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first aperture and a second aperture, the shroud having a constricting section con-
figured to restrict airflow moving from the first aperture to the second aperture.
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AXITAL FLOW FAN AND FAN GUARD FOR A MOTOR COOLING ASSEMBLY

Technical Field

This disclosure relates generally to the field of cooling systems for electric motors;
particularly to the field of air cooling systems for electric motors; and more particularly, to
the field of attenuation of emitted sound and reduction of power consumed during operation
of the electric motor.

Background

Electric motors may generate large amounts of heat as a result of the electromagnetic
fields therein. The internal heat build-up may significantly reduce the efficiency of the motor,
particularly in high-density power applications. Increase in heat may result in an increase in
electrical resistance through the motor windings associated as temperatures rise. Thus,
dissipation of heat is required for efficient operation of the motor.

Generally, air cooling systems are known for the dissipation of heat generated by
electric motors. The air cooling systems comprise an axial flow fan and a fan guard that
encloses the fan. The cooling system may be configured to reduce air flow turbulence so as to
provide sound attenuation and reduction of power consumption.

The present disclosure is directed, at least in part, to improving or overcoming one or
more aspects of the prior art system.

Brief Summary of the Invention

In a first aspect, the present disclosure describes a fan guard for a motor cooling
system. The fan guard comprises a shroud having a conduit extending between a first
aperture and a second aperture, the shroud having a constricting section configured to restrict
airflow moving from the first aperture to the second aperture. The fan guard fan provides for
an increase in captured mass flow rate. The increased in mass flow rate provides for motor
cooling.

In a second aspect, the present disclosure describes an axial flow fan for a motor
cooling system. The axial flow fan comprises a hub having a rotational axis; a plurality of
blades extending radially from the hub, each blade having a leading edge and a trailing edge

wherein each blade has at least one flow element for reducing turbulence of air flow. The
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axial flow fan provides for a reduction in power consumption and a reduction in turbulence of
the passing air flow. The reduction in turbulence enables a lowering of the noise level.

In a third aspect, the present disclosure describes a motor cooling system. The motor
cooling system comprises an axial flow fan and/ or a fan guard.

Brief Description of the Drawings

The foregoing and other features and advantages of the present disclosure will be
more fully understood from the following description of various embodiments, when read
together with the accompanying drawings, in which:

Fig. 1A is a plan view of an axial flow fan, in the first embodiment, according to the
present disclosure;

Fig. 1B is an isometric view of the axial flow fan of Fig. 1A;

Fig. 1C is a side view of the axial flow fan of Fig. 1A;

Fig. 2A is a plan view of an axial flow fan, in the second embodiment, according to
the present disclosure;

Fig. 2B is an isometric view of the axial flow fan of Fig. 2A;

Fig. 2C is a side view of the axial flow fan of Fig. 2A;

Fig. 3A is a plan view of an axial flow fan, in the third embodiment, according to the
present disclosure;

Fig. 3B is an isometric view of the axial flow fan of Fig. 3A;

Fig. 3C is a side view of the axial flow fan of Fig. 3A;

Fig. 4A is a plan view of an axial flow fan, in the fourth embodiment, according to the
present disclosure;

Fig. 4B is an isometric view of the axial flow fan of Fig. 4A;

Fig. 4C is a side view of the axial flow fan of Fig. 4A;

Fig. 5A is a plan view of an axial flow fan, in the fifth embodiment, according to the
present disclosure;

Fig. 5B is an isometric view of the axial flow fan of Fig. 5A;

Fig. 5C is a side view of the axial flow fan of Fig. 5A;

Fig. 6A is an isometric view of a fan guard, in the first embodiment, according to the

present disclosure;
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Fig. 6B is a cross-sectional view of the fan guard of Fig. 6A;

Fig. 7A is an isometric view of a fan guard, in the second embodiment, according to
the present disclosure;

Fig. 7B is a cross-sectional view of the fan guard of Fig. 7A;

Fig. 8A is an isometric view of a fan guard, in the third embodiment, according to the
present disclosure;

Fig. 8B is a cross-sectional view of the fan guard of Fig. 8A;

Fig. 9A is an isometric view of a fan guard, in the fourth embodiment, according to
the present disclosure;

Fig. 9B is a cross-sectional view of the fan guard of Fig. 9A; and

Fig. 10 is a schematic view of a motor cooling system according to the present
disclosure.

Detailed Description

This disclosure generally relates to an axial fan configured to reduce air flow
turbulence, a fan shroud configured to increase speed of air flow and a cooling assembly with
the fan positioned in the fan shroud.

Figs. 1 to 5 show axial flow fans 10 in specific embodiments. The axial flow fan 10
has a hub 12 and a plurality of blades 16. The hub 12 is circular and has a rotational axis A.
Hub 12 has a front portion 14, a rear portion 32 and a side portion 15.

The plurality of blades 16 extend radially from the hub 12. The plurality of blades 16
are arranged on the side portion 15 of the hub 12. The plurality of blades 16 mutually diverge
from the hub 12. The plurality of blades 16 are mutually angularly separated along the side
portion 15. The plurality of blades 16 are substantially linear.

