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(54) Title: AXTAL FAN

FIG. 1 6

(57) Abstract: Described is an axial fan comprising an electric motor (3), an

impeller (4) and a hub (5) of the impeller (4), the hub having a bottom wall
(9) connected to the free end part of a shaft (14) of the electric motor in such
a way as to rotate it about an axis (R) of rotation, the hub (5) being cup-
shaped and having an outer annular wall (10) for containing at least partly the
motor; the bottom wall (9) of the hub (5) has a central portion (11), an outer
annular portion (12) connected to the central portion (11) by an intermediate
portion (13) which is defined by a plurality of blades (16) arranged radially
and angularly distributed about the axis of rotation, the blades (16) are elasto-
plastic blades and are able to prevent the impeller (4) from moving axially
parallel to the axis of rotation (R), moving radially perpendicular to the axis
of rotation and a bending of the impeller (4) with movements normal to the
plane in which the mean surface of the impeller itself lies, the blades (16) al-
lowing on the other hand a movement with torsional bending around the axis
of rotation so as to allow the damping of the resonance frequencies of the as-
sembly formed by the impeller-shaft- rotor.
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DESCRIPTION
AXIAL FAN

Technical field

‘This invention relates to an axial fan and, in particular, to an axial electric

fan for automdtive applications.
The prior art fans, to which reference is made in this épecification,-
comprise an axial fan and an electric motor which drives the fan and are

usually referred to as "axial electric fans".

Background art

The electric motor has a substantially cylindrical casing, a stator unit and a
rotor unit, housed inside the casing and coupling means designed to
co‘uple the rotor unit to the impeller so as to rotate it.

The above-mentioned coupling means are normally defined by a shaft
protruding from the casing, rotated by the rotor unit. '

In this description, for sake of simplicity, reference will always be made to
the fact that the above-mentioned coupling means comprises a shaft
prot‘ruding erm the casing of the electric motor and rotated with the rotor
unit, but without limiting the scope of the invention.

The impeller has a connecting hub coaxial with the shaft of the motor and
a plurality of blades extending radially from the hub.

Usually, the hub of the impeller is cup shaped, that is to say, it has a
bottom wall facing the wall of the motor from which the shaft projects, for
connecting to the shaft of the motor, and a substantially cylindrical lateral
wall from which the blades extend.

In order to limit the axial dimensions of the "axial electric fan" unit, the
motor is at least partly housed inside the hub, surrounded by the lateral
wall of the hub itself which, starting from the bottom wall, extends towards

the motor.
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Again with the aim of reducing as much as possible the size of the "axial
electric fan" unit, electric motors of the “brushless” type are used, which
have axial dimensions (thickness) which are relatively limited.

Moreover, during the design stage the distance between the bottom wall of
the hub and the front wall of the electric motor facing the bottom wall of the
hub is limited as much as possiblé.

Lastly, a tubular gap is defined between the motor casing and the hub of
the impeller, that is, between the casing and the lateral wall of the hub, to
allow the impeller to rotate freely.

The use of so-called “flat motor fans”, that is to say motors with limited
axial thickness characteristics, is a beneficial factor of the axial electric fan
unit since the space available in the engine compartment of modern cars
is increasingly limited.

In this regard, it should also be noted that, although “brushless” electric
motors are used, the majority of the space of an axial electric fan is
occupied by the electric motor itself, so, even if a large part of the motor is
inside the hub, in order to contain the axial dimensions of the electric fan
unit it is necessary to reduce the axial dimensions of the impeller.
However, since the axial dimensions of the impeller (its thickness) cannot
be reduced below a certain structural limit, especially for high outputs
wherein the impellers have very large diameters, in order to attempt to limit
as much as possible the axial dimensions of the electric fan it is necessary
to reduce as much as possible the distance between the bottom wall of the
hub and the surface of the motor facing the bottom wall of the hub itself.

It should be noted that the distance becomes a critical point of the design
and tends to become increasingly reduced.

It should also be noted that the shaft must protrude from the motor for a
sufficient stretch in such a way that it can couple to the fan with
mechanical safety.

In this regard, at the central point of keying the shaft to the hub, the bottom

wall of the latter is equipped with a sintered steel bushing co-moulded with
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the bottom wall. This technology also makes it possible to reduce the
distance between the bottom wall of the hub and the wall of the motor
facing the bottom wall of the hub. ‘

In addition to drawbacks mentioned above relative to the axial dimensions,
which will be discussed further below, the electric fan unit and, more

specifically, the rotor and impeller; have vibration problems.

