the wheel.
Figure 6a is a front viewof anabrasivewheel accord-
ing to the invention with a smaller number of protru-
sions compared to that of Figure 4a.
Figure 6b is a schematic front view of Figure 6a
highlighting the arrangement of the protrusions on
the two opposing faces of the abrasive wheel show-
ing that each protrusion on one face is located in the
space created between two protrusions on the op-
posite face.
Figure 7a is a front viewof anabrasivewheel accord-
ing to the invention with an intermediate number of
protrusions compared to that of Figure 4a andFigure
6a.
Figure 7b is a schematic front view of Figure 7a
highlighting the arrangement of the protrusions on
the two opposing faces of the abrasive wheel.
Figure 8 is another cross-sectional view along the
section line B-B of Figure 4a.
Figure 9 is a schematic cross-sectional view of a
mold for forming abrasive wheels according to the
invention.
Figure10 is a front elevation viewof a formingwall (of
a punch and/or a die) of a mold according to the
invention of the mold in Figure 9.
Figure 11 is an isometric view of a punch and/or a
bottom wall of a mold of Figure 10.
Figure 12 is a cross-sectional view along the section
line C-C of Figure 10 and the corresponding enlar-
gement.
Figures 13a‑13b‑13c are schematic views of a se-
quence of forming an abrasive wheel according to
the invention.
Figure 14 is a cross-sectional view of an enlarged
detail of amold according to the invention in a closed

configuration.
Figure15 isaflowdiagramofamethod for formingan
abrasive wheel (according to the first or second
embodiment), according to the invention.

BEST MODE FOR CARRYING OUT THE INVENTION

Abrasive Wheel

[0043] With particular reference to Figures 2, 3, 4a, 4b,
and 8, the abrasive wheel is generally indicated with 10,
for example, a cutting wheel.
[0044] It is not excluded that the abrasive wheel could
be a deburring or grinding wheel (grinding and/or polish-
ing).
[0045] In the illustrated example, the abrasive wheel
10 is a flat (cutting)wheel; however, it is not excluded that
it could be of a depressed center type (for cutting or
deburring).
[0046] The abrasive wheel 10 comprises an annular
body 20, equipped with a central axis A, which is, for
example, substantially flat (although it is not excluded
that the annular body is of a depressed center type).
[0047] The annular body 20 is substantially circular
and has a central fastening hole 21 coaxial to the annular
body 20.
[0048] The fastening hole 21 can be connected, sub-
stantially coaxially, to the free end of a rotating shaft of a
grinding machine (portable or stationary), shown in Fig-
ure 1.
[0049] The abrasive wheel 10, or the annular body 20
thereof, can be produced in various sizes to suit different
applications. The most common outer diameters include
115 mm, 125 mm, 150 mm, 180 mm, and 230 mm,
although smaller and larger diameters are also possible.
A characteristic of the abrasive wheel 10 (or the annular
body 20) when it is a cutting wheel is its relatively thin
thickness, for example, the abrasive wheel 10 (or the
annular body 20 thereof) has a thickness close to one-
hundredth (1/100)of theouter diameter or even less.This
does not preclude the invention from being advanta-
geously applicable to wheels of any thickness.
[0050] The annular body 20 comprises two opposing
faces22and23,with a rear face22andanopposing front
face 23.
[0051] For example, faces 22 and 23 are globally par-
allel toeachotherand (for themostpart) orthogonal to the
central axis A of the abrasive wheel 20.
[0052] In general, the rear face 22 is oriented towards
the free end of the rotating shaft of the grinding machine
when the wheel 20 is fixed to the rotating shaft itself (i.e.,
the attachment hole 21 is fitted onto it), and the front face
23 is oriented towards the grindingmachine. The annular
body 20 has a substantially layered structure and in-
cludes at least one or more layers of abrasive mixture.
[0053] Each layer of abrasive mixture (once the wheel
is pressedand cooked) defines asubstantiallymonolithic
body.
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[0054] For example, each layer of abrasive mixture is
made from a mixture of abrasive grains (coated with a
binding resinandfiller fillers) that is compactedandstably
bound by the same binding resin.
[0055] In practice, the layer of abrasive mixture is
obtained by pressing amixture of loose abrasivematerial
grains, for example, abrasive material such as natural
corundum, sand, quartz, fused artificial corundum, sol-
gel or sintered ceramic abrasives, zirconium corundums,
silicon carbide, or others, and mixed with an appropriate
binder, for example, based on binding resins, such as
phenolic resins, liquid and/or in powder and possibly
modified with epoxy, phenoxy, rubber, and/or other re-
sins, modified with organic and/or plant or synthetic
compounds, and other types of polyimide resins, etc.,
and/or with additives and fillers.
[0056] Forexample, theamount of resin is between5%
and 40% by weight relative to the weight of the abrasive
material grain mixture.
[0057] The abrasive material of the abrasive mixture
layer has a granulometry substantially between 120 and
12 mesh (the use of abrasive mixtures with larger or
smaller granulometry than the reported range is not ex-
cluded according to the requirements).
[0058] The annular body 20 also includes one or more
reinforcing meshes (made of glass fiber or other suitable
material such as Kevlar, carbon, basalt, etc.) each sub-
stantially embedded or at least partially embedded (if
positioned adjacent to the external face of the wheel)
in the abrasive mixture layer; there may also be a case
where there is only one reinforcing mesh placed in be-
tween two layers of abrasive materials, or even the case
of a wheel without reinforcing meshes (wheels for low
rotation speeds).
[0059] In practice, the abrasivemixture layer (or layers
of abrasive mixture) surrounds, particularly axially, the
entire surface (lower and upper) of the reinforcing mesh.
[0060] Each of the faces 22 and 23, i.e., both the front
face 23 and the rear face 22, of the annular body 20 of the
abrasive wheel 10 includes a motif/design or texturing
formed on it.
[0061] The motif is obtained during the forming phase
of the abrasive wheel 10 (before its final cooking), for
example, bymeans of a specific formingmold that will be
described in more detail later. The particular geometry of
the reliefs on each face will also be meticulously de-
scribed later.
[0062] Each motif (relief) extends along a circular
crown concentric with the annular body 20 and having
an outer diameter substantially equal (or slightly smaller)
to the outer diameter of the respective face 22 and 23
and, for example, equal (or slightly larger) to the diameter
of the fastening hole 21.
[0063] Particularly, each of the faces 22 and 23 in-
cludes a motif/design or texturing in relief formed on it.
[0064] Preferably, the aforementioned motif/design or
texturing in relief comprises a plurality of protrusions 24
(in any number as needed) emerging from face 22,23 of