Each blade 16 is axially elongated along a longitudinal axis B. Each blade 16 has a
leading edge 18 and a trailing edge 20. The leading edge 18 is inclined relative to the trailing
edge 20. Each blade 16 has a first flow guide face 22 and a second guide flow face 24. The
first flow guide face 22 and the second guide flow face 24 connect the leading edge 18 to the
trailing edge 20. The first flow guide face 22 is convex. The second guide flow face 24 is
planar. In an alternate embodiment, second guide flow face 24 has a concave curvature. In a

further embodiment, second guide flow face 24 has a convex curvature. Each blade 16 has a
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free end 26 and a coupling end 28. The coupling end 28 is connected to the hub 12. Each
blade is angled relative to the plane of rotation of the hub 12. Each blade 16 has at least one
flow element 130, 230, 330, 430, 530 for reducing turbulence of air flow.

Figs. 1A-1C illustrates a first embodiment of the fan 10. The fan 10 has a hub 12 with
a forward projecting front portion 14. In an embodiment, the front portion 14 is shaped as a
truncated cone. The rear portion 32 has a coupling means 34 for coupling to a rotor shaft or to
a motor. The free end 26 of each blade has a convex curvature. Each blade 16 decreases in
width from the coupling end 28 to the free end 26. The first flow guide face 22 and the
second guide flow face 24 each decrease in width from the coupling end 28 to the free end
26. In an embodiment, the length of the blade 16 from the coupling end 28 to the free end 26
is greater than the diameter of the hub 14.

The cross-section of each blade 16 is shaped as an airfoil. The blade 16 is slightly
truncated on the leading edge 18. The first flow guide face 22 and the second guide flow face
24 are contiguous at the trailing edge 20. The first flow guide face 22 is spaced from the
second guide flow face 24 at the trailing edge 20. The transverse height of the leading edge
18 is greater than the transverse height of the trailing edge 20

The at least one flow element 130 is positioned at the leading edge 18. The at least
one flow element 130 is a plurality of crests 130. The plurality of crests 130 project from the
blade 16. The plurality of crests 130 project from the blade 10 in a direction substantially
transverse to axial extension of the blade 16. The plurality of crests 130 project from the
blade 16 in a direction substantially transverse to the longitudinal axis B. The plurality of
crests 130 are arranged in a row. In an embodiment, the plurality of crests 130 are mutually
spaced. A plurality of troughs 132 are interposed between the plurality of crests 130. In a
further embodiment, the depth of each trough 132 reaches the level of the leading edge 18 not
having the crests 130. In an embodiment, each trough 132 may be mutually aligned so as to
define the leading edge 18 or a portion thereof. In an embodiment, the plurality of crests 130
are identical. In an alternate embodiment, the crests 130 are varied. The crests 130 may be
smaller from the coupling end 28 to the free end 26. The troughs 132 may be wider from the
coupling end 28 to the free end 26. The troughs 132 may increase in depth from the coupling
end 28 to the free end 26.
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In an embodiment, the plurality of crests 130 are positioned adjacent the free end 26
and spaced from the coupling end 28 of the blade 16. The leading edge 18 is linear from the
plurality of crests 130 to the coupling end 28. In a further embodiment, the plurality of crests
130 are positioned adjacent the coupling end 28 and spaced from the free end 26. The leading
edge 18 is linear from the free end 26 to the plurality of crests 130. In yet a further
embodiment, the plurality of crests 130 are spaced from coupling end 28 and spaced from the
free end 26. The leading edge 18 is linear from the plurality of crests 130 to the coupling end
28 and to the free end 26.

In an embodiment, each crest 130 extends transversely across the leading edge 18
from the first flow guide face 22 to the second guide flow face 24. In alternate embodiment,
each crest 130 partially extends transversely on the leading edge 18 from the first flow guide
face 22 towards the second guide flow face 24. In a further alternate embodiment, each crest
130 partially extends transversely on the leading edge 18 from the second guide flow face 24
towards the first flow guide face 22. In a further embodiment, each crest 130 is positioned on
the leading edge 18 at the interface of the first flow guide face 22 and the leading edge 18. In
yet a further embodiment, each crest 130 is positioned on the leading edge 18 at the interface
of the second flow guide face 24 and the leading edge 18.

In an embodiment, each crest 130 has a uniform thickness from the first flow guide
face 22 and the second guide flow face 24 to a peak 131 of the crest 130. In an alternate
embodiment, each crest 130 has an increasing thickness from the first flow guide face 22 and
the second guide flow face 24 to the peak 131 of the crest 130. In a further alternate
embodiment, each crest 130 has a decreasing thickness from the first flow guide face 22 and
the second guide flow face 24 to the peak 131 of the crest 130. In an embodiment, the peaks
131 of each crest 130 may be mutually equal in relation to the thickness and height.

Figs. 2A-2C illustrates a second embodiment of the fan 10. The fan 10 has a hub 12
with a forward projecting front portion 14. The forward portion 14 is shaped as a truncated
cone. The rear portion 32 has a coupling means 34 for coupling to a rotor shaft or a motor.
The free end 26 of each blade has a convex curvature. The free end 26 is concentric with the
side portion 15 of the hub 12. Each blade 16 has a substantially constant width from the

coupling end 28 to the free end 26. The leading edge 18 is substantially parallel to the trailing
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edge 20. The first flow guide face 22 and the second guide flow face 24 are cach
substantially constant in width from the coupling end 28 to the free end 26. In an
embodiment, the length of the blade 16 from the coupling end 28 to the free end 26 has a
greater magnitude than the diameter of the hub 12.

The cross-section of each blade 16 is shaped as an airfoil. The first flow guide face 22
and the second guide flow face 24 are contiguous at the leading edge 18. The first flow guide
face 22 and the second guide flow face 24 are contiguous at the trailing edge 20.