It is known that the impellers of axial fans driven by electric motors (of any

type: brushless, DC etc.) generally have a problem of transmission by the
motor to the impeller of a torque ripple having a frequency which is
generaliy a multiple of the number of revolutions of the motor, which is
superposed on the desired continuous torque.

In other words, no type of electric fnotor generates a constant torque, but
always has a variable “parasite” component which is superposed on the
constant component. The“parasite” component is precisely the above-
mentioned torque ripple. These torque ripples have a frequency which is
generally a multiple of the speed of rotation of the motor. It follows that
these frequencies change with the speed of the motor. If the rotor and
impeller unit has a relative resonance frequency it means that there will be
a certain predetermined speed of the motor at which the above-mentioned
torque ripple has a frequency which is exactly the resonance frequency.

It therefore follows that the torque ripple generates its maximum damage
when its frequency generates resonance of the elastic/inertial system
consisting usually of the drive shaft (the so-called torsional spring) and the
moments of inertia of the rotor of the motor and of the impeller.

In conclusion the so-called forque ripple induces vibration phenomena
amplified at the resonance frequency of the impeller unit, shaft, motor rotor
which in turn generate unwanted and unacceptable acoustic noise effects.
Use is known, in the prior art, of traditional dampers made of rubber
interposed in various shapes and sizes between the motor and the

impeller.
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Reference is made in this regard to the patent publications GB 1464559;
US 4193740; EP1375923.

With reference to the above description regarding the need to reduce the
axial dimensions of the electric fan unit, one must conclude that the use of
the latter for cooling heat exchangers in the automotive sector results in a
series of limitations which means that the use bf the traditional damping

structures described above is not practical to resolve the above-mentioned

noise problem.

As mentioned above, the_ _market request for minimum axial length of the
electric fan unit provides only a few millimetres of motor shaft to couple the
impeller to the motor and in particular the reduced distance between the
bottom wall of the hub and the wall of the motor facing the bottom wall of
the hub does not allow the use of traditional rubber dampers.

In addition, the impeliers are made of a plastic material and must comply
with specifications and withstand vibration tests and gyroscopic effects

which require significant rigidity in an axial and radial direction and

' bending which is generated on the plane in which the impeller itself lies.

For this purpose, the above-mentioned impellers also contain a significant
percentage of glass fibres (typically 35%) which tends to increase their
rigidity.

The fact of reducing the distance between the bottom wall of the hub and
the wall of the motor and the possible use of rubber “dampers” would
reduce the rigidity of thé impeller to the above-mentioned axial and
bending forces and would introduce movements of the impeller during its
operation which would cause the impeller to slide against the other parts
present in the motor compartment of the motor vehicles or even against
the supporting structure (shroud) of the impeller itself.

It should also be noted that the gyroscopic effect is very strong. The
impeller is subjected to a torque force on its plane which if it were not rigid

would have all the problems indicated above.
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In other words, the impeller must absolutely not move or bend relative to
its position adopted on the plane in which it lies because the spaces for
bending are small and it would tend to touch other parts pfesent in the
motor compartment and break.

Moreover, the specifications due to environmental requirements and the
reliability/life of the product are very stringen;t. For exambie, the irrﬁ[;elrlérs
must be able to operate with operating temperatures ranging from - 40° to
+ 150° (ambient degrees) and must withstand all external agents such as
petrol, oil, water, salt water, and other chemical components. | _
Also for these reasons, rubber is absolutely unsuitable for being used to
make damping devices or structures.

In this context, the main aim of this invention is to overcome the above-

mentioned drawbacks.

Disclosure of the invention

The aim of this invention is to provide an axial electric fan which is free of
the problem of noise introduced by the resonance frequencies.

Another aim of this invention is to provide a fan unit which allows the same
rigidity to be maintained against axial and radial movements and bending,
generating a damping effect for the stresses due to the above-mentioned
ripple torques.

The technical purpose indicated and the aims specified are substantially

achieved by an axial fan according to claim 1.

Brief description of drawings

Further features and advantages of this invention are more apparent in the
detailed description below, with reference to a preferred, non-restricting,
embodiment of an axial fan as illustrated in the accompanying drawings, in

which:
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- Figure 1 shows a schematic perspective view of an axial fan
according to this invention, equipped with an electric motor and without the
view of the blades;

- Figure 2 shows a schematic radial cross section view of the axial
fan of Figure 1;

- . Figure 3 shows a front view of the axial fan according to the
previous draWings and equipped with blades;

- Figure 4 shows a front view of the axial fan of Figure 3 with some
parts cut away according to an alternative embodiment and for greater
clarity;

- Figure 5 shows a schematic perspective view of the inner part of
the hub of the impeller of the fan of Figure 4, without the blades;

- Figure 6 shows a schematic perspective view of the inner part of
the hub of the impeller of the fan of Figure 1 without the blades;

- Figure 6a shows a scaled-up schematic perspective view of a blade
of the hub of Figure 6;

- - Figure 7 shows a schematic front view of the inner part of the hub of
the fan of Figure 6, without the blades;

- Figure 8 shows the diagram of the energy absorbed by a blade of

the hub of the fan according to this invention.