the annular body 20 of the abrasive wheel 10.
[0065] For example, each protrusion 24 has a height at
will, depending on the needs, for example, between 0.01
mm and 1.00 mm, preferably between 0.08 mm and 0.2
mm, (which protrudes from the plane defining face 22,23
from which it rises). This height may reduce slightly
during the cooking of the wheel, specifically during the
fluid phase of the binding resin, due to the weight of the
pile of wheels and the cooking supports, between which
each wheel is interposed during the extended cooking
phase to maintain the flat (or depressed center) shape.
The cooking supports indeed rest on the protrusions and,
due to the weight of the pile above, tend to compress
them during the fluid phase (between 80 and 130°C) of
polymerization.
[0066] Advantageously, each protrusion 24 presents
edges, at least those connecting the protrusion 24 to the
respective face 22,23, chamfered, for example, by
means of an inclined wall at an angle at will, for example,
substantially equal to 45° (± 20°), and/or rounded, for
example, by means of a rounded wall (with a rounding
radius at will, for example, that can vary between 0.01
and 1mm).
[0067] For example, each protrusion 24 might also
present the top edges (distal from those connecting
the protrusion 24 to the respective face 22,23) cham-
fered, for example, by means of an inclined wall at an
angle (at will, for example) substantially equal to 45° (±
20°), and/or rounded, for example, by means of a
rounded wall (with a rounding radius at will, for example,
that can vary between 0.01 and 1mm).
[0068] For example, the lateral wall of each protrusion
could be entirely inclined like the aforementioned cham-
fer or present one or more steps (in which at least one
central portion of the step has an inclination orthogonal to
the plane of face 22,23 from which it is derived).
[0069] Each protrusion 24, for example, presents a
substantially planar (and smooth) apical wall parallel to
the plane of face 22,23 from which it is derived.
[0070] Eachprotrusion24preferably presents anelon-
gated shape (along a longitudinal direction, (rectilinear or
curvilinear) preferably curvilinear, for example, according
to a spiral arc, a circle arc, or an ellipse arc or similar,
along a predominant development direction parallel to
the plane of face 22,23 on which it is formed.
[0071] In practice, each protrusion 24 defines a rib.
[0072] Furthermore, each protrusion 24 comprises lat-
eral flanks with a curvilinear longitudinal development,
preferably according to a respective monotonic convex
curve.
[0073] Advantageously, the curvilinear longitudinal de-
velopment of each lateral flank of any protrusion 24 can
be defined by a particular geometry of the curve accord-
ing to which the tangent at any point of the curve is
inclined at a constant angle, less than 90°, preferably
less than 70°, more preferably less than 60°, and even
more preferably equal to 45° ± 5°, with respect to the
tangent of any concentric circle with the abrasive wheel
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that passes through the said point. This geometry favors
the generation of an airflow that channels between one
protrusion 24 and another from the innermost zone to-
wards the outermost zone and keeps the cut cool.
[0074] A peculiarity that characterizes the invention
and improves it compared to similar architectures is that
each protrusion 24 of a face 22,23 is located in corre-
spondence with the groove 25 (or cavity) defined be-
tween two protrusions 24 of the opposite face 23,22. In
this way, the thickness of the annular body 20 and there-
fore also its density remain constant. A constant density
implies a uniform and regular consumption of the disc
during its use.
[0075] Preferably, it is desired that the protrusions on
both faces 22 and 23 of the abrasive wheel 10 have a
constant width, measured on a circular arc having its
center at the center of the wheel itself; The same value
must have the width of the grooves 25 (or spaces) be-
tween one protrusion 24 and the adjacent one. In this
motion, each face 22,23 of the wheel contains a se-
quenceof equally spacedprotrusions 24with equalwidth
between them and also equal to the width of the grooves
25.
[0076] Theprotrusions24on theopposite face23,22of
the wheel will be arranged with an opposite orientation
(right-handed if on the first face they are right-handed)
and located in correspondence with the grooves 25 pre-
sent between the protrusions 24 on the first face (to
maintain constant thickness). It is therefore obvious that
the widths of the grooves 25 and the protrusions 24 are
equal to each other and also equal to those of the widths
and spaces of the opposite face. Nothing would prevent
making the grooves 25 narrower or wider than the pro-
trusions 24; however, if, for example, on one face 22,23
the grooves 25 were narrower than the protrusions 24,
the corresponding protrusions 24 on the opposite face
would be narrower than the grooves 25 resulting in an
unappealing asymmetry in terms of the wheel’s aes-
thetics and that could also lead to distortions in the wheel
itself. It is therefore preferred that the width of the protru-
sions 24 and the grooves 25 on each of the two faces
22,23 remains constant.
[0077] The number of protrusions 24 can be chosen at
will from any integer value greater than or equal to 2. We
will see later that given the number of protrusions "n" the
angle between one protrusion 24 and the next is given by
a simple mathematical law thus maintaining a constant
angular step.
[0078] The inclination of the protrusions 24 is deter-
minedby thedirection of rotationof theabrasivewheel 10
basedon the following considerations: anabrasivewheel
10 installed on a grinding machine as in fig1 rotates
clockwise; therefore, it is desired that, as seen in the
figure, the angle between the tangent to the profile of the
protrusion 24 at a point and the velocity vector at that
point is obtuse. In other words, the protrusions 24 must
have a left-handed longitudinal development. It goes
without saying that on the opposite face the protrusions