The at least one flow element 230 is positioned at the trailing edge 20. The at least
one flow element 230 are teeth 230. The teeth 230 project from the blade 16. The teeth 230
project from the blade 16 in a direction substantially transverse to axial extension of the blade
16. The free ends 231 of each tooth 230 lie on a plane that is parallel to the leading edge 18.
In an embodiment, the tips of each free end 231 may be mutually aligned so as to define the
trailing edge 20 or a portion thereof. The teeth 230 project from the blade 16 in a direction
substantially transverse to the longitudinal axis B. The teeth are arranged in a row. In an
embodiment, the teeth 230 are mutually spaced. A plurality of troughs 232 are interposed
between the teeth 230. In a further embodiment, the depth of each trough 232 reaches the
level of the trailing edge 20 not having the teeth 230. In an embodiment, the teeth 230 are
identical.

In an embodiment, the depth of the troughs 232 may vary from the coupling end 28 to
the free end 26. The depth of the troughs 232 may increase from the coupling end 28 to the
free end 26. In an further embodiment, the spacing between each pair of tecth 230 may vary.
The spacing between each pair of teeth 230 may increase from the coupling end 28 to the free
end 26. Alternatively, the spacing between each pair of teeth 230 may decrease from the
coupling end 28 to the free end 26.

In an embodiment, the row of the teeth 230 extend from the free end 26 to the
coupling end 28. In alternate embodiment, the row of teeth 230 are positioned adjacent the
free end 26 and spaced from the coupling end 28 of the blade 16. The trailing edge 20 is
linear from the row of teeth 230 to the coupling end 28. In a further embodiment, the row of
teeth 230 are positioned adjacent the coupling end 28 and spaced from the free end 26. The

trailing edge 20 is linear from the free end 26 to the row of teeth 230. In yet a further
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embodiment, the row teeth 230 are spaced from coupling end 28 and spaced from the free
end 26. The trailing edge 20 is linear from the row of teeth 230 to the coupling end 28 and
from the row of teeth 230 to the free end 26.

The free end 231 of each tooth 230 is rounded. The sides 233 of each tooth 230 may
be mutually parallel. The width of each tooth 230 may be substantially constant from the first
flow guide face 22 and the second guide flow face 24 to the free end 231. In an embodiment,
the width of each tooth 230 may substantially decrease from the first flow guide face 22 and
the second guide flow face 24 to the free end 231. In an embodiment, each tooth 230 has a
decreasing thickness from the first flow guide face 22 and the second guide flow face 24 to
the free end 231. In an alternate embodiment, each tooth 230 has a uniform thickness from
the first flow guide face 22 and the second guide flow face 24 to the free end 231.

Figs. 3A-3C illustrates a third embodiment of the fan 10. The fan 10 has a hub 12 with
a forward projecting front portion 14. The forward portion 14 is shaped as a truncated cone.
The rear portion 32 has a coupling means 34 for coupling to a rotor shaft or a motor. The free
end 26 of each blade has a convex curvature. The free end 26 is concentric with the side
portion 15 of the hub 14. Each blade 16 has a substantially constant width from the coupling
end 28 to the free end 26. The leading edge 18 is substantially parallel to the trailing edge 20.
The first flow guide face 22 and the second guide flow face 24 are each substantially constant
in width from the coupling end 28 to the free end 26. In an embodiment, the length of the
blade 16 from the coupling end 28 to the free end 26 has a lesser magnitude than the diameter
of the hub 12.

The cross-section of each blade 16 is shaped as an airfoil. The first flow guide face 22
and the second guide flow face 24 are contiguous at the leading edge 18. The first flow guide
face 22 and the second guide flow face 24 are contiguous at the trailing edge 20.

The at least one flow element 330 is positioned at the trailing edge 20. The at least
one flow element 330 are teeth 330. The teeth 330 project from the blade 16. The teeth 330
project from the blade 16 in a direction substantially transverse to axial extension of the blade
16. The free ends 331 of each tooth 330 lie on a plane that is parallel to the leading edge 18.
In an embodiment, the tips of each free end 331 may be mutually aligned so as to define the

trailing edge 20 or a portion thereof. The teeth 330 project from the blade 8 16 in a direction
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substantially transverse to the longitudinal axis B. The teeth 330 are arranged in a row. In an
embodiment, the teeth 330 are mutually spaced. A plurality of troughs 332 are interposed
between the teeth 330. In a further embodiment, the depth of each trough 332 reaches the
level of the trailing edge 20 not having the teeth 330. In an embodiment, the teeth 330 are
identical.

In an embodiment, the teeth 330 extend from the free end 26 to the coupling end 28.
In alternate embodiment, the tecth 330 are positioned adjacent the free end 26 and spaced
from the coupling end 28 of the blade 16. The trailing edge 20 is linear from the row of teeth
330 to the coupling end 28. In a further embodiment, the teeth 330 are positioned adjacent the
coupling end 28 and spaced from the free end 26. The trailing edge 20 is linear from the free
end 26 to the row of teeth 330. In yet a further embodiment, the teeth 330 are spaced from
coupling end 28 and spaced from the free end 26. The trailing edge 20 is linear from the row
of teeth 330 to the coupling end 28 and from the row of teeth 330 to the free end 26.

