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“Air conveyor system for cooling a suspension and brake assembly
of a motor-vehicle wheel”
TEXT OF THE DESCRIPTION

Field of the invention

The present invention refers to an air conveying system for cooling a
suspension and brake assembly of a motor-vehicle wheel, comprising:

- a suspension fork arranged to be connected respectively at its
opposite ends to an oscillating rod and a shock absorber unit,

- an air conveyor duct for conveying a cooling airflow towards one or
more components of said suspension and brake assembly.

The present invention finds particular application in the field of sports
vehicles with high performance and low production volumes.

Prior art

In general, for high-performance sports vehicles, the braking devices
and the wheel assembly must be effectively cooled to dissipate the heat
generated, so as to avoid wear and/or failures of the braking system or other
components connected to the wheel. In this regard, documents
US11313426 and EP3753760 illustrate various devices configured for
conveying a cooling airflow towards one or more components of a
suspension and brake assembly of a motor-vehicle wheel.

With reference to the systems of the type indicated at the beginning
of this description, the solutions known to date include suspension forks
made of aluminum and/or steel using traditional processes such as forging,
casting or moulding, and a cooling air conveyor duct which it is supported
near the wheel assembly by means of metal brackets cantilever mounted
and connected to one or more components of the vehicle suspension or to
other components adjacent to it. The terminal end of the air conveyor duct
is positioned near the wheel well guard, to direct a cooling airflow generally
and in a widespread manner towards various components connected to the
front wheel, such as for example a brake disc unit, suspension arms, wheel
bearings, axle shafts, etc. This type of configuration directs the air generally
towards the center of the wheel, without conveying the airflow directly to the
components most subjected to thermal stress, thus incurring unnecessary
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dispersions. Furthermore, the known solutions described above are
susceptible to incurring structural and reliability problems due to accidental
events (such as traveling on road roughnesses and/or impacts with external
bodies), which could lead to damage to the support brackets and/or of the
fixing means associated with them, and therefore to a detachment of the
cooling duct.

Furthermore, from a production point of view, these systems involve
the implementation of a specific mold for the fork and various other molds
for the interface components, such as for example the duct support
brackets. Furthermore, subsequent mechanical and assembly processes
are necessary for the overall implementation of the system.

In light of the above, the management cost of the components and
the high investment cost of the molds for their implementation have an
impact on a high final development cost. In addition to this, any subsequent
modification to one or more components implies a modification of the molds
with a further increase in overall times and costs. The subsequent
mechanical operations for the implementation of the system and the
assembly operations also have a negative impact on overall development
times and costs, which are therefore not very sustainable for vehicles with
low production volumes.

The present invention starts therefore by the desire to implement a
system that is improved from various points of view compared to what is
currently known, in particular with regard to the effectiveness of the cooling
system and the overall investment cost.

Obiject of the invention

The object of the present invention is to provide a system of the type
indicated at the beginning of this description, which is extremely effective
for cooling one or more components of the suspension and brake assembly,

with relatively simple means and sustainable costs.

A further object of the invention is to implement such a system, so as
to optimize the number of components, the system reliability and the
assembly ease.

A further object of the invention is to implement this system, in order
to optimize overall investment times and costs, making it compatible for high
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performance sports vehicles with low production volumes.

Summary of the invention
According to one or more embodiments, the above-mentioned
objects are achieved through an air conveyor system having the features

specifically set out in claims 1-10.

According to one or more embodiments, the above-mentioned
objects are further achieved through a suspension and brake assembly of a
motor-vehicle wheel having the features specifically set out in claim 11.

Brief description of the figures

Further features and advantages of the invention will emerge from
the following description with reference to the attached drawings, provided
purely by way of non-limiting example, in which:

- figures 1, 2 are perspective views illustrating a suspension and
brake assembly of a motor-vehicle wheel, associated with an air conveyor
system according to the present invention,

- figures 3, 4 illustrate some features of the air conveyor system,
according to a first embodiment, and

- figures 5, 6 illustrate further features of the air conveyor system,
according to a second embodiment.