will have a right-handed orientation.
[0079] As mentioned, the protrusions 24 on each face
22,23 are spaced apart by grooves 25 configured to
generate a centrifugal airflow quite similar to that of a
radial turbine. Such a flow helps to keep the cutting
surface cool and helps thanks to its motion and the
geometry of the grooves 25 to receive and expel the
cutting residues from the face of the abrasive wheel 10
in response to thecentrifugal force createdby the rotation
of said abrasive wheel during a cutting operation.
[0080] Each protrusion 24 on a face 22,23 has a shape
capable of being entirely contained within the perimeter
(at least the lateral flanks) of a respective groove 25 on
the opposite face. Advantageously, the protrusions 24 on
a face 22,23 have a shape substantially equal to the
shape of the grooves 25 on the opposite face 23,22.
[0081] Furthermore, the protrusions 24ona face 22,23
have a shape equal to the shape of the grooves 25 on the
same face 22,23.
[0082] Advantageously, the protrusions 24 on each
face 22,23 extend from a proximal end to the central axis
A of the abrasive wheel 10 to a distal end from the central
axis A and proximal to the external periphery of said
abrasive wheel 10, where preferably the distal end is
placed in a more internal position with respect to the
external periphery of the abrasive wheel 10 and, more
preferably, has a circumferential edge parallel to the
external periphery of the abrasive wheel 10 and sepa-
rated from it.
[0083] Moreover, the protrusions 24 as constructed
have a cross-section (with respect to their longitudinal
development) of variable size and/or shape and increas-
ing from the proximal end towards the distal end.
[0084] The (maximum) width of the protrusions 24
(equal among themselves) depends on (and is inversely
proportional to) thenumberof protrusions24madeon the
respective face 22,23.
[0085] In the example illustrated in Figure 6a (and 6b),
the number of protrusions 24 for each face 22,23 is equal
to no. 10 and in the example illustrated in Figure 7a (and
7b), the number of protrusions for each face 22,23 is
equal tono. 12, in this secondcase theprotrusionshavea
maximum width obviously smaller than those of the first
case.
[0086] In the example illustrated in Figure 4a, the
number of protrusions for each face 22,23 is equal to
no. 15, in this case, the protrusions have a maximum
width smaller than those of the first case and the second
case mentioned above.
[0087] As mentioned, between each pair of adjacent
protrusions 24, i.e., in correspondence with each groove
25, evacuation channels are defined for machining chips
and/or for aeration/ventilation/cooling of the work area.
[0088] Particularly, both faces 22 and 23 include a
respective (identical) motif/design or texturing in relief
formed on them.
[0089] The bottom wall of each groove 25 is planar
(and perpendicular to the central axis A). Advanta-

5

10

15

20

25

30

35

40

45

50

55



8

13 EP 4 817 794 A1 14

geously, the topwall of each protrusion 24 is (also) planar
(and perpendicular to the central axis A, i.e., parallel to
the bottom walls of the grooves 25).
[0090] In detail, following the diagram of Figure 5, the
definition of the profiles of the protrusions 24 is obtained
through the following geometric procedure:
One or each of the lateral flanks of the protrusion 24 (and
consequently of the groove 25) is defined by a deter-
mined generating line.
[0091] In practice, each generating line defines the
shape of a lateral flank (inner/intrados or outer/extrados)
of a protrusion 24.
[0092] The generating line of the protrusion 24 is de-
fined by a spiral line (or curve) whose tangent at each
point forms with the concentric circle with the abrasive
wheel passing through that point a constant angle α,
where for example theangleα is less than90°, preferably
less than 70°, more preferably less than 60°, and even
more preferably equal to 45° ± 5°. The axial ends of the
generating line are determined by two diameters D1 and
D2, where:

• D1 is the (inner) diameter of a minimum concentric
circle with the abrasive wheel 10 that cuts the gen-
erating line at its proximal end to the central axis A of
the abrasive wheel; and

• D2 is the (outer) diameter of a maximum concentric
circle with the abrasive wheel 10 that cuts the gen-
erating line at its distal end to the central axis A of the
abrasive wheel.

[0093] In practice, the two circles with diameters D1
and D2 truncate the generating line at their respective
axial ends. The diameters D1 and D2 are such that D1 is
less than D2, D1 is greater than or equal to (for example,
different in the illustrated case) the diameter of the central
hole21of theabrasivewheel, andD2 is less thanor equal
to (for example, different in the illustrated case) the outer
diameter of the abrasive wheel 10. The choice of dia-
meters D1 andD2, besides technical reasons (where it is
advisable to maximize the area covered by the protru-
sions 24, i.e., it is desirable that the difference between
D1andD2be as large as possible), is also determinedby
aesthetic reasons. Additionally, their sizing is related to
the external diameter of the specific wheel. In any case,
D1 and D2 can be determined as desired according to
requirements.
[0094] The number n of protrusions 24 to be formed on
face 22,23 is a determined value (and variable according
to technical, aesthetic, functional, and economic needs).
[0095] The additional generating line that defines the
other lateral flank (outer/extrados or inner/intrados) is
generated by rotating through an angle β around the
central axis of the abrasive wheel 10, where the angle
β is determined (calculated) using the following formula:

where n is the number of protrusions 24 to be formed on
face 22,23.
[0096] All the generating lines (defining the inner lat-
eral flank and the outer lateral flank of each protrusion 24
of face 22,23) are determined by rotating the preceding
generating line (in thedirectionof rotation) byanangle2 x
β mentioned above.
[0097] Advantageously, the radii of curvature r1, r2, r3,
r3 of the connections between the two adjacent generat-
ing lines (that define the inner lateral flank and the outer
lateral flank of each protrusion 24) and the two circles of
diameter D1 and D2 mentioned above are defined. Pre-
ferably, the radii of curvatureareall equal toasingle value
r, determined by the diameter of the cutter used to work
themold fromwhich thewheel 10 is obtained. However, it
is not excluded that the radii of curvature r1, r2, r3, r4may
differ from each other.
[0098] The height E of each protrusion 24 is illustrated
in figure 14. Figure 14 shows a section where the protru-
sions 24 and the grooves 25 realized in the abrasive
wheel 10 are clearly visible.
[0099] Each protrusion, as described above, will fea-
ture edges, at least those connecting the protrusion 24 to
the respective face 22,23, chamfered, for example, by
means of an inclined wall at an angle γ (see figure 14) as
desired, for example, substantially equal to 45° (±15°) or
30° (± 15°).
[0100] In practice, the entire lateral flank (inner or out-
er) of each protrusion is inclined with respect to the plane
of face 22,23 by such an angle γ. This chamfer is func-
tional to prevent damage to the glass fiber yarn of the
wheel’s reinforcing mesh, thereby avoiding sharp edges
that could cut or damage the fibers.
[0101] Particularly, the protrusions 24 on any face 22,
23 are perfectly axially aligned with the grooves 25 of the
opposite face 23,22.
[0102] In practice, the perimeter edges of the protru-
sions 24 on one face 22,23 are contained within the
perimeter edges of respective grooves 25 on the oppo-
site face 23,22.
[0103] In other words, the protrusions 24 present on
the front face 23 are circumferentially (perfectly) offset
from the protrusions 24 present on the rear face 22, for
example by half a step or half the pitch between the
cavities 54 of the same wall 51,52.
[0104] Preferably, the protrusions 24 on each face
22,23 are geometrically constructed in the same way
(as described above), but such that the protrusions 24
on one face 22,23 are angularly offset with respect to the
protrusions on the opposite face 23,22, for example,
precisely by the aforementioned angle β in fig. 5.
[0105] In thisway, the protrusions24onone face22,23
align exactly with the grooves 25 (between the protru-
sions 24) on the opposite face 23,22.
[0106] Thanks to this, the thickness S of the annular
body20of theabrasivewheel 10 is substantially constant
(throughout its entirety).
[0107] Therefore, the density of the material compos-
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ing the annular body 20 of the abrasive wheel 10 is
substantially constant (throughout its entirety), thereby
preventing excesses or deficiencies in density that would
lead to irregular wear of the wheel itself during use. The
nominal thickness h of the abrasive wheel 10, defined by
the maximum distance between the crests of the protru-
sions 24 on the opposing faces 22,23, is greater than the
point thickness S, which determines the (constant) den-
sity of the annular body 20 (see figure 10).
[0108] Moreover, anannular label canbeapplied to the
front face 22 of the annular body 20 of the abrasivewheel
10 (in general), on which the technical details of the
abrasive wheel itself are reported, with the label being
applied to an annular portion (flat or convex) of the front
face 22.
[0109] Finally, the abrasive wheel 10 may include one
or more metallic annular elements, commonly known as
washers or collars, that delimit the fastening hole 21 of
the annular body 20 to precisely fit onto the spindle of the
grinding machine.
[0110] The washer is fixed on one of the two faces
22,23 of the annular body 20 and includes a hollow
central collar that fits substantially to measure into the
fasteninghole21andhasanaxial thickness substantially
equal (or slightly less) to the axial thicknessof theannular
body 20. It is not excluded that a second washer could
also be fixed on the other face of the abrasive wheel 10.

Forming Mold

[0111] The abrasive wheel 10 is obtained by pressing,
for example, using a forming mold 50 and a forming
method as described below.
[0112] By way of example, the forming mold (see fig-
ures9 - 10 - 11 - 12 - 13) for abrasivewheels 10comprises
amoldmatrix designed to opposeapunch for forming the
abrasive wheel 10.
[0113] The matrix, for example, includes a cylindrical
jacket (commonly called a ring), which is closed at the
bottom by a bottom wall 51, defining an annular forming
face of the mold 50.
[0114] In practice, the bottomwall 51 comprises a disk-
shaped body with a circumferential base and is, for ex-
ample, made of metallic material suitable for being in-
serted substantially to measure within the cylindrical
jacket.
[0115] The bottom wall 51 and the cylindrical jacket
define an open-top forming chamber.
[0116] Advantageously, the bottom wall 51 can be
associated slidably with respect to the cylindrical jacket
to vary the internal volume of the forming chamber,
practically varying the axial position of the bottom wall
relative to the cylindrical jacket. This is useful, for exam-
ple, for loading loose abrasive material into the mold (to
create an abrasive layer of constant thickness by trim-
ming the excess with a blade) and for extracting the
pressed wheel.
[0117] The bottom wall 51 has a centering pin protrud-

