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(57) Abstract: A disc for a disc brake, which has usually good
cooling efficiency together with good resistance to wear ant to
thermal/mechanical stresses, comprises a braking band (12), for
example, a ventilated braking band, provided with a plurality of
radial teeth (26) formed along an inner portion and alternating
with respective recesses (28). A bell (14) has a plurality of ra-
dial teeth (34) formed along an outer portion and alternating
with respective recesses (36). The braking band (12) and the
bell (14) define a rotation axis (15) and are connected to one
another by a form fit between the teeth (26, 34) of one and the
respective recesses (28, 36) of the other. A recess (36) of the
bell (14) is defined at least partially by a wall (38) suitable for
driving the braking band and has a length (L) greater than the
thickness (S) of the teeth of the bell, the length (L) and the thick-
ness (S) being measured in a direction parallel to the rotation
axis (15).
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"Bell for braking disc and disc for a disc brake"

DESCRIPTION

In general, the present invention relates to a disc-
brake disc which combines particular lightness and
structural simplicity with good resistance to wear and
to thermal/mechanical stregsses. A further aspect of the

present invention relates to a disc-brake bell suitable

for connection to a braking band.

A particular embodiment of the present invention relates
to a bell suitable for association with a ventilated
braking band &and to a disc-brake disc comprising a
ventilated braking band in order to achieve good cooling
efficiency combined with good resistance to wear and to
thermal /mechanical stresses.

In particular, the present invention relates to a disc
comprising a bell having a rotation axis. and a braking

band associated with the bell. The band and the bell

- are produced as separate parts and are connected to one

another by axial and tangential restraints.

It is known that braking devices commonly in use in
motor vehicles comprise a metal disc which is fixed to
the wheel hub and astride which a brake caliper acts,
the caliper being fixed to the stub axle or to the hub-
carrier of the wvehicle and having pads provided with

friction linings.
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In pa?ticular, the disc comprises a braking band
provided with at least one braking surface, and a bell
fixed to the wheel hub.

The calipers, which are operated hydraulically by
cylinder/piston units, press the pads against the
braking surface of the braking band. The braking action
is thus produced by friction between the pads and the
braking surface of the braking band of the disc brake.
The friction of the pads.against the braking band of the
disc leads to dissipation of the kinetic enérgy of the‘
masses to be braked as heat, which results in a rise in
the temperature of the disc, this rise being
particularly great in the region of the braking surface.
For this reason, the braking band must have good cooling
efficiency and must be particularly resistant both to
the wear brought.abouE by the abrasive action of the
pads, and to heat.

These wear-resistance characteristics are not, however,
required of the bell, for which it is advantageous to
use a material which enables a complex geometriéal shape
with good mechanical characteristics to be produced.

For the above-mentioned reasons, it is known,

.particularly in high-performance braking devices, to

form the disc in two parts; the braking band is made of

material with is resistant to heat and to wear and the
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bell of material which has the above-mentioned
mechanical characteristics.

The materials commonly used for the production of the
braking band are composite ceramic materials such as,
for example, carbon/silicon carbide/silicon (C/Sic/si)
or those with a metal matrix (MMC) which are
distinguished‘by good wear resistance, a high degree of
hardness and, at the same time, brittleness, a low
coefficient of thermal expansion, and low specific
weight.

In contrast, the materials commoﬁly used for the bell
are metallic materials such as steel, anodized aluminium
alloys, etc.

To take account of the different thermal expansions of
fhe materials and of the brittleness of the braking
band, the coupling between the bell and the braking band
is often achieved by means of a joint which has
tangential and axial restraints but is free of any
radial restraint so as to permit the different radial
expansions of the two parts due to heat and to prevent
cracks or splits arising in the composite material of
the brakiné band.

In particular, the tangential restraint of the above-
mentioned coupling, awhich is essential for the

transmission of the braking torque, is achieved by means
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of a toothed coupling between radial teeth provided
around the outer surface of the bell and corresponding
radial teeth provided around the inner surface of the
braking band.

A tangential restraint achieved by a toothed coupling
between the teeth of the bell4and those of the band is
described, for example, in WO 02/01088.

Known couplings between the bell and the band which are
suitable for restraining them tangentially and axially
are often intrinsically complex and also involve
structural and manufacturing compiexity, particularly of
the bell. Thewcoﬁpléxity of the bell étructure leads to
a congiderable weight of the bell and clearly
constitutes a considerable disadvantage of bells and
discs of the prior art.

In addition to the above-mentioned disadvantage
connegted with the heavy weight of the structure, there
is the problém of cooling efficiency which, in the case

of a solid braking band, is quite low and not optimal.

As well as what has been mentioned above, there is

therefore a particular need to improve the cooling
efficiency of a disc produced by the assembly of a bell
and a band which are produced separately and of two
different materials, as dgscribed above.

In disc-brake discs formed by a one-part bell and

PCT/IT02/00257
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braking band, the problem of optimal cooling efficiency

is solved by the use of a so-called ventilated braking

band.

Unfortunately, the use of a configuration of this type
for the braking band of a two-part disc is rendered
ineffective by the known couplings between the band and
the bell which, by their very nature, affect
particularly the region in which the air enters the
ventilation ducts of the band.

The technical problem underlying the present invention
is therefore that of providing a disc and a bell having
structural and functional characteristics such as to
satisfy the above-mentioned need and to overcome the
disadvantages mentioned above with reference to the
discs of the prior art.