Detailed description of embodiments

The following description illustrates various specific details aimed at
an in-depth understanding of examples of one or more embodiments. The
embodiments may be implemented without one or more specific details, or
with other methods, components, materials etc. In other cases, known
structures, materials or operations are not shown or described in detail to
avoid obscuring various aspects of the embodiments. The reference to
“an/one embodiment” within this specification is to indicate that a particular
configuration, structure or feature described in connection with the
embodiment is included in at least one embodiment. Thus, phrases such as
‘in an/one embodiment’, possibly present in different places in this
specification, do not necessarily refer to the same embodiment.
Furthermore, particular conformations, structures or features can be
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combined appropriately in one or more embodiments and/or associated with
the embodiments in a different way from as illustrated here, so for example
a feature exemplified here in relation to a figure it may be applied to one or
more embodiments exemplified in a different figure.

The references illustrated here are for convenience only and
therefore do not delimit the extent of protection or the scope of the
embodiments.

Figures 1, 2 are different perspective views illustrating a suspension
and brake assembly 1 of a motor-vehicle wheel, associated with an air
conveyor system S for cooling one or more components of the assembly 1,
according to the present invention.

Purely by way of non-limiting example, the suspension and brake
assembly 1 illustrated in figures 1, 2 is an assembly of a front wheel of a
motor-vehicle, comprising a brake disc 2 of a disc braking system, a shock
absorber unit 3, a wheel strut 4, an upper oscillating arm 5, a lower
oscillating rod 6 and a suspension stabilizer bar 7.

According to an illustrated feature, the air conveyor system S for the
suspension and brake assembly 1 comprises a suspension fork 8 having a
body with two parallel arms 9, connected respectively at its opposite ends
to the lower oscillating rod 6 and the shock absorber unit 3. More
particularly, the suspension fork 8 comprises an upper portion 10 defining a
seat for receiving and fixing the shock absorber unit 3. From the upper
portion 10 the parallel and spaced arms 9 extend, along a substantially
vertical direction with reference to the configuration mounted on the vehicle.
At the lower end of each arm 9 a fastening seat 11 is provided to fix the
lower oscillating rod 6, in particular by connecting the seats 11 to an elastic
bush carried by the rod 6. Note that the present invention is equally
applicable to a suspension group with single-leg fork.

According to the present invention, the system S comprises an air
conveyor duct 12 configured for conveying a cooling airflow towards one or
more components of the suspension and brake assembly 1. In the
assembled configuration, the duct 12 comprises a distal portion 13 having
an inlet opening 14 adapted to operate as an air intake for the entry of an
airflow into the duct 12 to be directed towards the suspension and brake
assembly 1. In one or more embodiments, the distal portion 13 extends
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inside the bumper of the motor-vehicle (not shown), so that the inlet opening
14 faces the bumper from the front so as to receive an inlet airflow during
the motion of the motor-vehicle. The duct 12 further comprises a proximal
portion 15 having an outlet opening 16 configured to direct the airflow
towards one or more components of the suspension and brake assembly 1.

In one or more embodiments, the duct 12 comprises an intermediate
portion 17 passing between the parallel arms 9 of the fork 8, in particular
through a stiffening and fixing receiving body 18 associated with the arms
9. Preferably, the duct 12 is of circular section and the stiffening and fixing
body 18 has a section with the same shape and diameter suitable for
receiving the intermediate portion 17 of the duct 12 along its inner wall. The
receiving body 18 therefore defines an annular body with a main axis
perpendicular to the plane of the fork defined by the parallel arms placed
side by side. In other embodiments, the axis of the annular body is not
perpendicular to the plane of the fork and has an angle with respect to it,
depending on the layout of the duct 12.

In one or more embodiments, the outer circumferential wall of the
intermediate portion 17 is blocked by interference with the inner
circumferential wall of the receiving body 18. In other embodiments, the duct
12 can be glued to the receiving body 18 or joined by means of fixing means
such as clamping band and/or bayonet-type fixture. Further characteristics
of the receiving body 18 are illustrated later in the description.