The free end 331 of each tooth 330 is pointed. In an embodiment, the free end 331 of
each tooth 330 is rounded. The sides 233 of each tooth 230 may be mutually inclined. The
width of each tooth 330 may decrease from the first flow guide face 22 and the second guide
flow face 24 to the free end 331. In an embodiment, cach tooth 330 has a decreasing
thickness from the first flow guide face 22 and the second guide flow face 24 to the free end
331. In an alternate embodiment, each tooth 330 has a uniform thickness from the first flow
guide face 22 and the second guide flow face 24 to the free end 331.

Figs. 4A-4C illustrates a fourth embodiment of the fan 10. The fan 10 has a hub 12
with a front portion 14 having a cavity 13. The cavity 13 is enclosed by the side portion 15.
The forward portion 14 has a connecting means 17. The connecting means 17 enables the fan
to be connected to the motor shaft (not shown). The connecting means 17 extends centrally
and is concentric with the side portion 15. The rear portion 32 has a coupling means 32 34 for
coupling to a rotor shaft or a motor.

The free end 26 of each blade has a convex curvature. The free end 26 is concentric
with the side portion 15 of the hub 14. Each blade 16 has a substantially constant width from
the coupling end 28 to the free end 26. The leading edge 18 is substantially parallel to the
trailing edge 20. The first flow guide face 22 and the second guide flow face 24 are each
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substantially constant in width from the coupling end 28 to the free end 26. In an
embodiment, the length of the blade 16 from the coupling end 28 to the free end 26 has a
greater magnitude than the diameter of the hub 14. In an embodiment, the coupling end 28 of
cach blade 16 has a reinforcement 29 to strengthen the coupling of the blade 16 to the hub 12.

The cross-section of each blade 16 is shaped as an airfoil. The first flow guide face 22
and the second guide flow face 24 are contiguous at the leading edge 18. The first flow guide
face 22 and the second guide flow face 24 are contiguous at the trailing edge 20.

The at least one flow element 430 is positioned at the trailing edge 20. The at least
one flow element 430 are tecth 430. The teeth 430 project from the blade 16. The teeth 430
project from the blade 16 in a direction substantially transverse to axial extension of the blade
16. The free ends 431 of each tooth 430 lie on a plane that is parallel to the leading edge 18.
In an embodiment, the tips of each free end 431 may be mutually aligned so as to define the
trailing edge 20 or a portion thereof. The teeth 430 project from the blade 8 16 in a direction
substantially transverse to the longitudinal axis B. The tecth 430 are arranged in a row. In an
embodiment, the teeth 430 are mutually spaced. A plurality of troughs 432 are interposed
between the teeth 430. In an embodiment, the teeth 430 are identical.

In an embodiment, the depth of the troughs 432 may vary from the coupling end 28
to the free end 26. The depth of the troughs 432 may increase from the coupling end 28 to the
free end 26. In an further embodiment, the spacing between each pair of tecth 430 may vary.
The spacing between each pair of teeth 430 may increase from the coupling end 28 to the free
end 26. Alternatively, the spacing between each pair of teeth 430 may decrease from the
coupling end 28 to the free end 26.

In an embodiment, the tecth 430 are positioned adjacent the free end 26 and spaced
from the coupling end 28 of the blade 16. The trailing edge 20 is linear from the row of teeth
430 to the coupling end 28. In alternate embodiment, the teeth 430 extend from the free end
26 to the coupling end 28. In a further embodiment, the teeth 430 are positioned adjacent the
coupling end 28 and spaced from the free end 26. The trailing edge 20 is linear from the free
end 26 to the row of teeth 430. In yet a further embodiment, the teeth 430 are spaced from
coupling end 28 and spaced from the free end 26. The trailing edge 20 is linear from the row

of teeth 430 to the coupling end 28 and to the free end 26.
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The free end 431 of each tooth 430 is pointed. In an embodiment, the free end 431 of
each tooth 430 is rounded. The sides 433 of each tooth 430 may be mutually inclined. The
width of each tooth 430 may decrease from the first flow guide face 22 and the second guide
flow face 24 to the free end 431. In an embodiment, the width of each tooth 430 may
substantially decrease from the first flow guide face 22 and the second guide flow face 24 to
the free end 431. In an embodiment, each tooth 430 has a decreasing thickness from the first
flow guide face 22 and the second guide flow face 24 to the free end 431. In an alternate
embodiment, each tooth 430 has a uniform thickness from the blade 16 to the free end 431.

Figs. SA-5C illustrates a fifth embodiment of the fan 10. The fan 10 has a hub 12 with
a forward projecting front portion 14. The forward portion 14 is shaped as a truncated cone.
The rear portion 32 has a coupling means 34 for coupling to a rotor shaft or a motor. The free
end 26 of each blade has a convex curvature. The free end 26 is concentric with the side
portion 15 of the hub 14. Each blade 16 has a substantially constant width from the coupling
end 28 to the free end 26. The leading edge 18 is substantially parallel to the trailing edge 20.
The first flow guide face 22 and the second guide flow face 24 are each substantially constant
in width from the coupling end 28 to the free end 26. In an embodiment, the length of the
blade 16 from the coupling end 28 to the free end 26 has a greater magnitude than the
diameter of the hub 14.

The cross-section of each blade 16 is shaped as an airfoil. The first flow guide face 22
and the second guide flow face 24 are contiguous at the leading edge 18. The first flow guide
face 22 and the second guide flow face 24 are contiguous at the trailing edge 20.