This problem is solved by a bell according to Claim 1
and by a disc-brake disc according to Claim 16.

Further characteristics and advantages of the bell and
of the disc according to the present invention will
become clearer £rom fhe following description of some
preferred embodiments, provided by way of non-limiting
example, with reference to the appended drawings, in
which:

Figure 1 1is a perspective view of a disc-brake disc

which has characteristics according to the present
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invention,

Figure 2 shows an enlarged portion of Figure 1, with
parts separated,

Figure 3 shows the portion of Figure 2 indicated by the
arrow IITI,

Figure 4 is a partially-sectioned plan view, taken on
the arrow IV, of the disc of Figure 1,

Figure 5 is a partial view of the disc according to the
invention, sectioned on the line V-V of Figure 4,

Figure 6 is a partial view of the disc, sectioned on the
line VI-VI of Figure 4,

Figure 7 1is a perspective view of a possible further
embodiment, with parts separated, and

Figure 8 is a perspective view of a further possible
embodiment of the disc;brake disc according to the
present invention.

With reference to the drawings, a disc-brake disc,
generally indicated 10, comprises a braking band 12 and
a bell 14, formed as separate parts. The disc shown in
the drawings "has a rotation axis i5,' generally
coinciding with the rotation axis of the wheel of the

vehicle on which the disc is to be mounted.

. According to one possible embodiment, the material used

for the production of the bell is selected from metallic

materials having good mechanical characteristics such
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as, for example, steel, hard anodized aluminium alloys,
sintered steel, or cast iron.
In contrast, the materials used for the production of
the braking band are composite materials such as
carbon/silicon carbide/silicon (C/SiC/Si) or those with
a‘metal matrix (MMC) such as, for example, aluminium
alloys reinforced with ceramic particles such as silicon
carbide, alumina, titanium boride, etc.
The braking band 12 has the same rotation axis as the
disc and comprises braking surfaces 12a for interacting
with the pads of a bréke caliper, not shown, in order to
exert the braking force on the vehicle.
The braking band 12 is, for example, a ventilated band
comprising | two plates, indicated 16 and 18,
n respectively. The plates constitute two parallel walls
facing one another a certain distance apart, defining a
space 20. In the embodiments shown in Figures 1-7, the
plate disposed on the same side as the bell 14 is
iﬁdicated 16 and the plate.on the side remote from the
bell 14 (when the disc is assembled) is indicated 18.
The two plates 16 and 18 are connected to one another by
fins'22a and 22b which extend between the two plates and
define ventilation ducts 24 through the space 20.
The £fins may be' formed in accordance with wvarious

configurations. In the embodiment shown by way of
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example in Figure 4, the fins 22a and 22b and the
corresponding ventilation ducts 24 are arranged in a
radial direction relative to the rotation axis 15.

The braking band 12 has an inner set of teeth, that is,
it has a plurality of radial teeth 26 formed around a
inner circumferential portion of the braking band, and
preferably spaced apart uniformly. The teeth alternéte
with a corresponding number ‘of recesses 28 and
preferably extend substantially through the entire
thickness of the braking band.

According to one possible embodiment, the teeth 26 of

the braking band 12 are constituted by extensions of

~some of the fins defining the wventilation ducts 24

inside the braking band. For clarity of explanation, in
the embodiment shown - in the ,dréwings, the fins which
extend to form the teeth 26 are indicated 22b, whereas
the rest of the fins are indicated 22a.

According to one possible embodiment shown, for example,
in Figure 4, the teeth 26 may be constituted by
extensions of one fin in every three, thus achieving a
configuration in which two coﬁsecutive teeth define a
portion of band corresponding to three wventilation
ducts, although the arrangement may be different.
According to a possible further embodiment, each of the

fins 22b which are extended to form the teeth 26 of the



10.

15

20

25

WO 03/089802 PCT/IT02/00257

9

braking band has a tangential enlargement 30 formed in
the vicinity of the actual tooth 26. One possible
embodiment is shown in the drawings, in which both the
tangential dimensions of the teeth and those of the
respective fins 22b - are smaller than those of the
tangential enlargement 30.

The connection between the tangential enlargement and
the respective fin 1s preferably formed gradually, by
gradual widening of the ventilation duct in a direction
32 away from the centre, and corresponding to the
direction of the air-flow through the ducts 24 during
the rotation of the disc 10.

In the embodiment in which the tangential dimensions of
the teeth 26 are smaller than those of the respective
tangential enlargement 30, the connection between the
two is formed by means of a connecting surface 31 which
may be completely outside the ventilation duct, as
shown, for example, in. Figure 4, or which may also
extend inside the duct.

According to one possible embodiment, thel teeth 26

comprise sides which have at least one flat portion 26a,

 preferably the end portion of the tooth in the region of

the head of the tooth. The expression "sides of a tooth
26" is intended to define the surfaces of the tooth

substantially transverse the two plates 16 and 18 and
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arranged approximately in a radial direction relative to
the braking band. The flat portion 26a is preferably a
continuous axial extension of the connecting surface 31.

According to a further possible embodiment, each tooth
26 comprises a flat head 26b, the expression "head of a
tooth 26" being intended to define a surface transverse
Athe two plates 16 and 18 and arranged in an
approximately tangential direction relative to the
braking band.