According to a further aspect of the invention, the suspension fork 8
is made by an additive manufacturing technology. The expression “additive
manufacturing” generally refers to a process known in the art in which use
is made of an energy source, such as for example a laser or plasma beam,
to selectively fuse powder layers or metallic or plastic material sheets, of
various sizes, so as to form, layer after layer, a component of metallic
material or plastic material. A device for producing components through
additive manufacturing is known for example from document EP 3148784
A1, while the European patent application EP 3470248 A1 in the name of
the same Applicant illustrates an example of application of the construction
technique described above in the field of motor-vehicle suspensions.

In one or more embodiments, the suspension fork 8 is made by
means of an additive manufacturing technology based on the deposition of
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material on layers (for example according to the “Fused Deposition
Modelling”, FDM).

By making the fork 8 in additive manufacturing it is possible to
produce the fork 8 without moulds, allowing the formation of geometric
undercuts that would otherwise not be achievable with a single piece
component.

As indicated previously, the duct 12 comprises an intermediate
portion 17 passing between the parallel arms 9 of the fork 8, in particular
through a stiffening and fixing receiving body 18 associated with the arms
9. The fixing of the conveyor duct 12 directly on the fork 8 allows to optimize
the orientation of the proximal portion 15 with the outlet opening 16, so that
the cooling airflow is directly directed to one or more components involved
in cooling (such as for example brake caliper, wheel bearing, axle shaft)
thus avoiding unnecessary dispersion of the airflow. In other words, the
outlet opening 16 directly faces one or more specific components of the
suspension and brake assembly 1. Furthermore, the fact of providing a rigid
body connected to the arms 9 and placed between them allows the stiffness
of the fork 8 to be increased, to the advantage of the stability of the
suspension system.

Therefore, the air conveyor system S according to the invention
provides a conveyor duct 12 integrated with the fork 8, ensuring properties
of strength and stability of the duct 12, without having to provide brackets or
other means of support and fixing in proximity to the fork 8.

With reference to the embodiment illustrated in figures 3, 4, the fork
8 is made in additive manufacturing by defining a single piece comprising
the fork body with two parallel arms 9 and the aforementioned stiffening and
fixing receiving body 18 suitable for receiving and fixing the intermediate
portion 17 of the duct 12. In this embodiment, the specific geometry of the
fork 8 consists of a two-legged archetype which has a central stiffening body
suitable for receiving and locking the cooling duct 12 in position. The outer
circumferential wall of the receiving body 18 has opposite lateral portions
joined to a respective inner face 9’ of the arms 9.

Figures 5, 6 illustrate a further embodiment of the invention. In this
embodiment, the fork 8 is made by an additive manufacturing technology so
as to form a single piece comprising the parallel arms 9 and one or more
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fastening seats 19. The fastening seats 19 are integrated in a single piece
with the arms 9 and are designed to rigidly connect the receiving body 18
to the arms 9 of the fork 8. As illustrated in figures 5, 6, the fastening seats
19 are protruding pins suitable for cooperating with respective fixing means
- for example a threaded nut 20 - to fix lateral portions 21 of the receiving
body 18 to the arms 9. The arms comprise a pair of pins positioned
substantially at the center line of the arms 9, protruding perpendicularly with
respect to a longitudinal direction of the arms 9. The circular-shaped
receiving body 18 comprises two lateral portions 21 defining respective
connection flanges to be joined to the pins with the threaded nuts 20. This
embodiment in which the receiving body 18 is not integrated in a single
piece in additive manufacturing with the fork 8, allows the dimensions and/or
the general shape of the receiving body 18 to be varied, depending on the
shape of the duct 12. In fact, the shape and more generally the layout of the
duct 12 could vary depending on the type of vehicle on which the system S
is to be installed. For example, the duct 12 could have a diameter of different
dimensions depending on the need to direct an airflow with a greater or
lesser flow rate. Furthermore, the duct 12 could be provided with other
shapes than illustrated, for example with an oval section.

The invention as described above allows the following advantages to
be obtained:

- directing the cooling air directly to the components most affected by
wear and/or failures due to high temperatures, while avoiding structural and
reliability problems that could lead to damage to the cooling duct.

- overall investment costs compatible for the production of sports
vehicles with high performance and low production volumes,

- assembling the system intuitively and with a particularly small
number of components,

- making changes to the fork or duct quickly and economically, for
implementation on different vehicle models.