The at least one flow element 530 extends transversely across the blade 16. The at
least one flow element 530 is a rib 530 extending transversely across each blade 16. Rib 530
is a raised structure positioned on the blade 16.

Rib 530 extends substantially perpendicular to the longitudinal axis B. The rib 530
encircles the blade 16. The rib 530 extends across the first flow guide face 22 and
substantially extends transversely on the first flow guide face 22. Rib 530 follows convex
curvature of the first flow guide face 22. The rib 530 extends across the second guide flow
face 24 and substantially extends transversely on the second guide flow face 24. Rib 530

follows the planar form of the second flow guide face 24. In an embodiment, rib 530 follows
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concave curvature of the second guide flow face 24.

Rib 530 extends across the leading edge 18. Rib is curved at the leading edge 18. Rib
530 extends across the trailing edge 20. In an embodiment, rib 530 is linear at the trailing
edge 20. In alternate embodiment, rib 530 is curved at the trailing edge 20

In an embodiment, the blade 16 has two ribs 530. A first rib 530 is spaced from a
second rib 530. The first rib 530 is positioned proximate to the side portion 15 and distal to
the free end 26. The second rib 530 is positioned distal to the side portion 15 and proximate
to the free end 26. In an alternate embodiment, the blade has a single rib 530. The rib 530 is
positioned centrally on the blade 16. The rib is 530 equidistant from the side portion 15 and
the free end 26.

The features of the specific embodiments of the fans 10 may be combined. In
particular, the fan 10 may have a combination of the flow elements 130, 230, 330, 430, 530
provided on the plurality of blades 16. The plurality of crests 130 may be combined with the
rib 530. The plurality of crests 130 may be combined with one of the teeth 230, 330, 430. The
plurality of crests 130 may be combined with the rib 530 and one of the teeth 230, 330, 430.
The rib 530 may be combined with one of the teeth 230, 330, 430.

Figs. 6 to 9 show fan guard 50 in specific embodiments. The fan guard 50 is
configured to accommodate the fan 10. The fan guard 50 has a shroud 52 and a grid cover 54.
Shroud 52 enables air to be channelled therethrough. The shroud 52 is elongated. In an
embodiment, the shroud 52 is cylindrical. Shroud 52 has a first aperture 56 and a second
aperture 58. In an embodiment, air may enter into the shroud 52 through the first aperture 56
and exit the shroud 52 through the second aperture 58. In an alternate embodiment, air may
enter into the body 52 through the second aperture 58 and exit the body 52 through the first
aperture 56. Shroud 52 has an external wall 61 and an internal wall 63. The internal wall 63 is
concentric to the external wall 61.

Shroud 52 has a conduit 60. The conduit 60 is defined by an internal wall 63 of the
shroud 52. Conduit 60 extends between the first aperture 56 and the second aperture 58. In an
embodiment, conduit 60 has a circular cross section. The shroud 52 has a constricting section
162, 262, 362, 462. In an cmbodiment, the constricting section 162, 262, 362, 462 is

configured to restrict airflow moving from the first aperture 56 to the second aperture 58. In
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an alternate embodiment, the constricting section 162, 262, 362, 462 is configured to restrict
airflow moving from the second aperture 58 to the first aperture 56

In an embodiment, the constricting section 162, 262, 362, 462 has a reduced diameter
relative to a diameter of the rest of the conduit 60. In an alternative embodiment, the
constricting section 162, 262, 362, 462 has a greater diameter relative to a diameter of the rest
of the conduit 60.

The grid cover 54 is positioned in the shroud 52. In an embodiment, the grid cover 54
is positioned between the first and second apertures 56, 58. The grid cover 54 has air flow
openings 64 for flow of air into the shroud 52. In an embodiment, the air flow openings 64
have a H equal to, or below, the limit imposed by Standard(s)-IEC 60335-1:2001. The grid
cover 54 has a nose 66 for providing a spacer for the fan 10. The nose 66 is positioned in the
center of the grid cover 54.

Figs. 6A — 6B illustrate a first embodiment of the fan guard 50. Constricting section
162 is positioned in the conduit 60. Constricting section 162 is an annular protuberance 63
configured to initially decrease the diameter of the conduit 60 and subsequently increase the
diameter of the conduit 60. The protuberance may be hump shaped. The protruberance is a
reverse semi-airfoil. The constricting section 162 projects into the conduit 60. In an
embodiment, the constricting section 162 is a projection of the internal wall 63 of the shroud
52 into the conduit 60. In an alternate embodiment, the constricting section 162 is a body that
is mounted to the internal wall 63 of the shroud 52.

The constricting section 162 has a first portion 68 and a second portion 70. The first
and second portions 68, 70 are contiguous. The first portion 68 has an increasing radial length
65. The first portion 68 increases in radial length 65 from a first end 67 to an apex 71. The
second portion 70 has a decreasing radial length 65. The second portion 70 decreases in radial
length 65 from the apex 71 to a second end 69. The radial length 65 is the distance from the
internal wall 63 to the external wall 61. In the embodiment of a mounted constricting section
162 the radial length is a distance from the external wall 61 to the surface of the mounted
constricting section 162 projecting into the conduit 60.

With reference to the airflow path from the first aperture 56 to the second aperture 58,

the conduit 60 decreases in diameter along the first portion 68 from the first end 67 to the



10

15

20

25

30

WO 2020/008007 PCT/EP2019/068042

13

apex 71 of the constricting section 162. The conduit 60 increases in diameter along the
second portion 68 from the apex 71 to the second end 69 of the constricting section 162.