Detailed description of preferred embodiments of the invention

With reference to the accompanying drawings and in particular to Figures
1 and 2, the numeral 1 denotes in its entirety a fan unit according to this
invention.

The fan unit 1 is preferably destined for automotive applications in the
cooling of radiators.

The fan unit 1 comprises an axial fan 2 with an axis of rotation R, an
electric motor 3 and an axial flow impeller 4 driven and rotated by the

motor 3 about the axis R.
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As illustrated in Figures 3 and 4, the fan 4 is equipped with a hub 5 and a
plurality of blades 6 which extend from the hub 5.

As illustrated in particular in Figures 1 and 2, the motor 3, preferably of the

closed and sealed type, substantially of known type and described only
insofar as is necessary to understand the invention, comprises an external
casing 7 and a shaft 8, coaxial with the axis R, to which the impeller4 is
connected. '

The impeller 4 or, rather, the axial fan 2 comprises the above-mentioned
hub 5 which is in turn shaped in the form of a cup and comprises a bottom
wall 9 and an annular lateral wall 10 for partially containing the electric
motor 3.

As illustrated in particular in Figures 4, 5, 6 and 7, on the bottom wall 9 of
the hub 5 there is a central portion 11, an outer annular portion 12 joined
to the annular lateral wall 10 and a intermediate portion 13 for connection
between the central portion 11 and the outer annular portion 12.

The central portion 11 is connected to the movable part of the electric
motor 3 in such a way that the hub 5 and consequently the fan 6 can be
rotated about the axis of rotation R.

As illustrated in Figure 2, the electric motor 3 is equipped with a shaft 14
connected to the inner rotor and designed to support, at the relative free
end, the impeller 4.

More specifically, at the central portion 11 of the bottom wall 9 of the hub
5, there is a sintered steel bushing 15 which allows a stable and robust
keying of the hub 5 on the shaft 14 of the motor 3.

The above-mentioned intermediate portion 13 comprises a plurality of
blades 16 which extend radially relative to the axis of rotation R towards
the above-mentioned outer annular portion 12.

The blades 16 are elasto-plastic blades and each of them has a flat
rectangular shape.

More specifically, as illustrated in Figure 6a, each blade 16 is defined by a

longitudinal dimension L which extends radially relative to the axis of



WO 2017/021935 PCT/IB2016/054744

10

15

20

25

30

rotation R, a transversal dimension T which extends parallel to the axis of
rotation R and a thickness S. |

Each blade 16 must have its transversal dimension or thickness S much
less than its longitudinal dimension L.

According to the embodiment illustrated in Figures 4 and 5, the blades 16
are angularly separated by an empty space 17.

According to the embodiment illustrated in Figures 3, 6 a.nd 7, the blades
16 are angularly separated by a tab 18 which is substantially V-shaped for
protecting the hub 5.

As illustrated in Figure 2, between the bottom wall 9 of the hub 5 and a
front wall 19 of the motor 3 there is a distance D.

The distance D is the minimum distance which can be obtained in the

construction of the electric fan unit 1.

‘It should be noted that each blade 16 has the relative transversal

dimension T substantially equal to the distance D.

Obviously, the transversal dimension T is just less than the distance D to
enable the rotation of the hub 5 without sliding on the front wall 19 of the
motor 3. _ ' |

From what is described above it follows that the above-mentioned blades
16 extend with their transversal dimension T parallel to the axis R and to
the shaft 14 and with their longitudinal dimension L perpendicular to the
shaft 14, whilst they extend with their thickness S along a direction parallel
to the direction of rotation of the impeller 4.

In other words, each blade 16 comprises an I|-shaped beam the
dimensions of which with reduced thickness S with respect to the
transversal dimension T and their particular positioning relative to the axis
of rotation R of the hub 5 and of the impeller 4 are very resistant to
longitudinal loads, thaf is, along their transversal direction T, very resistant
to loads along their longitudinal direction L, whilst they are flexible to loads

along their thickness S perpendicular to their larger lateral surface.
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The plurality of blades 16 is therefore able to prevent the impeller 4 from
moving axially parallel to the axis of rotation R, moving radially
perpendicular to the axis of rotation and a bending of the impeller 4 with
movements normal to the plane in which the mean surface of the impeller

4 itself lies.