Of course, notwithstanding the principle of the invention, the
construction details and the embodiments may vary widely with respect to
what is described and illustrated purely by way of example, without thereby
departing from the scope of the present invention as defined in the attached
claims.
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CLAIMS

1. Air conveyor system (S) for cooling a suspension and brake
assembly (1) of a motor-vehicle wheel, comprising:

- a suspension fork (8) arranged to be connected respectively at its
opposite ends to an oscillating rod (6) and a shock absorber unit (3),

- an air conveyor duct (12) for conveying a cooling airflow towards
one or more components of said suspension and brake assembly (1),

- wherein said duct (12) comprises an intermediate portion (17)
integrated with the fork (8) and passing through a stiffening and fixing
receiving body (18) suitable for supporting and fixing said intermediate
portion (17),

- wherein said fork (8) is made by an additive manufacturing
technology, defining a single piece comprising said receiving body (18) or a
single piece comprising one or more fastening seats (19) for connecting the
receiving body (18) to the arms (9),

- wherein said duct (12) comprises a proximal portion (15) protruding
from the fork (8) towards one or more components to be cooled of said
suspension and brake assembly (1), said proximal portion (15) comprising
an outlet opening (16) directly facing one or more components of the
suspension and brake assembly (1).

2. System (S) according to claim 1, wherein the duct (12) comprises
a distal portion (13) having an inlet opening (14) adapted to operate as an
air intake for the entry of an airflow inside the duct (12).

3. System (S) according to claim 1 or 2, wherein the receiving body
(18) has an annular-shaped body with a diameter suitable for receiving the
intermediate portion (17) of the duct (12) along its inner wall.

4. System (S) according to claim 3, wherein the outer circumferential
wall of the intermediate portion (17) is blocked by interference with the inner
circumferential wall of the receiving body (18).

5. System (S) according to any of the preceding claims, wherein the
duct (12) is rigidly connected to the receiving body (18) by means of fixing
means such as clamping band and/or bayonet-type fixture.

6. System (S) according to any of the preceding claims, wherein the
receiving body (18) is a rigid body forming a single piece with the
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suspension fork (8).

7. System (S) according to any of the preceding claims, wherein said
suspension fork (8) has a body with two parallel arms (9), wherein said
intermediate portion (17) passes between said parallel arms (9) and through
said stiffening and fixing receiving body (18).

8. System (S) according to claim 7, wherein the receiving body (18)
is a rigid body connected to the arms (9) and interposed between them,
forming a single piece with the suspension fork (8), wherein the outer
circumferential wall of the receiving body (18) has opposite lateral portions
joined to a respective inner face (9’) of the arms (9).

9. System (S) according to claim 7, wherein said one or more
fastening seats (19) are protruding pins adapted to cooperate with
respective fixing means to connect lateral portions (21) of the receiving body
(18) to the arms (9).

10. System (S) according to claim 9, wherein the arms (9) comprise
a pair of pins positioned substantially at the center line of the arms (9),
protruding perpendicularly with respect to a longitudinal direction of the
arms (9), wherein the receiving body (18) comprises two lateral connection
flanges (21) joined to the pins with respective fixing means.

11. Suspension and brake assembly (1) of a motor-vehicle wheel
comprising an air conveyor system (S) for cooling one or more components
of said suspension and brake assembly (1), including:

- a suspension fork (8) connected respectively at its opposite ends to
an oscillating rod (6) and a shock absorber unit (3),

- an air conveyor duct (12) for conveying a cooling airflow towards
one or more components of said suspension and brake assembly (1),

- wherein said duct (12) comprises an intermediate portion (17)
integrated with the fork (8) and passing through a stiffening and fixing
receiving body (18),

- wherein said fork (8) is made by an additive manufacturing
technology, defining a single piece comprising said receiving body (18) or a
single piece comprising one or more fastening seats (19) for fixing the
receiving body (18) to the arms (9),

- wherein said duct (12) comprises a proximal portion (15) protruding
from the fork (8) towards one or more components to be cooled of said
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an outlet opening (16) directly facing one or more components of the
suspension and brake assembly (1).
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