In an embodiment, the constricting section 162 is positioned between the first aperture
56 and the second aperture 58. The constricting section 162 may be spaced from the first
aperture 56 and the second aperture 58. The constricting section 162 may be positioned such
that the first or the second end 67, 69 is adjacent the first or the second aperture 56, 58. The
first aperture 56 has substantially the same diameter relative to the diameter of the second
aperture 58.

In an embodiment, the constricting section 162 is positioned between the grid cover
54 and the second aperture 58. The grid cover 54 is positioned at the first aperture 56. The
first end 67 of the constricting section 162 is spaced from the first aperture 56. The second
end 69 of the constricting section 162 is positioned at the second aperture 58. In an alternate
embodiment, the constricting section 162 is positioned between the grid cover 54 and the first
aperture 56. The first end 67 of the constricting section 162 is positioned at the first aperture
56.

The first portion 68 has a reduced axial length relative to the second portion 70 with
respect to the longitudinal axis of the shroud 52. The first portion 68 has a higher degree of
curvature relative to the second portion 70. The increased curvature serves to generate a
depression in the area of the second portion 70, having the lesser curvature, so as increase
suction in the shroud 52.

In an embodiment, at the second portion, the internal wall 63 is inclined relative to the
external wall 61 by an angle of about 5 degrees. The inclination angle promote pressure
recovery and avoid separation of air flow.

Figs. 7A — 7B illustrate a second embodiment of the fan guard 50. Constricting
section 262 is positioned in the conduit 60. The constricting section 262 is positioned
adjacent the first aperture 56. Constricting section 262 extends from the first aperture 56 to an
end of the internal wall 63. Constricting section 262 is an annular inclined surface 261
configured to decrease the diameter of the conduit 60 along the constricting section 262 up to
a constant diameter. The conduit 60 has a constant diameter along the internal wall 63. In an

embodiment, the constricting section 262 is contiguous with the first aperture 56. The first
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aperture 56 has substantially the same diameter relative to the diameter of the second aperture
S8.

The annular inclined surface 261 of the constricting section 262 is inclined relative to
the internal wall 63 of the shroud 52. The annular inclined surface 261 constricting section
262 is inclined relative to the external wall 61. The constricting section 262 has an increasing
radial length 65a from the first aperture 56 to a constant radial length 65b. The constricting
section 262 has an increasing radial length 65 from the first aperture 56 to the internal wall
63. The radial length 65 along the internal wall 63 is substantially constant. With reference to
the airflow path from the first aperture 56 to the second aperture 58, the conduit 60 decreases
in diameter along the constricting section 262 from the first aperture 56 to the internal wall
63.

In an embodiment, the grid cover 54 is interposed between the internal wall 63 and
the constricting section 262. The constricting section 262 is positioned between the first
aperture 56 and the grid cover 54. The constricting section 262 has an increasing radial length
65 from the first aperture 56 to the grid cover 54. The conduit 60 decrecases in diameter along
the constricting section 262 from the first aperture 56 to the grid cover 54. The conduit 60 has
a substantially constant diameter from the grid cover 54 to the second aperture 58.

Figs. 8A — 8B illustrate a third embodiment of the fan guard 50. Constricting section
362 is positioned in the conduit 60. The constricting section 362 is positioned adjacent the
first aperture 56. Constricting section 362 extends from the first aperture 56 to the internal
wall 63. Constricting section 362 is an annular curved surface 361 configured to decrease the
diameter of the conduit 60 along the constricting section 362 up to a constant diameter. The
conduit 60 has a constant diameter along the internal wall 63. In an embodiment, the
constricting section 362 is contiguous with the first aperture 56. The first aperture 56 has
substantially the same diameter relative to the diameter of the second aperture 58.

The constricting section 362 is an annular curved surface 361 with a convex
curvature. The annular curved surface 361 faces into the conduit 60. The constricting section
362 has an increasing radial length 65a from the first aperture 56 to a constant radial length
65b. The constricting section 362 has an increasing radial length 65 from the first aperture 56

to the internal wall 63. The radial length 65 along the internal wall 63 is substantially



10

15

20

25

30

WO 2020/008007 PCT/EP2019/068042

15

constant. With reference to the airflow path from the first aperture 56 to the second aperture
58, the conduit 60 decreases in diameter along the constricting section 362 from the first
aperture 56 to the internal wall 63.

In an embodiment, the grid cover 54 is interposed between the internal wall 63 and
the constricting section 362. The constricting section 362 is positioned between the first
aperture 56 and the grid cover 54. The constricting section 362 has an increasing radial length
65 from the first aperture 56 to the grid cover 54. The conduit 60 decreases in diameter along
the constricting section 362 from the first aperture 56 to the grid cover 54. The conduit 60
has a substantially constant diameter from the grid cover 54 to the second aperture 58.

Figs. 9A — 9B illustrate a fourth embodiment of the fan guard 50. The constricting
section 462 is an extension of the shroud 52. The constricting section 462 is an outwardly
flared extension. Constricting section 462 has an internal flared surface 461 and an external
flared surface 463. The internal flared surface 461 and the external flared surface 463 are
mutually parallel. The constricting section 462 has a constant radial length 65. Constricting
section 462 is horn-shaped.

