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SNOW THROWER IMPELLER

CROSS REFERENCE TO RELATED APPLICATION
{6001}  This application claims the priority benefit of U.S. Provisional Patent

Application Serial No. 62/108,116 filed January 27, 2015,

BACKGROUND
I. Field of the Disclosure
[G002] This apphcation relates generally to snow throwing power
equipment, and more specifically to snow throwing power equipment including at least

two stages, the final stage including an impeller with wipers.

2. Description of Related Art

[6663]  Currently available powered snow throwers are generally provided
with mechanisms configured to throw guantities of snow, ice, water, etc. after the
quantities enter a housing at the front of the snow thrower. The mechanisms ofien
mclude impeliers located within an impeller housing. The iropellers and the impeller
housings are typically constructed of metal, and a gap is designed to exist between the
impelier and the impeiler housing to prevent contact between the two structures such
as U.S. Patent No. 7,121,021, This gap allows snow, ice, and water to accumulate in
the gap, decreasing the efficiency of the impeller.

[3384]  Other snow throwers or material movers can include finear impelier
blades having wipers attached to the impeller blades to lessen the accumudating matenal
between the impeller and the impeller housing such as U.S. Patent No. 7,597,219,
However, the wipers are fixed relative to the impelier blades and cannot account for
imperfections i the mmpeller housing, wear on the wipers, gic.  Accordingly,

improvements to snow thrower impellers are desired.

SUMMARY
[3085]  The following presents a simplified summary in order to provide a
basic understanding of some example aspects of the disclosure. This summary is not
an extensive overview. Moreover, this sumimary s not intended to identify critical

elements of the disclosure nor delineate the scope of the disclosure. The sole purpose
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of the summary is to present some concepts in simplified form as a prelude to the
more detatled description that 1s presented later.,

[60066]  According to one aspect, the subject application involves an
impeller assembly. The impeler assembly includes an impeller located within an
assoctated impeller housing. The associated impeller housing defines an interior wall.
The impelier includes a central axis of rotation and an outer circumference. The
impeller defines a mounting slot. The imapeller includes a hub located about the
central axis of rotation and an tmpeller blade connected to the hub. The impeller
blade extends from the hub toward the ouler circumference. The umpeller assembly
also mecludes a wiper mounted adjacent the iropeller blade. The wiper includes a
wiper portion that slides into the mounting siot to mount the wiper to the impeller.
The wiper contacts the interior wall of the associated impeller housing during
rotational operation of the impeller in order to imit a gap between the impeller blade
and the interior wall.

[6607]  According to another aspect. the subject application involves an
impeller assembly including an impeller located within an associated impeller
housing. The associated impeller housing defines an interior wall. The iropeller
includes a central axis of rotation and an owter circumference. The impeller also
inchudes a hub located about the central axis of rotation. The impeller further includes
an 1mpeller blade connected to the hub. The impeller blade includes a first blade
portion and a second blade portion. The impeller blade extends from the hub toward
the outer circumterence. The saecond blade portion of the impeller blade extends at a
non-zero angle from the first blade portion of the impeller blade.

[6008]  According to another aspect, the subject application involves a
method of improving an efficiency of a snow thrower impelier. The method includes
the step of providing a multiple-stage snow thrower comprising an impeler assembly.
The impelier assembly nchudes an imopeller housing that defines an interior wall. The
impeller assernbly also includes an impeller located within the iropeller housing. The
impeller includes a central axis of rotation and an outer circumference, and the
impeller defines a mounting slot. The impeller includes a hub located about the
central axis of rotation and an impeller blade connected to the hub. The iropeller
blade extends from the hub toward the outer circumference. The impeller assembly
also includes a wiper mounted adjacent the impeller blade. The wiper includes a

wiper portion, and the wiper 13 mounted without the use of fasteners or tools. The
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wiper contacts the interior wall of the impeller assembly during rotational operation of
the impeller in order to himit a gap between the impeller blade and the interior wall.
The method also includes the step of inserting the wiper into the mounting slot by
hand and without the use of tools. The method further includes the step of operating
the impeller by providing a rotational force to the impeller, wherein the wiper

maintaing contact with the interior wall during impeller rotation.

BRIEF DESCRIPTION OF THE DRAWINGS

6009  The foregoing and other aspecis of the present disclosure will
become apparent {0 those skilled 1n the art {o which the present disclosure relates
upon reading the following description with reference to the accompanying drawings,
in which:

(3818}  FIG. 11is aperspective view of a portion of an example snow thrower
according to an aspect of the present disclosure;

6611} FIG. 21s an elevation side view of the portion of the snow thrower of
FIG. 1 including an impeller assermbly;

[60612] FIG 315 an elevation front view of the portion of the snow thrower
of FIG. 1;

[3313]  FIG. 4 is a top view of the impeler assembly of FIG. 2;

{3614}  FIG 5is aside view of the impeller assembly of FIG. 2;

[B015]  FIG. 6 is a perspective view of the impeller assembly of FIG. 2
showing a number of wipers in an outward-most position;

