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ABSTRACT OF THE DISCLOSURE
A bypass discharge motor assembly with improved noise reduction includes a motor
assembly having a rotatable shaft. A working air fan assembly and a cooling fan are rotated
by the shaft. A cooling fan housing is éoupled to the motor assembly and partially encloses

the cooling fan. The cooling fan housing has at least one radial air entry part for radially

receiving cooling air drawn into the housing by the cooling fan.
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MOTOR COOLING FAN HOUSING WITH MUFFLER

TECHNICAL FIELD
The invention herein resides in the art of dynamo-eleciric machines such as by-pass
vacuum motors, wherein separate sources for working air and motor cooling air are
provided. In such devices, one fan system is typically provided to move the working air
while another fari system draws ambient air over the motor for cooling the motor’s
windings. In particular, the invention relates to a motor cooling fan housing with é muffler
which provides for radial inflow of cooling air so as to significantly reduce the amount of

noise generated by the motor cooling fan.

BACKGROUND ART

By-pass vacuum motors are well-known 1n the art. Bys way of example only, wet

‘vacuums are known wherein working air is entrained with water extracted from the surface.

Since the working air is entrained with foreign matter, such as water and dirt, a separate fan
1s provided for purposes of geherating airflow over the motor for cooling the same. Ifthe
motor is not cooled, the life of the motor is significantly reduced.

As with all vacuum motors, the operating noise levels associated therewith have
always been a concern. Such noise is generally attributed to the fan tips passing by fixed
elements in the fan and adjacent structufe. Not only is the generated noise objectionable .
acoustically, it also represents wasted energy. Accordingly, it is desirable to reduce the
amount of noise in vacuum motors:

Previously, it has been known to maintain the motor in a housihg separate from the
fan assembly for drawing in the working air. Maintained upon the motor housing 1S
typically a motor cooling fan housing that receives a fan for drawing cboling air across the
motor. One advancement in reducing cooling fan noise is exemplified in U.S. Patent No.
4,684,835, which is incorporated herein by reference. Inthe aforementioned patent, the air
is drawn axially in through the motor cooling fan housing by the motor cooling fan. The
inventive concept in this patent is directed'to the radially-directed and tapered configuration
of the air inlets with respect to the cooling fan. Although this has been found to be an
improvement over the art, the air is still drawn in axially and, as\ such, noise easily emanates

from the cooling fan and surrounding housing,
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Accordingly, there is a need in the art for a motor cooling fan housing m which the
air inlets accommodate the air flow from outside the housing into the motor with reduced

turbulence, perturbations, air vortex shedding, and resultant noise.

S : ' DISCLOSURE OF INVENTION

In light of the foregoing, it is thus an aspect of the present invention to provide a
motor cooling fan housing having radial air inlets which are positioned above the motor
cooling fan.

It is another aspect of the present invention to provide a motor cooling fan housing,

10 asset forth above, wherein the cooling fan housing includes a muffler which is positioned
in a plane above the cooling fan and which draws ambient air in radially to an area above
the cooling fan and which then draws the gathered air in axially.

Tt is a further aspect of the present invention, as set forth above, wherein the muffler
includes a plurality of vanes/ extending from a top plate to form radial air entry ports

15 between the adjacent vanes. ‘

It is yet' another aspect of the present invention, as set forth above, to conﬁgure the
vanes such that each has an outer radial portion which is concentrically aligned with the top
plate’s outer pefiphery, zind an inner radial portion extending in toward the top plate’s center
from the- outer radial portion. . ' ' '

20 It 1s yet another aspect of the presetit invention, as set forth above, to provide a
muffler in either a unitary configuration such that it can be adapted to existing cooling fan
motor housings, or to provide a muffler that is integral with the cooling fan motor housing.

It 1s still another aspect of the present invention, as set forth above, to provide_ the
muffler with a fan plate substantially parallel to the top plate and wherein a plurality of

25 outer periphery walls connect the fan plate to the top plate and wherein an outer curvilinear
“wall extends inwardly from a corresponding outer periphery wall.