ing from its upper face and coaxial with the cylindrical
jacket.
[0118] The centering pin, in particular, is inserted into a
central hole made in the bottom wall and fixed there or
floating.
[0119] The forming chamber with the centering pin
protruding from the bottom wall 51 defines an (open)
annular cavity for forming the annular body 20 of the
abrasive wheel 10.
[0120] The upper face of the bottom wall 51 can be
substantially planar if a flat abrasive wheel 10 is to be
made, while it can have a central recess if depressed
center wheels are to be molded.
[0121] In any case, the bottom wall defines a support
plane for the abrasive wheel 10 to be formed, substan-
tially orthogonal to the axis of the cylindrical jacket.
[0122] The punch, for example, comprises an annu-
lar/disk-shaped body whose external diameter is sub-
stantially equal to the external diameter of the bottomwall
of the mold matrix (or slightly smaller than the internal
diameter of the cylindrical jacket), so that it can be in-
serted substantially to measure within the cylindrical
jacket and superimposed on the bottom wall itself.
[0123] The punch, therefore, comprises a lower annu-
lar/circularwall 52,whichdefinesanannular forming face
opposed (and parallel) to the annular forming face de-
fined by the bottom wall 51.
[0124] If a depressed center abrasive wheel 10 is to be
formed, the punch includes a central (convex) shape
complementary to the bottom wall.
[0125] The punch and the bottom wall are movable in
reciprocal approach/separation, respectively for the clo-
sing/opening of the forming chamber, as is known to a
technician in the field, for pressing the abrasivewheel 10.
[0126] At least oneof the lowerwall 52of thepunchand
the bottom wall 51 of the mold matrix 50, or only one of
them or each of them, includes a (respective) motif/de-
sign or texturing, complementary to that to be formed on
the respective face 22,23 of the abrasive wheel 10,
formed on it.
[0127] Particularly, each of the walls 51,52, i.e., the
lower wall 52 of the punch and the bottom wall 51 of the
matrix, includes a complementary motif/design or textur-
ing formedon it. Preferably, theaforementionedmotif/de-
sign or complementary texturing includes a plurality of
cavities 54, which are recessed into the respective wall
51,52 (according to a predetermined design), which in
the remaining part is, for example, globally flat.
[0128] For example, each cavity 54 has a depth be-
tween 0.01 mm and 1.00 mm (relative to the plane
defining the lower wall 52 from which it derives), prefer-
ably between 0.15 mm and 0.20 mm.
[0129] Advantageously, each cavity 54 has edges, at
least those joining thecavity54 to the respectivewall (i.e.,
the lower wall 52), chamfered, for example, by means of
an inclined wall at an angle γ as desired, for example,
substantially equal to 45° (± 15°) or 30° (±15°), and/or
rounded, for example, bymeans of a rounded lateral wall
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(with a rounding radius as desired, for example, that can
vary between 0.01 and 1mm).
[0130] For example, each cavity 54 might also have
chamfered top edges (distal from those connecting the
protrusion 54 to the respective wall, i.e., the lower wall
52), for example, bymeans of an inclinedwall at an angle
as desired, for example, substantially equal to 45° (±
15°), and/or rounded, for example, by means of a
rounded wall (with a rounding radius as desired, for
example, that can vary between 0.01 and 1mm).
[0131] The base of each cavity 54 is, for example,
planar and parallel to the plane of the wall (i.e., the lower
wall 52) in which it is recessed.
[0132] For example, the lateral wall of each cavity 54
could be entirely inclined like the aforementioned cham-
fer or present one or more steps (in which at least one
central portion of the step has an inclination orthogonal to
the plane of the wall, i.e., the lower wall 52, from which it
derives).
[0133] Each cavity 54 preferably presents an elon-
gated shape (along a longitudinal direction, rectilinear
or curvilinear) preferablycurvilinear, forexample, accord-
ing to a circle arc, spiral, or ellipse arc or similar, along a
predominant development direction parallel to the plane
of the wall (i.e., the lower wall 52) on which it is recessed.
[0134] Furthermore, each cavity 54 includes lateral
flanks with a curvilinear longitudinal development, pre-
ferably according to a respective monotonic convex
curve.
[0135] Advantageously, the curvilinear longitudinal de-
velopment of each lateral flank of any cavity 54 is defined
by thecurveaccording towhich the tangent at anypoint of
the curve is inclined at an angle less than 90°, preferably
less than 70°, more preferably less than 60°, and even
more preferably equal to 45°± 5°, relative to the tangent
to the concentric circle with the respective wall 51,52 that
passes through the said point.
[0136] The inclination of the cavities 54 is, for example,
right-handed on one wall (and left-handed on the oppo-
site wall).
[0137] Thecavities54are substantially parallel to each
other and, preferably, equidistant (i.e., with a constant
angular pitch).
[0138] The cavities 54 on each wall 51,52 are spaced
apart by reliefs 55 of the respective wall 51,52, where
such reliefs are preferably planar, coplanar, and ortho-
gonal to the central axis of the mold 50.
[0139] Each cavity 54 on a wall 51,52 (of the matrix or
the punch) has a shape capable of being entirely con-
tainedwithin the perimeter (at least the lateral flanks) of a
respective relief 55 on the opposing wall 52,51 (of the
punch or the matrix).
[0140] Advantageously, the cavities 54 on one wall
51,52 (of the matrix or the punch) have a shape substan-
tially equal to the shape of the reliefs 55 on the opposing
wall 52,51 (of the punch or the matrix).
[0141] Furthermore, the cavities 54 on one wall 51,52
have a shape equal to the shape of the reliefs 55 on the

same wall 52,51.
[0142] Advantageously, the cavities 54 on each wall
51,52extend fromaproximal end to the central axis of the
mold 50 to a distal end from the central axis and proximal
to the outer periphery of the wall 51,52, where preferably
the distal end is positionedmore internally with respect to
theouter peripheryof the respectivewall 51,52and,more
preferably, hasacircumferential edgeparallel to theouter
periphery of the respective wall 51,52 and separated
from it.
[0143] Furthermore, the cavities 54 have a cross-sec-
tion (relative to their longitudinal development) of variable
size and/or shape, for example, they may have an in-
creasing width from the proximal end towards the distal
end from the center.
[0144] The (maximum) width of the cavities 54 (equal
among themselves) dependson (and is inversely propor-
tional to) the number of cavities 54 made on the respec-
tivewall 51,52.Betweeneachpair of adjacent cavities54,
i.e., in correspondence with each relief 55, planar por-
tions of the respective wall 51,52 are defined.
[0145] Particularly, both walls 51,52, i.e., both the low-
er wall 52 of the punch and the bottom wall 51 of the
matrix, include a respective (identical) complementary
motif/design or texturing formed on them.
[0146] The top wall of each relief 55, as mentioned, is
planar (and perpendicular to the central axis of the mold
50).
[0147] Advantageously, the bottom wall of each cavity
54 is (also) planar (and perpendicular to the central axis
of the mold 50, i.e., parallel to the top walls of the reliefs
55).
[0148] The geometric definition of the shape of the
cavities 54 on the respective wall 51,52 is the same as
described above (with reference to figures 14 and 5) for
the protrusions 24 on a face 22,23 of the abrasive wheel
10.
[0149] Particularly, the cavities 54 on any wall 51,52
are perfectly axially aligned (overlapping the reliefs on
the opposing wall 52,51).
[0150] In practice, the perimeter edges of the cavities
54 on one wall 51,52 are aligned in plan view and con-
tained within the perimeter edges of respective reliefs 55
on the opposing wall 52,51.
[0151] In practice, the cavities 54 present on the lower
wall 52 are circumferentially (perfectly) offset from the
cavities 54 present on the bottomwall 51, for example, by
half a step or half the pitch between the cavities 54 on the
same wall 51,52.
[0152] In practice, each cavity 54 on a wall 51,52 is
axially aligned with a relief 55 (or a planar/rectified por-
tion) on the opposing wall 52,51. To maintain this posi-
tioning, the upper and lower molds must not be free to
rotate relative to each other.
[0153] The mold 50, preferably, therefore, includes
means to define and/or maintain a (unique) predeter-
mined circumferential orientation of the lower wall 52
of the forming punch relative to the bottom wall 51 of
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the forming cavity.
[0154] For example, such means may include:

• an (axial) groove made in one between the cylind-
rical jacket and the bottom wall 51 and a tongue
made in the other between the bottom wall 51 and
the cylindrical jacket, so that the bottom wall 51 can
be oriented in a single possible orientation relative to
the cylindrical jacket; and/or

• an (axial) groove made in one between the cylind-
rical jacket and the punch and a tongue made in the
other between the punch and the cylindrical jacket,
so that the lowerwall 52 of the punch can be oriented
in a single possible orientation relative to the cylind-
rical jacket.

[0155] It is not excluded that said means can be rea-
lized in another way, for example, magnetic and/or visual
(like referencemarks), the use of pins fixed on the molds
that slide within special holesmade in the structure of the
press, or vice versa, or anything else, capable of allowing
and/or maintaining a unique predetermined circumfer-
ential orientation of the lowerwall 52 of the forming punch
relative to the bottom wall 51 of the matrix, such that the
cavities 54 on the two walls 51,52 are perfectly offset, as
described above, without axial intersections between
them.

Forming Method

[0156] The forming method-of which a schematic flow
diagram is illustrated in Figure 15-provides for the for-
mation by pressing of an abrasive wheel 10 as described
above. The forming method, for example, includes:

Providing a forming mold 50 as described above
(block M1); and
preparing (block M2) a mixture of abrasive material
grains, binder, and fillers, as known to a technician in
the field.

[0157] For example, in the setup of the forming mold
50, the tooling phase is provided, which involves-acting
on the means to define and/or maintain a (unique) pre-
determined circumferential orientation of the lower wall
52 of the forming punchwith respect to the bottomwall 51
of the forming cavity of the forming mold 50-orienting the
bottom wall 51 with respect to the lower wall 52 to define
and/or maintain a (unique) predetermined circumferen-
tial orientation of the lower wall 52 of the forming punch
with respect to the bottom wall 51 of the forming cavity.
[0158] This (unique) orientation is such that the cav-
ities54ofonewall 51,52areperfectly offset, asdescribed
above, by half a step, i.e., not at all overlapping the
cavities of the opposite wall 52,51.
[0159] The forming method, therefore, initially pro-
vides, for example, to insert (block M3) into the forming
cavity, so that it fits onto the centering pin and rests on the

bottomwall 51 (for example, on its peripheral portion), the
washer with the hollow central shank protruding from the
bottom wall itself.
[0160] Subsequently, if provided, the label is placed
(block M4) on the bottom wall 51 and/or on the washer.
[0161] Subsequently, (block M5) a reinforcing mesh
and one or more alternating abrasive mixture layers
and/or one or more pre-prepared reinforcing meshes
are introduced into the forming cavity, for example, rest-
ing on the bottomwall 51 (directly or with the interposition
of the label). Generally, as the last component, a reinfor-
cing mesh is introduced resting on the abrasive mixture
layer.
[0162] In the case of thin cutting wheels, normally, (in
addition to the washer and the label) a mesh is placed at
the bottom, anabrasivemixture layer, and amesh resting
on the abrasive mixture layer; In this way, the wheel will
contain one abrasive mixture layer and two reinforcing
meshespositionedexternally to themixture.Themeshes
that are preimpregnated with resin (generally phenolic)
adhere to the abrasive mixture during the subsequent
polymerization phase. When the recipe for the abrasive
wheel 10 is completed (i.e., each of the layers intended to
compose the abrasive wheel 10 has been composed
according toapredetermined formation recipe), the form-
ing method involves bringing the punch closer to the
matrix (introducing it coaxially inside the cylindrical jack-
et, in order to apply pressure (block M6) to the mixture to
obtain a compact and solid annular body 20; the abrasive
grains coated with resin under strong pressure indeed
stick to each other, making the artifact manipulable and
prepared for the subsequent polymerization cycle (see
further below).
[0163] Thanks to the presence of at least one wall
51,52 with the aforementioned cavities 54, a plurality
of (complementary) protrusions are formed on one of
the faces 22,23 of the annular body 20, where the pro-
trusions have chamfered and/or rounded edges, at least
the edges that join the protrusions to face 22,23.
[0164] Preferably, respective protrusions are formed
on both faces 22,23 (where the protrusions present on
one face22,23arepreferably circumferentially offsetwith
respect to the additional protrusions present on the other
face 23,22).
[0165] In practice, themethod involves forming protru-
sions 24 on both faces 22,23 of the abrasive wheel 10
according to a precise geometric arrangement (using a
mold as described above), which, for example, provides
that theprotrusions24are formed in the followingway (as
described above in relation to figures 14 and 5).
[0166] A generating line is determined (which defines
one or both lateral flanks of the protrusion 24).
[0167] In practice, each generating line defines the
shape of a lateral flank (inner/intrados or outer/extrados)
of a protrusion 24.
[0168] The generating line of the protrusion 24 is de-
fined by a line (or curve) whose tangent at each point
forms with the concentric circle with the abrasive wheel
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passing through that point a constant angle α, where, for
example, theangleα is less than90°, preferably less than
70°, more preferably less than 60°, and even more pre-
ferably equal to 45° ± 5°.
[0169] Diameters D1 and D2 are predetermined,
where:

• D1 is the (internal) diameter of aminimumconcentric
circle with the abrasive wheel 10 that cuts the gen-
erating line at its proximal end to the central axis A of
the abrasive wheel; and

• D2 is the (external) diameter of a maximum con-
centric circle with the abrasive wheel 10 that cuts the
generating line at its distal end to the central axis A of
the abrasive wheel.