Tn addition to the sides and to the head, a tooth 26 is
defined by substantially flat faces 26c parallel to the
plates 16 and 18. According to one possible embodiment
shown, for example, in Figure 5, the thickness of the
teeth 26, measured in a direction paréllel to the
rotation axis 15, is slightly less than the thickness of
the braking band. The faces 26c of the teeth in fact
adjoin the braking surfaces of the two plates of the
band. |

According to a possible further embodiment, the
ventilation ducts 24 have inlet sections 24a having
dimensions which are substantially equal from one duct
to another. The expression "inlet section 24a of a
ventilation duct" is intended to define the cross-
section for the air-flow in an area substantially

perpendicular to the air-flow and facing the interior of



10

15

20

25

WO 03/089802 PCT/IT02/00257

11

the braking band, that is, towards the rotation axis 15.
According to one possible embodiment shown, for éxamplek
in Figure 4, the inlet section 24a of each ventilation
duct which is defined by a fin 22b that is extended into
a tooth is slightly curved, following the shape of the
connecting4surface 31.

Analogously, the ventilation ducts 24 may have outlet
sections 24b having dimensions which are variable £rom
one duct to another. The expressionv"outlet section 24b
of a ventilation duct" is intended to define the cross-
section for the air-flow air in an area substantially
perpendicular to the air-flow and facing outwardly
relative to the braking band.

In particular, the dimensions of the outlet sections 24b
of the ventilation ducts which are defined on one side
by a fin 22b which is extended to form a tooth 26 are
equal to one another and larger than those of the outlet
sections 24b of the ventilation ducts defined by fins
22a which are not extended to form teeth 26. A possible
configuration is therefore that shown in Figures 1-4 in
which two ﬁentilation ducts 24 with larger outlet
sections alternate with one ventilation duct 24 with a
smaller outlet section. |

In the view of Figure 4, the plate 16 has been partially

sectioned to show an example of the configuration of the
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ventilation ducts according to one possible embodiment
of the Dbraking band. on account of the radial
arrangement of the fins, the ducts defined by two
consecutive fins 22a have a cross-section for the air-
flow which increases in the direction of the air-flow
between the two plates. With regard to the ventilation
ducts defined between a fin 22a and a fin 22b, the
cross-section for the air-flow increases in the
direction of the‘air—flow both on account of the radial
arrangement of the fins and on account of the connection
between the tangential enlargement 30 and the fin 22b.
According lto one possible embodiment, the internal
profile of each recess 28 of the braking band 12 is a
portion of a circle having its centre at a point on the
rotation axis 15, that is, a circle concentric with the
braking band,‘ or a portion of an ellipse having its
concave side facing the rotation axis.

According to one possible embodiment such as, for
example, that shown in Figure 4, the braking band 12 may |
comprise holes 33 extendihg through the thickness of
both plates 16 and 18 to improve the efficiency of the
cooling of the band. In the embodiment shown, the holes
preferably have circular cross-sections and are
distributed ovér the entire braking surface of the

braking band.

PCT/IT02/00257



WO 03/089802 PCT/IT02/00257

13

»The bell 14 has the same rotation axis as the assembled
disc and as the braking band and advantageously extends
in a configuration in which . cylindrical portions .
alternate with flat portions or ring portions coaxial
with the axis 15.

In particular, the bell 14 comprises a plate 14a
proyided with holes for connection to a vehicle wheel
hub. The axis of the plate 1l4a coincides with the
rotation axis 15 of the bell. The outer edge of the
plate 14a is substantially a circle from which a
cylindrical portion 14b exteﬁdé parallel to the axis 15.
The platé l4a and the cylindrical portion 14b are
connected continuously in the manner of a beaker with a
perforated base. The cylindrical portion 14b is
connected continuously to an annular portion 1l4c
substantially parallel to the plate 14a. The annular
portion 14c has, on an outer or peripheral portion
thereof, relétive to the rotation axis 15,'radia1 teeth
34 aiternating with a corresponding number of recesses
36, thus defining a portion for connection to the
braking band 12. The expression "outer or peripheral
portion" is intended to definé the portion of the bell
radially farthest from the rotation axis 15.

The radial teeth 34, and hence the respective recesses

36, are preferably spaced apart uniformly and equal in
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number to the number of radial teeth 26 and of
respective recesses 28 of the braking band 12. |

The dimension or, more particularly, the thickness of
the radial teeth 34, measured in a direction parallel to
the rotation axis 15, corresponds substantially to the
thickness of the material of the bell and, in
particullar, of the annular portion 14c which is
connected to the braking band 12. This' dimension .or
thickness is indicated § in Figure 6.

A wall, indicated 38, which is preferably continuous and
substantially "U"-shaped, projects from the bell, and in
particular, projects in a cantilevered manner from the
annular portion 14c, in a direction parallel to the

rotation axis 15. As shown in the drawings, the bell

preferably has a number of walls 38 equal to the number

of recesses 36, the walls 38 being arranged in a manner

such as to extend the recesses, as described below.

Each wall 38 projects from the free edge of the
respective recess so that the recess is similar to a
channel extending axially relative to the disc, without
steps or catches. |

In the embodiments shown, each of the recesges 36 is
thus defined by the thickness of the bell and by the
wall 38, which projects from the bell.

The length of a recess 36, measured in a direction
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substantially parallel to the rotation axis 15, is
indicated L. As can also be seen from a comparison
between Figures 5 and 6, the length L of a recess 36 of
the bell is greater than the thickness S of the teeth of
the bell, by virtue of the presence of the wall 38 which
defines the recess.