[t 1s still a further aspect of the prcsent*‘invention, as set forth above, wherein each

curvilinear wall extends inwardly from the corresponding outer periphery wall such that the

radial air entry port is continuous with a flow opening centrally disposed between the fan

30 plate and the top plate. |
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It is an additional aspect of tho present invention, as set forth above, wherein the fan
plate has a plurality of notches that are contiguous with the flow opening and wherein each
notch is positioned between adjacent curvilinear walls.

The foregoing and other aspects of the present invention, which shall become apparent
as the detailed description proceeds, are achieved by a bypass discharge motor assembly
with imp'roved noise reduction including a motor assembly having a rotatable shaft, a
working air fan assembly rotated by the shaft, a cooling fan rotated by the shaft, and a

cooling fan housing coupled to the motor assernbly and partially enclosing the cooling fan,

~ the cooling fan housing having at least one radial air entry port for radialiy receiving cooling

air drawn into the housing by the cooling fan.

Other aspects of the present invention are attained by a muffler for motor assemblies
that include a cooling fan comprising a top plate and a plurality of vanes extending from the
top plate wherein adjacent #anos form a radial air entry port therebetween. .

Sﬁl;l another object of the present invention is attained by a cooling fan housing for
motor assemblies that include a cooling fan, including a sidewall and a muffler integrally
extending froin the sidewall, the muffler having at least one radial air entry port for
receiving air drawn into the housing by the cooling fan.

Thé:se and other objects of the present invention, as well as the advantages thereof
over existing prior art forms, which will become apparent from the description to follow,

are accomplished by the improvements hereinafter described and olairned.

BRIEF DESCRIPTION OF THE DRAWINGS

Foracomplete understanding of the objects, techniques and structure of the invention,
reference :should be made to the following detailed description and accomp anying drawings,
wherein: .

Figi 1 is an elevational view of a bypass discharge motor assembly shown in partial
cross-section; .

~ Fig. 2 is a side elevational view of a unitary muffler adaptable to a cooling fan
housing; '

Fig. 3 is a top perspective view of the muffler, partially broken away, shown in Fig.
2;

Fig. 4 is a bottom plan view of the muffler, partially broken away, shown in Fig. 2;
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Fig. 5 1s a top perspective view of a motor cooling fan housing with an integral

muffler; and

Fig. 6 is a bottom perspective view of the motor cooling fan housing shown in Fig.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring now to Figs. 1-4, it can be seen that a-bypass discharge motor assembly is
designated generally by the numeral 10. The assembly 10 includes a working air fan
assembly designated generally by the numeral 12. The assembly 12 is axially positioned
with respect to a motor housing 14 which includes a motor 16 that rotates a shaft 18, as1s
well-known 1n the art. A cooling fan housing, designated generally by the numeral 20, is
coupled to the motor housing 14 dpposite the working air fan assembly 12. The assembly
12 includes working air fans 22 and, if required, a stationary fan 24. The fans 22 and '24 are
enclosed by a shroud 26 that provides an air inlet 28. On energization of the motor 16, the
shaft 18 rotates the working air fans 22 and draws in working air through the air inlet 28.
The working air is then 'driveh'out by the fans 22 through a discharge 30 for use in the
appropriate equipment. ‘

The cooling fan housing 20 is securabxlly attached to the motor housing 14 and
encloses the cooling fan 32. As noted in the description of the prior art, the cooling fan
housing 32 has a plurality of axial openings 34 for drawing air into the motor.h_ousing 14
through the cooling fan housing 20. Th'ese axial openings are all within the periphery of the
cooling fan 32. The housing 20 has an inset angular channel 36. Thefhousing33 14 and 20

include a plurality of outflow holes 36 for the purpose of disbursing the cooling air after it

has passed over the motor windings.