Constricting section 462 extends from the first aperture 56 to an end of the internal
wall 63. The conduit 60 decreases in diameter from the first aperture 56 along the constricting
section 462 up to a constant diameter. The conduit 60 has a constant diameter along the
internal wall 63. In an embodiment, the constricting section 462 is contiguous with the first
aperture 56. The first aperture 56 has a greater diameter relative to the diameter of the second
aperture 58. First aperture 56 has a greater diameter relative to the diameter of the conduit 60
along the internal wall 63. With reference to the airflow path from the first aperture 56 to the
second aperture 58, the conduit 60 decreases in diameter along the constricting section 462
from the first aperture 56 to the internal wall 63.

In an embodiment, the grid cover 54 is interposed between the internal wall 63 and
the constricting section 462. The constricting section 462 is positioned between the first
aperture 56 and the grid cover 54. The constricting section 462 has a constant radial length 65
from the first aperture 56 to the grid cover 54. The conduit 60 decreases in diameter along the
constricting section 462 from the first aperture 56 to the grid cover 54. The conduit 60 has a

substantially constant diameter from the grid cover 54 to the second aperture 58.
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Fig. 10 illustrates a motor cooling assembly 100. The motor cooling assembly 100
comprises the axial flow fan 10. The axial flow fan 10 in encompassed in a known fan guard
50. The motor cooling assembly 100 comprises the fan guard 50. The fan guard 50
encompasses a known axial flown fan 10.

The motor cooling assembly 100 comprises the axial flow fan 10 and the fan guard
50. The axial flow fan 10 is positioned in the conduit 60. The axial flow fan 10 is positioned
between the first and the second aperture 56, 58. In an embodiment, the axial flow fan 10 is
positioned in the conduit 60 between the grid cover 54 and the second aperture 58. The axial
flow fan 10 is positioned to draw air into the conduit 60 from the first aperture 56. The fan
assembly 100 further comprises a motor 102. The axial flow fan 10 is mounted to the motor
102. In an embodiment, the motor is an electric motor. The electric motor may be provided
with a variable frequency drive.

The skilled person would appreciate that foregoing embodiments may be modified or
combined to obtain the fan 10, fan guard 50 and the fan assembly 100 of the present
disclosure.

Industrial Applicability

This disclosure describes an axial flow fan 10 and a fan guard 50. The axial flow fan
10 having blades 16 that are configured to reduce turbulence in the flow of air. The reduction
of turbulence enables for a reduction of sound being emitted from the cooling system. The
fan guard 50 has a constriction section that enables an increase of the flow rate between the
first and the second apertures. The increase in flow rate is coupled with the reduction in
turbulence. Head losses is minimized in the fan guard 50 thereby reducing energy losses.

The cover 54 of the fan guard 50 has a grid with air flow openings 64 that are aligned
with the rotation of the air flow generated by the axial flow fan 10.

Accordingly, this disclosure includes all modifications and equivalents of the subject
matter recited in the claims appended hereto as permitted by applicable law. Moreover, any
combination of the above-described elements in all possible variations thereof is
encompassed by the disclosure unless otherwise indicated herein.

Where technical features mentioned in any claim are followed by reference signs, the

reference signs have been included for the sole purpose of increasing the intelligibility of the
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claims and accordingly, neither the reference signs nor their absence have any limiting effect
on the technical features as described above or on the scope of any claim elements.

One skilled in the art will realise the disclosure may be embodied in other specific
forms without departing from the disclosure or essential characteristics thereof. The
foregoing embodiments are therefore to be considered in all respects illustrative rather than
limiting of the disclosure described herein. Scope of the invention is thus indicated by the
appended claims, rather than the foregoing description, and all changes that come within the
meaning and range of equivalence of the claims are therefore intended to be embraced

therein.
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Claims

L.

A fan guard (50) for a motor cooling system, the fan guard (50) comprising:

a shroud (52) having a conduit (60) extending between a first aperture (56) and a
second aperture (58), the shroud (52) having a constricting section (162, 262, 362, 462)
configured to restrict airflow moving from the first aperture (56) to the second aperture

(58).

The fan guard (50) of claim 1 wherein the constricting section (162) is positioned in the
conduit (60), the constricting section (162) being an annular protuberance having a first
portion (68) with an increasing radial length (65) and a second portion (70) with a
decreasing radial height (65) wherein the first and second portions are contiguous (68,

70).

The fan guard (50) of claim 1 wherein the constricting section (262, 362) is positioned in
the conduit (60) adjacent the first aperture (56), the constricting section (262, 362) having
an increasing radial length (65) from the first aperture (56) to an internal wall (63) of the
shroud (52).

The fan guard (50) of claim 2 wherein the constricting section (262) is an annular inclined
surface, the annular inclined surface being inclined relative to the internal wall (63) of the

shroud (52).

The fan guard (50) of claim 3 wherein the constricting section (362) is an annular convex

surface, the annular convex surface facing the conduit (60).

The fan guard (50) of claims 4 or 5 wherein the constricting section (262, 362) is

contiguous with the first aperture (56).

The fan guard (50) of claim 1 wherein the constricting section (462) is an outwardly
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14.

15.
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flared projection extending from the shroud (52).

An axial flow fan (10) for a motor cooling system, the axial flow fan (10) comprising:

a hub (12) having a rotational axis (A);

a plurality of blades (16) extending radially from the hub (12), each blade (16) having
a leading edge (18) and a trailing edge (20) wherein each blade (16) has at least one flow
element (130, 230, 330, 430, 530) for reducing turbulence of air flow.