[0170] In practice, the two circles with diameters D1
and D2 truncate the generating line at their respective
axial ends.
[0171] The diameters D1 and D2 are such that D1 is
less than D2, D1 is greater than or equal to (for example,
different in the illustrated case) the diameter of the central
hole21of theabrasivewheel, andD2 is less thanor equal
to (for example, different in the illustrated case) the outer
diameter of the abrasive wheel 10.
[0172] The number n of protrusions 24 to be formed on
face 22,23 is determined.
[0173] The additional generating line that defines the
other lateral flank (outer/extrados or inner/intrados) is
generated by rotating through an angle β around the
central axis of the abrasive wheel 10, where the angle
β is determined (calculated) using the following formula:

where n is the number of protrusions 24 to be formed on
face 22,23.
[0174] All generating lines (defining the inner lateral
flank and the outer lateral flank of each protrusion 24 of
face 22,23) are determined by rotating the preceding
generating line (in the direction of rotation) by the same
angle β mentioned above.
[0175] Advantageously, the radii of curvature r1, r2, r3,
r3 of the connections between the two adjacent generat-
ing lines (that define the inner lateral flank and the outer
lateral flank of each protrusion 24) and the two circles of
diameter D1 and D2 mentioned above are defined. Pre-
ferably, and for practicality in making the molds, the radii
r1, r2, r3, r3 are all equal to a single value r.
[0176] The height E of each protrusion 24 is illustrated
in figure 14.
[0177] Each protrusion, as described above, will fea-
ture edges, at least those connecting the protrusion 24 to
the respective face 22,23, chamfered, for example, by
means of an inclined wall at an angle γ (see figure 14) as
desired, for example, substantially equal to 45° (±15°) or
30° (± 15°).

[0178] In practice, the entire lateral flank (inner or out-
er) of each protrusion is inclined with respect to the plane
of face 22,23 by such an angle γ.
[0179] Particularly, the protrusions 24 on any face
22,23 are perfectly axially aligned with the grooves 25
on the opposite face 23,22.
[0180] For example, the protrusions 24 on each face
22,23 are constructed in the same way (as described
above), but such that the protrusions 24 on one face
22,23 are angularly offset with respect to the protrusions
on the opposite face 23,22, for example, precisely by the
aforementioned angle β.
[0181] In thisway, the protrusions24onone face22,23
align exactly with the grooves 25 (between the protru-
sions 24) on the opposite face 23,22.
[0182] The arrangement of materials in the mold could
also be reversed, in which case the metal washer would
be inserted into the mold last.
[0183] In any case, the pressure applied to themixture
at this stage is between 10 Kgf/cm2 and 1000 Kgf/cm2,
preferably between 200 Kgf/cm2 and 500 Kgf/cm2.
[0184] In practice, the forming method involves press-
ing (block M6) the assembly of the various abrasive
mixture layers and/or reinforcing mesh(es) that have
been previously placed in the forming cavity to obtain
the abrasive wheel 10 (raw semi-finished) in the desired
shape (flat or depressed center).
[0185] Pressing occurs by the mutual approach of the
lower wall 52 of the punch and the bottom wall 51 of the
matrix (within the cylindrical jacket).
[0186] At the end of the pressing phase, the annular
body 20 formed by the mold 50 is removed (block M7).
[0187] The forming method then provides for subject-
ing the thus-formed abrasive wheel 10 to a thermal
treatment (block M7) of hardening/polymerization (cook-
ing phase), for example, in special polymerization ovens,
where the polymerization of the binding resin is com-
pleted, which stably solidifies, hardens, and retains the
abrasivemixture that constitutes theabrasivewheel itself
(or the disc-shaped body that constitutes it); during the
thermal treatment, the wheel is preferably (but not ne-
cessarily) interposed between two polymerization sup-
ports in the shape of a disk generally made of metal to
preserve its flat shape. If the wheel has a depressed
center, the polymerization supports will have a de-
pressed center shape that mirrors that of the wheel.
[0188] In practice, the abrasive wheel 10 is subjected
to a thermal cycle that involves inserting it into an oven at
a temperaturesubstantially between70°Cand220°C for
a time substantially between1minute and100hours, or it
can be baked in situ in the samemold, if it is heated/hea-
table.
[0189] The invention thus conceived is susceptible to
numerous modifications and variations all falling within
the scope of the inventive concept.
[0190] Additionally, all details are replaceable with
technically equivalent elements.
[0191] In practice, the materials used, as well as the
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contingent shapes and sizes, can beany according to the
needs without departing from the scope of protection of
the following claims.