As best seen in F 1gs. 2-4, a radial inflow cooling fan housing adapter, designated
generally by the numeral 40, 1s coupled to the motor cooling fan housing 20. The adapter
40 may be secured to the fan housing 20 by eitﬁei' a friction fit, or by mechanical fasteners,
such as screws, clips, or their functional equivalent. The adapter 40 iﬁcludes a muffler 42
which is positioned above the plane of the cooling fan housing 20. The muffler includes a
top plate 44 which hés an outer periphery 46 and an exposed surface 48 facing away from
cooling fan 32. The top plate 44 also provides an inner surface 50 that faces the cooling fan

32. A fan plate 54 extends from the muffler 42, wherein the fan plate is substantially
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parallel to said top plate 44. Extending downwardly and substantially perpendicularly from
said fan plate 54 1s a side wall 56. A plurality of friction ribs 58 may be disposed on the
external or internal surface of the side wall 56 for the purpose of coupling the adapter to the
fan housing 20. Indeed, as seen 1n Fig. 1, the side wall 56 may be received in the annular
channel 36. _ ‘

The muffler 42 includes a plurality of uniformly disposed radial air entry ports
designated generally by the numeral 60. Each radial air entry port 60 is radially positioned
about the rﬁufﬂer 42 so as to initially pull cooling air into the cooling fan housing in a radial
direction and then re-direct the air in an axial direction through the housings. The ports 60
are formed between the top plate 44 and the fan plate 54 having disposed therebetween a
plurality of vanes 62 which extend curviliriearly inwardly from the outer periphery 46. Each
vane 62 includes an outer radial portion 64 which is concentrically aligned with the outer
periphery 46. Préferably, the outer radial portion 64 matches the outer:'periphery of the top
plate 44, but the radial portion 64 may be smaller in diameter than the top plate. In 'any
event, each outer radial portion 64 extends into an inner guide portion 66 whibh extends
inwardly from the outer periphery 46 toward the center of the top plate 44. The inner guide
portions 66 terminate prior to reaching the center of the top plate 44 so as to form a central
chamber;68. It will be appreciated that the positioning and curvature of the portions 64 and
66 may be adjusted to maximize the airflow through the housings while also minimizing the
amount of noise generated by the cooling fan 32. The ports 60 aré further defined inasmuch
as each outer radial portion has an inclined edge 70 extending between the plates 44 and 54.
And a pdrt edge 72 extends perpendicularly inwardly from the outer periphery toward the
center of the top pléte. .

. In use, the adapter 40 may be installed on to the cooling fan housing 20 with a simple
friction fit between the two elements. It will be appreciated that the fan plate 54 is
employed to ensure that the muffler 42 i1s maintained 1n a plane above the cooling fan 32.
As the cooling fan 32 rotates, air is pulled in through the ports 60 and guided by the vanes
62 into the central chamber 68. As the air collects and swirls within the central chamber 68,
it is then drawn in axially by the cooling fan 32 and exhausted over the motor windings
which are the pnimary heat generating elemenis within the motor 16. The cooling air
dissipates the heat generated by the windings and is exhausted out through the holes 36. It

has been found that the adapter 40 and its related configurations reduce the amount of noise
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generated by cooling fans of prior art by about 2dB. This is a significant imp-rovement In
the art. The adapter 40 1s especially suited for modifying existing motor assemblies already
in the ﬁe_ld.

Referring now to Figs. 5 and 6, 1t can be seen that a radial inflow cooling fan housing

- 1s designated generally by the numeral 100. The housing 100 is different from the adapter

in that the radial entry ports and related muffler components are integral with the cooling

- fanhousing. The housing 100 includes a muffler, designated generally by the numeral 102.

Extending downwardly from the muffler 102 is a fan chamber wall 104 from which extends
a chamfer 106 from which further extends a side wall 108. Extendirig from the chamfer
106, at opposed ends, are a pair brush holders 110 which hold a pair of 'carbon bmshes-used
In operaﬁon of the moth assembly 16.