The thickness S of the teeth of the bell is preferably
comparable to the thickness S' of the plate 16 which is
on the bell side, whereas the length L of the wall
defining the recesses 36 is comparable to the total,
thickness s of the braking band and of the teeth 26.
According to one possible embodiment, each wall 38 at
least partially defining a recess 36 of the bell
projects in a cantilevered manner relative to a plane 40
containing a front face of each tooth 34 of the bell.
This plane 40 is shown, for example, in Figure 5 or
Figure 6 and, in the assembled disc, is preferably
arranged as an extension of the inner plane of a plate
of the ventilated band.” This is shown, fér example, in
Figure 6 in which the inner surface of the plate 16 on
the bell side is indicated'isa. In fact it can be seen
that, when the disc is assembled, the surface 16a of the
plate 16 and the plane 40 of the bell constitute
theoretical extensions of one another.

According to one possible embodiment, the wall 38
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projects from the plane 40 in a cantilevered manner
along an axis parallel to the rotation axis 15,
preferably in only one direction. A possible embodiment
is shown in Figure 5 in which the wall 38 projécts from -
the plane 40 in a cantilevered manner, away from the

annular portion 1l4c and from the plate 1l4a of the bell.

‘'The shape and dimensions of the wall 38 and of the

recess 36 defined thereby are preferably such as to
house a tooth 26 of the braking band so that the band
and the bell are assembled by a fofm fit between the
teeth of one and the respective recesses of the other,
ensuring rotational drivé. In fact each wall 38 is
suitable for driving the braking band during rotation,
and extends the corresponding recess 36.

According to one possible embodiment, the wall 38
defining a recess 36 may comprise flat portions 38a
suitable for interacting with the sides of a tooth 26 of
the band. The remaining portion of the wall 38 may be
connected with a curved shape or- even with flat
portions. The wall 38 is thus suitable for driving the
braking band 12 during rotation.

According to one possible embodiment, the wall 38
defining a recess 36 of the bell has a radial extent
less than that of the adjacent teeth 34, thus leaving an

outer portion of the teeth free.
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The external profile of each tooth 34 of the bell is
constituted by a portion of a circle having as its
centre a point on the rotation axis 15, that is, a
circle concentric with the disc, or by a portion of an
ellipse having its concave side facing the rotation
axis, that is, of complementary shape to the teeth of
the band, suitably spaced therefrom.

In relation to the characteristics of the band, each
tooth of the bell extends radially with an extent equal
to that between two consecutive teeth of the band which,
according to the embodiment of Figure 4, corresponds to
three ventilation ducts 24, although the arrangement may
be different.

As stated above, the coupling between the bell 14 and
the braking band 12 is formed, in the first place, by av
form fit between the teeth of one aﬁd the recesses of
the other. This coupling restrains the band on the bell
with regard to rotational movements about the axis 15.
In the coupling between the band and the bell, each wall
38 of the bell extends around the respective tooth 26 of
the band, substantially along the entire length of the
tooth in a direction parallél to the rotation axis 15,
at the sides and at the head of the tooth. The walls 38
can thus drive the band during rotation by interacting

with the respective teeth of the band. Each wall 38 of

PCT/IT02/00257
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the bell interacts with a single tooth of the band.

The length L of each recess 1is comparable to the
thickness s of the teeth 26 of the braking band, this
length and this thickness being measured in a direction
substantially parallel to the rotation axis 15.

Figures 5 and 6 show an embodiment of the coupling
between the bell and the band. Figure 5 corresponds to
a section through the disc, taken in a median radial
plane with respect to a tooth 26 of the band 12 and to a
recess 36 of the bell 14. It can thus be seen from this
drawing that the length L of a recess and the thickness
s of the tooth 26 of the band are comparable to one
another. Figure 6 corresponds to a section through the
disc, taken in a median radial plane with respect to a
recess 28 of the band 12 and a tooth 34 of the bell»14.
As can be seen from this draWing, the thickness S8 of the
tooth of the bell is preferably substantially equal to
the thickness S' of the plate 16 which is on the 'same
gside as the bell 14 and less than the length L of the

wall 38. Moreover, this drawing shows that, in the

coupling between the bell and the band, the plate 16 and

the teeth 34 of the bell constitute theoretical
extensions of one another, and the inlet sections 24a of
the ventilation ducts affected by the angular extent of

a tooth 34 of the bell remain completely free.
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According to one possible embodiment of the disc 10, the
tangential restraint between the band and the bell is
achieved by a toothed coupling with clearance between
the teeth 34 of the bell 14 and the teeth 26 of the band
12. In this case, an insert element 42 capable of
plastic or elaétic deformation is advantageously
provided between the wall 38 defining a recess 36 of the
bell and the respective tooth 26 of the braking band to’
ensure a substantially uniform distribution of the loads
transmitted by a braking operétion. |

The expression "material capable of plastic or elastic
deformation" is intended to define a material which,

when subject to a load such as, for example, the braking
force acting on the band, undergoes elastoplastic - or
elastic deformation.

Each insert element 42 is constituted by a plate-shaped
element bent substantially to a "U"-shape as showﬁ, for
example, in Figufe 4, or to a "W'-ghape, as shown in
Figure 7.