[6016] FIG. 7 is a perspective view of a second embodiment of an impelier
assembly showing a second blade portion swept toward a direction of rotation of the
impeller assembly;

[66177  FIG. 8 1s similar to FIG. 7 showing the second blade portion swept
away from a direction of rotation of the impeller assembly;

[B018]  FIG 915 aperspective view of a wiper used on an impeller assembly
of FIG. 1;

(6619} FIG. 10 shows deformation of a wiper by hand in order to mount the
wiper to an impeller blade:

[66206]  FIG 11 15 a detail view of the impeller assembly of FIG. 7 showing

the wiper in a radially outward-most position;
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6621} FIG. 12 is a perspective view of a third embodiment of an impeller
assembly showing four impeller blades and a wiper woven into each blade;

{60221 FIG 1315 simular to FIG. 12 showing an umpeller with three impeller
blades;

[3323] FIG 14 is a perspective view an example impeller biade from the
impeller assembly of FIG. 12 or FIG. 13; and

[6024]  FIG. 15 1s a perspective view of an example wiper from the impeller

assembly of FIG. 12 or FIG. 13.

DETAILED DESCRIPTION

[6625]  Example embodiments that incorporate one or more aspects of the
present disclosure are described and ilustrated in the drawings. These illustrated
examples are not intended to be a hmitation on the present disclosure. For example,
one or more aspects of the present disclosure can be utilized 1n other embodiments
and even other types of devices. Moreover, certain fermunology is used herein for
convenience only and i3 not to be taken as a limitation on the present disclosure. Still
further, in the drawings, the same reference numerals are emploved for designating
the same elements.

[3326]  FIG. 1 shows a perspective view of a front portion of a powered
snow thrower 20 including an impeller assembly 24 (best seen in FIG. 2) according to
at least one aspect of the present disclosure. It should be understood by one of
ordinary skill in the art that the snow thrower 20 may alternatively include a power
supply such as a cord to receive electrical power, an internal combustion engine, a
rechargeable battery, or any other commuonly known power supplies. The snow
thrower 20 can also include a pair of graspable handies (not shown) attachad to the
power supply that can be used by an operator to contirol the direction and movement
of the snow thrower 20. The snow thrower 20 also includes tracks or a pair of wheels
{(not shown) attached to the power supply for allowing the snow thrower to roll along
the ground while removing accumulated snow.

{6627  The snow thrower 20 is configured to remove piled-up snow and
propels, or throws the snow from a chute 26 to a different location. The chute 26 1s
operatively connected to a housing 28 into which snow, ice, etc. enters the snow
thrower 20 as the snow thrower 20 moves in a forward direction (represenied by

arrow 30}, For the remainder of the disclosure, the snow thrower 20 will be shown



WO 2016/123211 PCT/US2016/015111

and discussed in the form of a multi~stage snow thrower having a first stage auger
device driven on a shaft substantially perpendicular to the direction of travel of the
snow thrower 20, a second stage auger device driven on a shaft substantially paraliel
with the forward direction 30 of the snow thrower 20, and a third stage impeller
device. Itis to be understood that the described impeller assembly 24 can also be
used on snow throwers 20 having two stages, four stages, etc., with the final stage
being the impeller assembly 24, Other exaroples of the snow thrower 20 can include
an accelerator (not shown) that moves snow into the impeller housing 34

[6628]  Asshownin FIGS. 1 and 2, the housing 28 1s a generally semi-
cyhindrical, or C-shaped casing including an impeller housing 34 extending
rearwardly from the central C-shaped portion, wherein the housing 28 is
longitudinally oriented in a fransverse direction relative to the forward direction 30 of
movement of the snow thrower 20. The housing 28 includes an opening 36 1nto
which snow enters the housing 28 and an outlet aperture 38 through which the snow 15
forced to exit the housing 28 into the impeller housing 34,

(6629 Tumimg to FIG. 2, in one example, a distal end of a longitudinal
drive shaft 40 1s connected fo the power supply (not shown) and the opposing end of
the longitudinal drive shaft 40 is operatively connected {0 a gear assembly 44 that is
positioned within the housing 28.

[303¢]  The snow thrower 20 includes at east two augers 46, wherein at
least one auger 46 15 attached to each portion of alateral drive shaft 48 extending
from the gear assembly 44, as shown in FIGS. 1-4. In the dlustrated exemplary
embodiment, one {1} auger 4613 positioned on gach of two portions of the lateral
drive shaft 48 estending froro the gear assernbly 44. It should be understood by one
of ordinary skill in the art that although the illustrated embodiment of a first stage
assembly 50 includes only two augers 46, the first stage assembly 50 can include any
number of augers 46 positioned adjacent o each side of the gear assembly 44 on the
lateral drive shaft 48. The augers 46 can be removably connected to the longitudinal
and lateral drive shafis 40, 48 by way of a connecting mechanism such as a nut-and-
bolt, cotter pin, or the like. The augers 46 are configured to move snow axially along
the lateral drive shaft 48, wherein the augers 46 located on opposing portions of the
iateral drive shaft 48 relative to the gear assembly 44 are configured to move snow in
an opposing manner relative to the augers 46 on the opposing portion of the lateral

drive shaft 48, As such, the augers 46 are configured to move snow, 1ce and other
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material toward the center of the housing 2%, or toward the gear assembly 44 that is
postiioned at or near the center of the housing 28,