NUMERICAL REFERENCES

[0192]

Abrasive wheel 10
Annular body 20

Central axis A
Fastening hole 21
Faces 22,23
Rear face 22
Front face 23
Protrusion(s) 24
Groove(s) 25

Forming mold 50

Wall(s) 51,52
Bottom wall 51
Lower wall 52
Cavity/ies 54
Reliefs 55

Claims

1. An abrasive wheel comprising a disc-shaped body
obtained by pressing a mixture of abrasive material
grainsmixedwith a cured and/or polymerized binder
and at least one annular reinforcing mesh at least
partially embedded in the mixture, wherein the disc-
shaped body has a central axis and is provided with
two opposing faces, each face comprising a plurality
of protrusions in relief integrally formedwith the disc-
shaped body and having a predominantly radial
development, wherein the protrusions of each face
are spaced apart by grooves configured to receive
and expel cutting residues from the face of the abra-
sive wheel responsive to the centrifugal force cre-
ated by the rotation of the abrasive wheel during a
cutting operation, wherein each protrusion on one
face is shaped to be entirely contained within the
perimeter of a respective groove on the opposite
face, wherein the protrusions on one face are per-
fectly axially alignedwith thegrooveson theopposite
face, and wherein each protrusion comprises lateral
flanks with a curvilinear longitudinal development,
preferably following a respective monotonic convex
curve.

2. The abrasive wheel according to the preceding
claim, wherein the protrusions on one face have a
shape equal to the shape of the grooves on the
opposite face.

3. The abrasive wheel according to the preceding
claim, wherein the protrusions on one face have a
shape equal to the shape of the grooves on the same
face.

4. Theabrasivewheel according to claim1,wherein the
curvilinear longitudinal development of each lateral
flank of any protrusion is defined by the curve ac-
cording to which the tangent at any point of the curve
is inclined at an angle less than 90°, preferably less
than 70°, more preferably equal to 45°, with respect
to the tangent of any concentric circle with the abra-
sive wheel passing through said point.

5. The abrasive wheel according to the preceding
claim, wherein the protrusions on one face have
the same orientation and/or inclination.

6. The abrasive wheel according to claim 1, wherein
said protrusions extend from a proximal end to the
central axis of the abrasivewheel to a distal end from
thecentral axis andproximal to the outer periphery of
said abrasive wheel, wherein preferably the distal
end is positioned more internally with respect to the
outer periphery of the abrasive wheel and, more
preferably, has a border parallel to the outer periph-
ery of the abrasive wheel and separated from it.

7. The abrasive wheel according to claim 1, wherein
each protrusion on each face has a cross-section of
variable width and/or shape, preferably with increas-
ingwidth fromaproximal end to thecentral axis of the
abrasive wheel towards a distal end from the central
axis.

8. The abrasive wheel according to claim 1, wherein
each protrusion emerges from the respective face of
the abrasivewheel to a height between 0.01mmand
1.00 mm, preferably between 0.08 mm and 0.2 mm.

9. The abrasive wheel according to claim 1, wherein
eachprotrusionhasedges, at least thoseconnecting
the protrusion to the respective face, chamfered
and/or rounded.

10. A forming mold for an abrasive wheel comprising a
corresponding annular forming cavity and a forming
punch, wherein at least one of the annular cavity and
the forming punch is provided with a respective
annular forming wall, in which a plurality of cavities
are recessed to allow the formation of protrusions on
each face of the abrasivewheel during pressing, and
the cavities have a predominantly radial develop-
ment, wherein the cavities of each wall are spaced
apart by reliefs configured to define respective
grooves on the respective face of the abrasive
wheel, wherein each cavity of the forming punchwall
has a shape capable of being entirely contained
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within the perimeter of a respective relief of the
opposing wall of the annular cavity, wherein the
cavitiesof the formingpunchwall areperfectly axially
aligned with the reliefs of the opposing wall of the
forming cavity, and wherein each cavity comprises
lateral flanks with a curvilinear longitudinal develop-
ment, preferably according to a respective mono-
tonic convex curve.

11. Themold according to the preceding claim, compris-
ingmeans todefineand/ormaintainapredetermined
circumferential orientation of the forming punch wall
with respect to the forming cavity wall.

12. Themold according to claim 10, wherein the cavities
on one wall have a shape equal to the shape of the
recesses on the opposing wall and/or the cavities on
one wall have a shape equal to the shape of the
recesses on the same wall.

13. The mold according to claim 10, wherein the curvi-
linear longitudinal development of each lateral flank
of any cavity is defined by the curve according to
which the tangent at any point of the curve is inclined
at an angle less than 90°, preferably less than 70°,
more preferably equal to 45°, with respect to the
tangentof anyconcentric circlewith thewall onwhich
the cavity is made passing through said point.

14. The mold according to the preceding claim, wherein
the cavities have the same orientation and/or incli-
nation.

15. Themold according to claim 10, wherein each cavity
on each wall has a cross-section of variable width
and/or shape,preferablywith increasingwidth froma
proximal end to a central axis of the respective wall
towards a distal end from the central axis.

16. Themold according to claim 10, wherein each cavity
has a depth between 0.01 mm and 1.00 mm, pre-
ferably between0.15mmand0.20mmrelative to the
remaining part of the wall, preferably planar and
orthogonal to a central axis of the wall, which defines
the reliefs between the cavities.

17. Themold according to claim 10, wherein the cavities
have chamferedand/or roundededgesat least at the
edges connecting the cavities to the wall on which
the cavities themselves are recessed.

18. A forming method by pressing an abrasive wheel
comprising the following steps:

• preparing amixture of abrasivematerial grains
and binder;
• preparing at least one annular reinforcing
mesh;

• introducing the mixture and at least one annu-
lar reinforcing mesh into an annular cavity of a
forming mold according to any of the preceding
claims;
• applying pressure to the mixture to obtain an
annular body with a plurality of protrusions in
relief on both faces and each having a predo-
minantly radial development, wherein the pro-
trusions on each face are spaced apart by
grooves, wherein each protrusion on one face
has a shape capable of being entirely contained
within the perimeter of a respective groove on
the opposite face, wherein the protrusions on
one face are perfectly axially aligned with the
grooves on the opposite face, andwherein each
protrusion comprises lateral flanks with a curvi-
linear longitudinal development, preferably fol-
lowing a respective monotonic convex curve.

19. The method according to the preceding claim, com-
prising baking the annular body formed by the mold
to harden and/or polymerize the binder and to obtain
an abrasive wheel.
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