Each wall 38, and consequently also each recess 36 of
the bell, and possibly the respective insert element 42,

is shaped in a manner such as to define a seat 44 for
housing axial restraining means 46 operating between the
bell and the braking band. In particular, the seat for

housing the axial restraining means 46 is provided by
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virtue of the presence of a continuous wall 38 which
extends around a tooth of the band at the sides and at
the head. The wall 38 thus performs both the task of
bringing about rotation of the band with the bell, and
that of defining a seat for housing the axial
restraining means.

If the insert element 42 and the wall 38 are
substantially "U"-shaped, the seat 44 is defined between
the wall 38/insert element 42 and the respective tooth
26 of the ventilated braking band.

If the wall 38 is substantially "U"-shaped and the
insert element 42 is substantially "W"-shaped, the seat
44 ig defined between the wall 38 and the insert element
42/tooth 26 of the braking band.

As shown, for example, in Figure 2, the axial
restraining means 46 comprise a plurality of pins 48
each housed in one of the housing seats 44.

Each pin 48 has a head 50 for abutting, preferabiy, the
free end of the wall 38 which corresponds‘to fhe end
farthest from the plate l4a for fixing to the vehicle
wheel hub, that is, on the side remqte from the bell.

At the opposite end to*the head 50, the pin 48 comprises
a notch 52 for housing a retaining ring 54. According
to one possible embodiment, resilient means 56 are

provided, acting in a direction substantially parallel
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to the rotation axis 15 and operating to restrain the
band axially relative to the bell. These resilient
means 56 may, for example, be constituted by opposed
crinkle washers or Belleville washers 58 fitted between
two washers 60 and restrained between the bell/band and
the retaining ring 54.

The method’ of assembling a disc as described above is
given below.

Figure 2 shows an example of the assembly stage in which
the bell is mounted on the band by coupling of the
respective teeth/recesses. The pins 48 are inserted in
the seats 44 from the side on which the plate 18 is
disposed, in a direction substantially parallel to the
rotation axis 15. The head 50 abuts the free surface of
the wall 38 and the face 26c of the tooth 26 on the side
remote from the bell.

A washer 60, two Belleville washers 58 arranged with
their ‘concave sides facing in opposite directions, a
washer 60, and the retaining ring 54 are fitted in.
sequenc‘e, the retaining ring 54 being locked in the
notch 52. The unit thus assembled is shown in the
section of Figure 5.

When the disc is in operation, as described above, the
toothed coupling ensures tangential restraint between

the band and the bell, whilst the pins 48, which are
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advantageously housed between the wall 38 and the
respective tooth, ensure axial restraint between these
two. Tangential restraint is ensured by the interaction
between the teeth of the band and the respective
recesses of the bell which advantageously come' into
contact-substantiaily along the entire depth L of the

recess (or thickness s of the tooth of the band).

When the tangential restraint is achieved with the

interposition of insert elements 42, the elastoplastic
or elastic deformation of these elements constitutes a
compliance of the connection between the teeth of the
bell and of the braking band which enables all of the

teeth to be brought into a working condition in which

-the load is distributed uniformly.

In particular, if the material undergoes elastoplastic
deformation, when the load is applied to the braking
band for the first time, an at least pa;tial‘permanent
deformation of the insert elements 42 is brought about
and takes wup the manufacturing tolerances of the
coupling between the teeth of the bell and those of the
band. Subsequent loads applied to the disc will
therefore be transmitted to all of the teeth
substantially uniformly. |

If the material undergoes elastic deformation, it is

appropriate to distinguish between two situations of use
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of the insert elements.

If the insert elements are arranged between the teeth of
the bell and of the braking band without preloading,
upon the application of the load, in a first stage, the
clearance present between the teeth will be taken up and
the band will rotate relative to the bell without
transmitting the load. When the smallest of the
clearances present between the teeth and a portion of an
insert 'element presentAtherein has been taken up, the
insert element will come to bear on the tooth of the
bell and will start to deférm*resiliently under load.

As the relative rotation between the band and the bell
céntinues, a portion of a second insert element will
come to bear in turn on the respective second tooth of
the bell, and so on until all of the teeth have come to
bear in order to work simultaneously until the total
load is reached. Between the first tooth and the last
tooth to come to‘beaf,vthere will be a load difference
which will correspond to the resilient reaction of the
insert element which was the first to come to bear, and
will be equal to the product of the elastic constant of
the insert element and the Jlargest tolerance (or
difference betweén the largest clearance provided

between the teeth of the bell and of the band and the
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smallest of these clearances, that is, the difference
due to the manufacturing tolerances). This load
difference will be smaller, the smaller' is the ratio
between the difference in the dimensions of the teeth
and the deformation which the insert undergoes (from the
moment at which all of the teeth are bearing) in order
to reach the total load.

Alternatively, the insert elements are arranged between
the teeth of the bell and of the band with preloading,
for example, because the insert elements are fitted
between the teeth of the bell and of the band with a
predetermined interference (or force fit) which brings
about preloading thereof. In this case, the differences
in load between the various teeth will be given by the
differences in the preloading of the various inserts due
to the manufactﬁring tolerances of‘the distances between
the facing teeth. The largest of these preloading‘
differences will correséond to the maximum load
difference present between the teeth at the same moment.
Precisely because a preloading is provided, in this
situation, there is no clearance to take up between the
facing teeth and, when the load due to the braking
action is applied, all of the insert elements deform
simultaneously to the same extent, all increasing the

load to the same extent.
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In other words, the tooth which had the greatest
preloading will be that which is most loaded, burely by
a value equal to the greater extent of its preloading.
This difference in '‘preloading which, in comparison with
the overall load; will be equal to only a small fraction
thereof,A will be the sole non-uniformity in the
distribution of the load on the teeth of the bell and of
the braking band.