‘The above-menﬁbned .blades 16 allow, on the .other hand, a movement

with torsional bending in such a way as to allow damping of the resonance
frequencies.

It should be noted that the number of blades depends on the number of
the blades of the fan and must be at least sufficient to obtain the minimum
effect of annulling the radial énd Iongit'udinal movements, and to at least
allow damping of the resonance frequencies with torsional bending. |

The number of blades provided must be sufficient to obtain these effects
of eliminating radial and longitudinal movements and allow the damping of
the resonance frequencies with bending.

For this reason, the number of blades may be changed as a function of the
result which one wishes to obtain; in particular, the number of blades must
be sufficient to guarantee these effects and it will always depend on the
ratio between bending torque and twisting torque.

It should also be noted that the blades 16 are made during the step of
moulding the impeller 4 and are therefore made of the same material used
to make the impeller 4 itself.

This production process does not, therefore, involve the addition of
different materials or procedures in addition to that of moulding, allowing
the production of the fan to be achieved without additional pfoduction
costs (that is to say, with substantially reduced costs). -

The blades are elasto-plastic structures in the sense that they have both

an elastic effect and a plastic effect, with hysteresis cycles during their

operation.

As illustrated in Figure 8, when the blades 16 operate they define a

hysteresis  cycle which corresponds to the absorption of energy and they
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therefore constitute an actual damper which allows the vibrations caused

by the resonance frequencies to be dampened.
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11

CLAIMS

1. An axial fan comprising an electric motor (3), an impeller (4) and a hub
(5) of the impeller (4), the hub comprising a central portion (11) connected
to the movable part the electric motor in such a way as to be rotated about
én axié (R) of rotétion, the hub (.5)' élso rcrom'prising én outer érhnular por{ion
(12) connected to the central portion (11) by an intermediate portion (13),
characterised in that the intermediate portion (13) comprises a plurality of
blades (16) arranged radially and angularly distributed about the axis of
rotation, the blades (16) being able to prevent the impeller (4) from moving
axially parallel to the axis of rotation (R), moving radially perpendicular to
the axis of rotation and a bending of the impeller (4) with movements
normal to the plane in which the mean surface of the impeller itself lies, the
blades (16) allowing on the other hand a movement with torsional bending

around the axis of rotation so as to allow the damping of the resonance

- frequencies of the fan.

2. The fan 1 according to claim 1, characterised in that the blades (16) are
elasto-plastic blades.

3. The fan according to claim 1 or 2, characterised in that éach blade (16)
has a rectangular shape defined by a longitudinal dimension (L) extending
radially relative to the axis of rotation, a transversal dimension (T)
extending parallel to the axis of rotation and a thickness (S).

4. The fan according to claim 3, characterised in that each blade (16)
must have its transversal dimension or thickness (S) much less than its
longitudinal dimension (L).

5. The fan according to any one of claims 1 to 4, characterised in that the
blades (16) are angularly separated by an empty space (17).

6. The fan according to any one of claims 1 to 5, characterised in that the
hub (5) is cup-shaped and has a bottom wall (9) and a lateral wall (10) to
bon_tain at least partly the motor (3), the central portion (11), the outer

annular portion (12) and the intermediate portion (13) are identified on the
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bottom wall (9); the outer annular portion (12) being joined to the lateral
wall (10); the central portion (11) comprising a bushing (15) co-moulded
with the bottom wall (9) for connecting with a shaft of the motor (14).

7. The fan according to any one of claims 1 to 6, characterised in that
between the bottom wall (9) of the hub (5) and a front wall (19) of the
motor (3) theré |s a distance (D), ea.chA blade (‘16-)-havihg irts trarnsr\rlrersal
dimension (T) substantially equal to the distance (D), the difference being
merely sufficient to allow the rotation of the hub without sliding on the front

wall of motor.

8. The fan according to any one of claims 1 to 7, characterised in that the

blades (16) are angularly separated by a tab (18) which is substantially V-
shaped for protecting the hub (5).

9. The axial fan according to any one of claims 1 to 8, characterised in that
the number of blades (16) depends on the number of the blades (6) of the
fan and must be at least sufficient to obtain the minimum effect of
annulling the radial and longitudinal movements, and to at least allow
damping of the resonance frequencies with torsional bending.

10. The axial fan according to any one of claims 1 to 9, wherein the blades
(16) are made with the same material as the impeller (4).

11. The axial fan according to any one of claims 1 to 10, wherein the

blades (16) are obtained during the process for moulding the impeller (4).
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