The axial flow fan (10) of claim 8 wherein the element (130) is a plurality crests (130)

positioned at the leading edge (18).

The axial flow fan (10) of claims 8 or 9 wherein the flow element (230, 330, 430) is a

plurality of teeth positioned at the trailing edge (20).

The axial flow fan (10) of claims 8, 9 or 10 of wherein the flow element (530) is a rib

(530) extending transversely across each blade (16).

The axial flow fan (10) of claim 11 wherein the rib (530) encircles the blade (16).

The axial flow fan (10) of claims 11 or 12 wherein the rib (530) is curved at the leading

edge (18) and is linear at the trailing edge (20).

A motor cooling system (100) comprising:
an axial flow fan (10) of any one of claims 8 to 13; and/or

a fan guard (50) of anyone of claims 1 to 7.

The motor cooling system (100) wherein the axial flow fan (10) is positioned in the fan

guard (50) and wherein the axial flow fan (10) is mounted to a motor.



WO 2020/008007 PCT/EP2019/068042




WO 2020/008007 PCT/EP2019/068042

2/10




WO 2020/008007 PCT/EP2019/068042

3/10




PCT/EP2019/068042

WO 2020/008007

4/10

:\Mﬂ







PCT/EP2019/068042

WO 2020/008007

6/10

66

;179 68

%
65—




PCT/EP2019/068042

WO 2020/008007

7/10

,:,9 7B

262

¥——261

60 —

58—



PCT/EP2019/068042

WO 2020/008007

8/10

66

,:,9 85

362

¥——361

60 —

58—



PCT/EP2019/068042

WO 2020/008007

9/10

— 66

461




WO 2020/008007

10/10

7102 —

58—

00

.
a1

INEREN

NN

N

PCT/EP2019/068042

700

/

N

JIEANTN N TN

;=79 10

N




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2019/068042
A. CLASSIFICATION OF SUBJECT MATTER
INV. FO4D29/54 FO4D29/66 FO4D29/70 HO2K9/06 FO4D29/38
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

FO4D HOZK

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X CN 102 478 027 B (DELTA ELECTRONICS INC) 1-7,14,
3 June 2015 (2015-06-03) 15
figures 2A, 2B, 3, 5, 6

X CN 102 182 698 A (BEIJING HONEST BOOM 1-7,14,
SOUND TECHNOLOGY CO LTD) 15
14 September 2011 (2011-09-14)
figure 2

X WO 02/053919 Al (DAIKIN IND LTD [JP]) 1-7,14,
11 July 2002 (2002-07-11) 15
figures 17C, 17D

X JP 2004 068611 A (SUIDEN CO LTD) 1,3,5-7,
4 March 2004 (2004-03-04) 14,15
figures 1, 3

_/ -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

2 September 2019

Date of mailing of the international search report

06/09/2019

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Gombert, Ralf

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2019/068042

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

JP 2017 070337 A (HITACHI MAXELL)

13 April 2017 (2017-04-13)

figures 1, 9, 10

CN 105 736 425 B (ZHEJIANG SCI-TECH UNIV)
12 December 2017 (2017-12-12)

figures 1-3, 5

WO 20137131641 A2 (ZIEHL ABEGG AG [DE])
12 September 2013 (2013-09-12)

figures 1, 2, 4

CN 202 391 808 U (GUANGDONG MIDEA
ELECTRICAL EQUIPMENT CO LTD)

22 August 2012 (2012-08-22)

figure 3

JP S58 67999 A (HITACHI LTD)

22 April 1983 (1983-04-22)

figures 1, 2

1-15

1-15

1-15

8,9

1-15

Form PCT/ISA/210 (col

ntinuation of second sheet) (April 2005)

page 2 of 2




International application No.
INTERNATIONAL SEARCH REPORT PCT/EP2015/068042
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.
3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers

only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ EP2019/ 068042

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-15
Axial flow fan
1.1. claims: 1-7, 14, 15
Fan guard with contoured shroud

1.2. claims: 8-13

Axial flow fan having blades with auxiliary flow elements




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2019/068042
Patent document Publication Patent family Publication

cited in search report date member(s) date

CN 102478027 B 03-06-2015  NONE

CN 102182698 A 14-09-2011  NONE

WO 02053919 Al 11-07-2002 AU 2002221045 B2 06-10-2005
CN 1406319 A 26-03-2003
DE 60121222 T2 16-05-2007
EP 1357296 Al 29-10-2003
ES 2266106 T3 01-03-2007
HK 1053689 Al 30-12-2005
W 517825 U 11-01-2003
WO 02053919 Al 11-07-2002

JP 2004068611 A 04-03-2004  JP 3725846 B2 14-12-2005
JP 2004068611 A 04-03-2004

JP 2017070337 A 13-04-2017 CN 106560115 A 12-04-2017
JP 2017070337 A 13-04-2017

CN 105736425 B 12-12-2017  NONE

WO 2013131641 A2 12-09-2013 CN 104302926 A 21-01-2015
DE 102012004617 Al 12-09-2013
EP 2823184 A2 14-01-2015
JP 2015509567 A 30-03-2015
RU 2014140100 A 27-04-2016
US 2015023791 Al 22-01-2015
WO 2013131641 A2 12-09-2013

CN 202391808 U 22-08-2012  NONE

JP $5867999 A 22-04-1983  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report
	Page 34 - wo-search-report
	Page 35 - wo-search-report