It will be appreciated £from the £foregoing that the
provision of a bell which can be connected to a braking
band in accordance with the preseﬁt invention enables
the advantages of having the band and the bell in two
separate parts also to be combined with that of a very
light structure, in which solely those walls which are
necessary £for the tangenﬁial and axial interaction
between the bell and the band are extended.

The advantageous configuration of the bell, in which
flat or ring portions alternate with cylindrical
portions, with reference to the rotation axis 15, limits
the masses required to the minimum and considerably
simplifies the‘structure. Moreover, the provigion of
walls which project from the bell limits the dimensions
and masses purely to the structures which can ensure
uniform contact distributed over a wall, between band

and bell.
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In particular, by virtue of the presence of a ventilated
band, according to the present invention, it is possible
to combine the advantages of having the band and the
bell in two separate parts with that of optimal cooling
efficiency, without interference with the air-flow by
the tangential and axial restraints between the band and
the bell.

In fact, by virtue of the fact that the bell comprises a
plurality of raaial teeth alternating with respective
recesses in which each of the recesses is defined by at
least one wall and has a length greater than the
thickness of the teeth, it is possible to use a
ventilated braking band without Ehe bell obstructing the
ventilation ducts.

Moreover, two adjacent walls 38 and the respective plane
40 substantially define an air-inlet duct Which favours
the channelling of the air into the ventilation ducts of
the band which are affected by the angular extent of a
tooth of the bell.

In addition to the foregoing, the tangential restraint
between the bell and the band makes maximum use of the

thickness S of the teeth of the bell, rendering it

substantially equal to the thickness S' of the

respective plate which, in the embodiments illustrated,

is the plate 16 on the bell side. The configuration as
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described above also permits the formation of a
substantially continuous ventilation duct between the
bell and the band, without steps, by virtue of the fact
that the plane 40 and the inner surface of the
respective plate (that is, the plate 16 on the bell
side) form extensions of one another when the disc is
assembled.

The above-mentioned configuration of the bell not only
eliminates obstructions to the air-flow, but also
directs the air-flow, optimizing the quantity of air
passing through the ventilation ducts and avoiding
tortuous paths thereof. As a result, the advantageous
coupling between the bell according to the present
invention and a ventilated band produces the effect of
an extension of the ventilation ducts towards the
interior'of the bell, utilizing the channelling offered
by two adjacent walls 38 and keeping the path of the air
substantially perpendicular to the axis 15..

As a result, the bell and the disc according to the
present invention satisfy the above-mentioned need to
limit the weight and the complexity of the structure and.
optionally to 'optimize cooling efficiency, whilst
maintaining good = resistance to wear and to
thermal /mechanical stresses which 1s ensured by the

presence of a band and a bell made of different
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materials and connectea without radial restraints.

The foregoing is achieved without the need for any
structural, manufacturing, or functional complications,
by taking advantage of the versatility of the bell and,
in particular, of its material, to produce a shape as
described above. The bell can in fact be made by
precision casting, for example, of stainless steel or of
pressed or sintered steel, or of pressed or cast light
alloys.

The presence of a wall 38 which extends the length of
the respective recess of the bell substantially to the
extent of the respective tooth of the band enables the
loads to be distributed ovér a fairly large surface,
keeping the contact pressures low. At the same time,
the presence of a continuous wall which extends around
the respective tooth of the band at the sides and at the
head enables the structure to be optimized, defining a
seat for the axial restraining means between the bell
and the band.

By virtue of the above-mentioned configuration, the
structure of the bell is considerably lightened whilst
ensuring optimal contact between the band and the bell
with regard to the tangential restraint between these
two. The above-mentionéd configuration also enables the

structure to be optimized whilst avoiding further
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machining and bringing together in the wall 38 both the
function of defining a recess of the bell and driving
the band during rotation, and that of housing the axial
restraining means between the band and the bell.
Naturally, variatiéns and/or additions may be provided
for the embodiment described and illustrated above.

For simplicity, the foregoing description has been given
with reference to a ventilated band, althoughAtﬁe bell
thus provided for solving the above-mentioned problem
may be coupled with a solid braking band, for example,
such as that shown in Figure 8.

Further possible variations may relate, for example, to
the ends of each wall 38 which project relative to the
teeth of the bell or to the plane 40, and which may be
chamfered, preferably towards the inside of the
respective recess, and may have a shape complementary to-
corresponding profiles of the tangential enlargement of
the fin of the braking band.

According to one possible embodiment, the wall 38
defining a recess 36 of the bell forms an extension of
'the tangential enlargemént 30 of the fin 22b of the
band, thus defining a substantially continuous wall for
the flow of the air along the ducts 24.

The possible embodiments described above as further,

preferred and/or optional, have been shown in the
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appended drawings as forming parts of a single
embodiment, but may actually be adopted individually
without thereby broadening the content of the present.
description.

5 As an alternative to the embodiment shown in the-
drawings, axial restraint may be achieved differently,
for example, by means of bolts housed in the seats 44.