The muffler 102 includes a top plate 112 which has a periodic, downwardly extending
outer periphery wall 114. The top plate 112 provides an exposed surface 116 that faces
away from the cooling fan 32. Opposite the exposed surface is the inner surface 113 best
seen in Fig. 6. ' '

\ Radially disposed about the muffler 102 aré a plurality of radial air éntry. ports
designated generally by the numeral 120. In much the same w'ay as described 1n the
Oper‘ation of the mufﬂer 42, rotation of the cooling fan 32 draws air in radially first and then
collects within the muffler 102 for axial movement by the cooling fan. The toé plate 112

may provide a center hole 122 for the primary purpose of allowing access to the shaft 18 1f

- needed. Any noise reduction or airflow benefits attributable to the hole 122, at this time,

are considered to be insignificant.

l The muffler 102 includes a series of outer curvilinear walls 124 which extend from
the top plate 112 to a fan plate 126. The fan plate 126 is substantially parallel with respect
to the top plate 112. And the fan plate 126 extends substantially perpendicular from the fan
chamber wall 104. It will be appreciated that each outer curvilinear wail 124 extends from
a correspbnding outer periphery wall 114 radially inwardly toward the center of the top
plate. A port edge 128 extends perpendicularly inwardly from each outer periphery wall
114 genefally toward the center of the top plate 112. Facing each outer curvilinear wall 124
at the port edge 128 is an inner curvilinear Wall 130 whichis essent,ially‘an oppoSite. surface
of a next adjacent outér curvilinear wall. The inner curvilinear wall 130 extends between

the fan plate and the top plate at the radial air entry port 120. At the outer periphery wall
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114, each inner curvilinear wall 130 provides an inclined edge 134 that extends between the
top plate and the fan plate. _

As best seen in Fig. 6, the curvilinear walls 124,130 extend generally in toward the
center of the top plate along the inner surface 118. Accordmgly, the radial air entry ports
120 extend into the interior of the housmg 100 to a full opening, desxgnated generally by
the numeral 136. The fan plate 126 is provided with a plurality of notches 133 which, I1n
this embodiment, are shaped and are bounded by facing outer and inner curvilinear walls
124, 130. Those skilled in the art will appreciate that the notches 138 may be provided in
any type of shape which facilitates the flow of cooling air and reduces noise generated by
the cooling fan: The inner curvilinear walls 130 and the outer curvilinear walls 124
converge at a ﬁnger 140 prior to the curvilinear walls reaching the center of the top plate
112. The ends of the fingers 140 terminate at a predetermined cencentric area so as to form
an air collection chamber 142. In this instance, the cooling fan is positioned below the fan
plate 126. Accordingly, airis drawn in predonﬁnantly radially from the entry ports 120 and
is then transitioned into an axial direction in the vicinity of the air collection chamber 142.
Although in the preferred ernbodiment, the fan is positioned below the fan plate, it will be
appreciated that ..the heusing eould be configured such that the blades of the cooling fan may
extend into the air collection chamber so as to further improve the airflow characteristics.

With both embodiments, either the integral housing or the unitary adapter
conﬁ'guration the solid top plate provides a natural barrier to sound, while the radial air
entry ports attenuate the sound to the side so that noise is readily dispersed and diminished.
In the mtegral embodxment testmg reveals that there is almost an overall 4.0 dB(A)
reduction in noise over the prior art configurations. It is theorized that by providing the air '
inlets in a position radial with respect to the outer periphery of the cooling fan, that the noise
generated by the fan is primai'ily‘reﬂected back into the motor housing Accordingly, by
placing the air entry ports at a posmon away from the axial or cylmdncal cone of the
cooling fan, noise is contained within the motor housmg while air flow into the cone is then
redirected axially. In other words, the present invention provides radial air entry points that
are positioned away from the normal axial airflow of the cooling fan. It should be

appreciated that by directing the radial air entry flow into the axial airflow of the cooling

fan, that significant noise reduction is realized. It also has been found that by configuring

the positioning and shape of the vanes that airflow is not detrimentally affected.
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Thus, it can be se'en'th.at the objects of the invention have been satisﬁed-by the
structure and its method for use presented above. While in accorddnce with the Patent
Statutes, only the best mode and preferred embodiment has been presénted and described
In detail, it is to be understood that the invention is not limited thereto or thereby.
Accordingly, for an appreciation of true scope and breadth of the invention, reference should

be made to the following claims.
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9.