In order to satisfy contingent and specific
requirements, a person skilled in the art may apply to

10 the above-described preferred embodiments of the disc

and of the bell many modifications, adaptations and
replacements of elements with other functionally
equivalent elements without, however, departing from the

scope of the appended claims.
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CLAIMS

1. A disc-brake bell (14), suitable for connection to a
braking band (12), the bell having a rotation axis (15)
" and comprising- a plurality of radial teeth (34) formed
5 along an outer or peripheral portion of the bell and
alterna’;ing with respective recesses (36) suitable for
housing radial teeth of the braking band, in which the
bell comprises a plate (l4a) provided with holes for
connection to a wheel hub of a vehicle, a cylindrical
10 portion (14b) which projects continuously from an outer
edge of the plate (14a) parallel to the rotation axis
(15), an annular portion (14c) which  projects
continuously from the cylindrical portion (14b) and
which has, in an outer or peripheral portion thereof,
15 the radial teeth (34) altermating with the recesses
(36), the bell further cpmprising at least one wall (38)
which projects from the annular portion (1l4c) in a
cantilevered manner and which is suitable for dri\.ring
the braking band, the wall (38) extending at least one
20 of the recesses (36) so that the at least one recess has
a length (L) greater than a thickness (8) of the rédial
teeth (34) of the bell, the length (L) and the thickness
(8) being measured in a direction substantially parallel

to the rotation axis (15).

25 2. A bell (14) according to Claim 1 in which the at
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least one wall (38) extends from the annular portion
(14c) in a cantilevered manner, in a direction parallel
to the rotation axis (15) of the bell.

3. A disc-brake bell (14) according to Claim 1 or Claim

5 2 in which the wall (38) projects from the free edge of
the respective recess and the recesses (36) are free of
axial catches which could restrain the braking band
unilaterally with respect to movements substantially
parallel to the axis (15).

10 4. A discfbrake bell (14) according to any one of the
preceding claims, guitable for connection to a
ventilated braking band (12).

5. A disc-brake bell (14) according to any one of the
preceding claims in which each recess (36) is defined at

15 1least by a continuoué, substantially "U"-shaped wall
(38).

6. A bell (14) according to Claimls in which the wall
(38) extends around the sides and the head of the
respectivé tooth of the braking band.

20 7. A bell (14) according to any one of the preceding
claims in which each wall (38) at least partially
defining a recess (36) extends in a cantilevered manner
relative to a plane (40) defining a front face of each
tooth (34).

25 8. A bell (14) according to Claim 7 in which the wall
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(38) extends in only one direction relative to the plane
(40) containing a front face of each tooth (34).

9. A bell (14) according to one or more of the preceding
claims in which the wall (38) defines a seat (44) for
housing axial restraining means (46) between the bell
and a braking band (12).

10. A bell (14) according to one or more of the
preceding claims in.wmich the wall (38) has a radial
extent less than that of the adjacent teeth (34), thus
leaving an outer portion of the teeth free.

11. A bell (14) according to one or more of the
preceding claims in which the ends of the defining wall
(38) which project from the teeth of the bell are
chamfered.

12. A bell (14) according to Claim 11 in which the ends
of the defihing wall (38) which project from the teeth
(34) of the bell are chamfered towards the inside of the
respective recess (36).

13. A bell (14) according to one or more of the
preceding claims in which the defining wall (38) of each
recess (36) is formed integrally with the bell.

i4. A béll (14) accoiding to ‘one or more of the
preceding claims -in which the external profile of each
tooth (34) of the bell is a portion of a ‘circle

concentric with the bell.
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15. A bell (14) according to one or more of Claims 1 to
13 in which the external profile of each tooth (34) of
the bell is a portion of an ellipse having its concave
side facing the rotation axis (15) of the bell.

16. A disc-brake disc (10) comprising:

a braking band (12) provided with a plurality of radial
teeth (26) formed along an -inner portion of the braking
band and alternating with respective recesses (28), and
a bell (14) provided with a plurality of radial teeth
(34) formed along an outer portion of the bell ahd
alternating with respective recesses (36) suigable for
housing the radial teeth (26) of the braking band (12),
the braking band (12) and the bell (14) having a
rotation axis (15) and being connected to one another at
least by a form fit between the teeth (26, 34) of one
and the respective recesses (28, 36) of the other,

in which the bell (14) comprises a plate (l4a) provided
with holes for connection ﬁo a wheel hub of a vehicle, a
cylindrical portion (14b) which projects continuously
from an outer edge of the plate (14a) parallel to ﬁhe
rotation axis (15), an annular portion (1l4c) which
projects continuously from the cylindrical portion (14b)
and which has, in. an outér or peripheral portion
thereof, the radial teeth (34) alternating with the

recesses (36), the bell further comprising at least one
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wall (38) which projects from the annular portion (14c)
in a cantilevered manner and which is suitable for
driving the braking band, the wall (38) extending at
least one of the recesses (36) so that the at least one
recess has a length (L) greater than a thickness (S) of
the radial teeth (34) of the bell, the length (L) and
the thickness (8) being measured in a direction
substantially };;arallel to the rotation axis (15).

17. A disc-brake disc (10) according to Claim 16 in
which the wall (38) of the bell (14) is shaped in a
manner such as to define, with the tooth (26) ;)f the
braking band (12), a seat (44) for housing axial
restraining means (46) acting between the bell (14) and
the ventilated band (12).