What is claimed 1s:

1.

A bypass diécharge motor assembly with improved noise reduction comprising:

a motor assembly having a rotatable shaft;

a working air fan assembly rotated by said shatft;

a cooling fan rotated by said shaft; and

a cooling fan housing coupled to said motor assembly and partially enclosing
said cooling fan, said cooling fan housing having at least one radial air entry port for

radially receiving cooling air drawn into said housing by said cooling fan.

The assembly according to claim 1, wherein said cooling fan housing comprises a
unitary muffler secured to said housing, said unitary muffler having a plurality of said

radial air entry ports.

The assembly according to claim 2, wherein said muffler comprises:

a top plate; and ' .

a plurality of vanes extending down from said top plate, each said vane having
an outer radial portion which 1s aligned with said top plate’s outer periphery, and an
inher radial portion extending in toward said top plate’s center from said top plate’s
outer periphery, wherein said top plate, said plurality of vanes and said cooling fan

housing form said plurality of radial air entry ports.

The assembly according to claim 1, further comprising:
a mufﬂer integral with said cooling fan housing, said muffler having a plurality
of said radial air entry ports; and '

a pair of opposed brush holders extending from said cooling fan housing.

The assembly according to claim 4, wherein said muffler comprises:

a top plate;
a fan chamber wall;

a plurality of outer periphery walls connecting at least portions of said top plate

~ to said fan chamber wal;

a fan plate substantially parallel with said top plate;
a plurality of outer curvilinear walls connecting said fan plate to said top pl'ate,

each said outer curvilinear wall extending from a corresponding one of said outer
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periphery walls, wherein each outer curvilinear wall extends inwardly from said
corresponding outer periphery wall; and

wherein each said radial air entry port is formed by said top plate, said fan plate,

and one of said outer periphery walls.

The assembly according to claim 5, wherein said fan plate has a flow opening
therethrough substantially concentrically aligned with said cooling fan such that
rotation of said cooling fan draws in cooling air through said radial air entry ports
through said flow opening and exhausts the cooling air over the motor assembly; and

wherein said fan plate has a plurality of notches that are contiguous with said

flow opening, each said notch positioned between adjacent curvilinear walls.

The assembly according to claim 5, wherein said fan plate is positioned below said

top plate and said cooling fan is positioned below said fan plate.

A muffler for motor assemblies that include a cooling fan comprising:

a top piate;

a plurality of vanes extending from said top plate whérein adjacent vanes form
a radial _air entry port therebetween, wherein each said vane has an outer radial portion
which is aligned with said top plate’s outer periphery, and an inner radial portion
extending in toward said top plate’s center from said top plate’s outer periphery; and

a side wall extending from at least a portion of said plurality of vanes, said side

wall adapted for coupling to the motor assembly.

A cooling fan housing for motor assemblies that include a cooling fan, comprising:

a sidewall; ‘

a muffler integrally extending from said sidewall, said muffler having at least
one radial air entry port for receiving air drawn into the housing by the cooling fan,
said muffler comprising:

a top plate;

a fan chamber wall;

a plurality of outer periphery walls connecting at least portions of said top plate

to said fan chamber wall;



CA 02380013 2002-04-02

-11-

a fan plate substantially parallel with said top plate; and
a plurality of outer curVilinear walls connecting said fan plate to said top plate,
each said outer curvilinear wall extending from a corresponding one of said outer

periphery walls, wherein each said outer curvilinear wall extends inwardly from said

corresponding outer periphery wall.

The cooling fan according to claim 9, wherein said fan plate has a flow opening
therethrough substantially concentrically aligned with said cooling fan such that
rotation of said co-oling fan draws in cooling air through said radial air entry ports
through said flow opening and exhausts the cooling air over the motor assembly,
wherein said fan plate has a plurality of notches that are contiguous with said flow
opening, each said notch positioned between adjacent curvilinear walls, and wherein
said fan plate is positioned below said top plate and said cooling fan is positioned

below said fan plate.
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