18. A disc-brake disc (10) according to Claim 16 in
which an insert element (42) capable of plastic or
elastic deformation is fitted in the recess (36) between
the wall (38) of the bell (14) and the respective tooth
(26) of the braking band (12) to ensure a substantial}y
uniform distribution of the loads transmitted by a
braking action.

19. A disc-brake disc (10) according to Claims 17 and 18
in which the wall (38) of the bell (14) and the insert
element (42) are shaped in a manner such as to define a

seat (44) for housing axial restraining means (46)
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acting between the bell (14) and the wventilated band
(12) .

20. A disc—brake disc (10) according to Claim 19 in
which the wall (38) of the bell (14) and the insert
element (42) are substantially "U"—shaped, defining,
with the tooth (26) of the brakiﬁg band (12), a seat
(44) for housinrg axial restraining means (46) operating
between the bell (14) and the ventilated band (12).

21. A disc-brake disc (10) according to Claim 19 in
which the wall (38) of the bell (14) is substantially
"U'-shaped and in which the insert element (42) is
substantially "W"-ghaped defining, with the wall (38) of
the respective recess (36) of the bell (14), a seat (44)
for housing axial restraining means (46) operating
between the bell (14) and the ventilated band (12).

22. A disc-brake disc (10) according to Claim 17 or
Claim 19 in which the axial restraining means (46)
comprise a plurality of pins (48) each of which. is
housed in one of the houéing seats (44).

23. A disc-brake disc (10) according to any one of
Claims 16 to 22 in which the wall (38)‘ of a recess (36)
of the bell (14) extends in a cantilevered manner
relative to a plane (40) defining a front face of each
tooth (34) of the bell, starting from a free edge of the

recess.
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24. A disc-brake disc (10) according to Claim 23 in
which the wall (38) of a recess (36) of the bell (14)
extends in a cantilevered manner along an axis parallel
to the rotation axis (15). |

25. A disc-brake disc (10) according to Claim 23 or
Claim 24 in which the wall (38) of a recess (36) of the
bell (14) extends in only one direction relative to the
plane (40) defining a front face of each tooth (34) of
the bell.

26. A disc-brake disc (10) according to any one of
Claims 23 to 25 in which the plane (40) defining a front
face of each tooth (34) of the bell is arranged as a
theoretical extension of an inner surface (16a) of a
plate (16) of a ventilated braking band (12).

27. A disc-brake disc (10) according to Claim 26 in
which the thickness (S) of the teeth (34) of the bell
(14) is substantially equal to the.thickness (8') of the
plate (16) disposed on the same.side as the bell (14),
the said thicknesses (S8, 8') being measured in a
direction substantially' parallel to the rotation axis
(15) .

28. A disc-brake disc (10) according to any one of
Claims 16 to 27 in which the recesses (36) of the bell
(14) have a length (L) greater than the thickness (s) of

the teeth (26) of the braking band (12), the length (L)



10

15

20

25

WO 03/089802

PCT/IT02/00257

38

and the thickness (s) being measured in a direction
substantially parallel to the rotation axis (15).

29. A disc-brake disc (10) according to any one of
Claimsg 16 to 28 in which resilient means (56) are
provided, interposed between the braking band‘(lz) and
the bell (14) and acting in a direction parallel to the
rotation axis (15).

30. A disc-brake disc (10) according to Claim 29. in
which the resilient means (56) comprise two Belleville
washérs or crinkle washers (58) fitted with their
concave sides opposed on a pin (48) defining means (46)
for restraining the braking band (12) axially relative
to the bell (14).

31. A disc-brake disc (10) according to any one of
Claims 16 to 30 in which the teeth (26) of the braking
band (12) are constituted by extensions of fins (22b)
defining wventilation ducts (24) inside the ventilated
braking band.

32. A disc-brake disc (10) according to Claim 31 in
which each fin (22b) which is extended to form a tooth
(26) of the braking band (12) has a tangential
enlargement (30) in the vicinity of the actual tooth.

33. A disc-brake disc (10) according to Claim 32 in
which the wall (38) of a recess (36) of the bell (14)

forms an extension of the tangential enlargement (30) in
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order to define a substantially continuous wall for the
flow of the air.

34. A disc-brake disc (10) according to Claim 33 in
which the ends of the wall (38) which project from the
teeth (34) of the bell (14) are chamfered and have a
shape complementary to the corresponding profiles of the
tangential enlargement (30) of the fin (22b)' of the
braking band (12).

35. A disc-brake disc klo) according to one or more of
Claims 16 to 34 in which the wall (38) of a recess (36)
of the bell (14) has a radial extent less than that of
the teeth (34) of the bell.

36. A disc-brake disc (10) according to any omne of
Claims 16 to 35 in wﬁich the external profiles of the

teeth (34) of the bell (14) and the internal profiles of

" the recesses (28) of the braking band (12) are portions

of circles concentric with the disc.

37; A disc-brake disc (10) atcordihg to any one of
Claims 16 to 35 in which the external profiles of the
teeth (34) of the bell (14) and the internal profiles of
the recesses (28) of the braking band (12) are portions
of ellipses having their concave sides facing towards
the rotation axis (15).

38. A disc-brake disc (10) according to any one of

Claimg 16 to 37 in which the ventilated braking band
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(12) comprises two plates (16, 18) provided with holes

(33) extending through the thickness of the plate.
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