(6631} It should be understood by one of ordinary skill in the art that the
augers 46 can be configurad in a corkscrew or spiral shape or orientation relative to
the drive shaft 40, 48 to which they are attached such that rotation of the augers 46
push snow along the axis of rotation of the respective drive shafl. For example, the
augers 46 are configured to rotate and push or transport the snow in the direction from
the side walls of the housing 28 toward the centrally-located gear assembly 44 and
toward the 1impeller housing 34.

[6032]  The snow thrower 20 mncludes the rotatable iropeller assembly 24
operatively connected to the iongitudinal drive shaft 40. The impeller assembly 24
includes an impeller 54 located within an impeller housing 34 which defines an
interior wall 56, as shown in FIGS. 1-2 and 4. The impeller 54 is located on the
longitudinal drive shaft 40 between the auger 46 and the power supply {not shown).
The impelier 54 is configured to receive the snow from the auger 46, and through
rotation of the impeller 54 about the longitudinal drive shaft 40 at a sufficient speed,
the snow is expelled or centrifugally thrown through the chute 26 and away from the
snow thrower 20. In one example, the impeller assembly 24 is removably attached to
the longitudinal drive shaft 40 such that the impeller assembly 24 can be removed and
replaced. The impeller assembly 24 can be attached (o the longitudinal drive shaft 40
with anv attachroent mechanism such as nut-and-bolt, cotter pin, or the like.

[6633]  In one example, the longitudinal drive shaft 40 is powered by the
power supply such that the longitudinal drive shaft rotates between about 50 to about
1500 RPM. In one example, the impeller assembly 24 and the augers 46 are
operatively connected to the iongitudinal drive shaft 40 such that the impeller
assembly 24 and the augers 46 rotate at substantially the same rotational velocity as
the longitudinal drive shaft 40.

[0034]  As shown in FIGS. 2 and 4, the impeller 54 includes a central axis
of rotation {(represented by point and/or line 58) and an outer circumference 60. The
impeller 54 also includes a hub 64 located about the central axis of rotation 58, The
hub 64 can provide a mounting point for the impeller 54 to be mounted to the
longitudinal drive shaft 40. In one example, the impelier 54 15 attached to the

longitudinal drive shaft 40 by sliding the hub 64 over the outer surface of the
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longitudinal drive shaft 40 and securing the impeller 54 to the drive shaft 40 by way
of an attachment mechanism such as a nut-and-bolt, a cotier pin, or the like.

{60351  Tuming to FIG. 4, the irapeller 54 also includes an impeller blade
66 connected to the hub 64, and the impeller blade 66 extends from the hub 64 toward
the outer circumference 60. In many cases, the impeller 54 includes a plurality of
impeller blades 66 that extend radially outwardly from the hub 64. Each of the
figures shows an impeller 54 mcluding six (6) impeller blades, however, any number
of impeller blades 66 can be included, inchuding, but not limited to three, four, or five.
In some cases, a greater number of impeller blades 66 {e.g., 5ix), can lead to greater
efficiencies, as snow and ice will spend less average time 1n the impeller housing 34.

6636  While not required, the impeller 54 can also include a back plate 68,
The hub 64 can be attached to the back plate 68 and located about the central axis of
rotation 58, In the examples of the impeller 54 mcluding the back plate 68, the
impeller biade 66 can be connected to the hub 64 mdirectly through the back plate 68
while not contacting the hub 64 directly. However, certain designs may include the
impeller blades 66 directly connected to the hub 64 even when there is a back plate
68. In the exaroples with the back plate 68, the impelier blades 66 can extend from an
interior location of the back plate 68 toward the outer circumference of the impeller
54 withowt contacting the hub 64

(60377  The impeller assermbly 24 also includes a wiper 70 mounted
adjacent the impeller blade 66. In one exarple, the wiper 70 1s composed of a
flexible, restlient material, such as a rubber compound. For example, the wiper 70
can be composed of a rubber material including a fabric layer sandwiched within the
rubber corapound. The fabric layer can serve as reinforcement for the wiper structure.
Any rumber of other flexible, resilient materials can be used to form the wiper 70.

[3038] Tuming to FIG. 10, regardless of the material used to form the
wiper 70, one example of the wiper includes a wiper that can be deformed from an
ortginal shape upon application of pressure from an operator’s hand and return to the
original shape upon removal of the application of pressure from the operator’s hand.
This enables the wiper 70 to shide into a mounting slot which will be described below
to mount the wiper 70 to the umpeller blade 66. As such, the wiper 70 can be
configured to be mounted to the impeller blade 66 withowt the use of fasteners or

tools; an operator can simply squeere the wiper 70 to deform it, and then release the
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squeeze force to enable the wiper 70 to return to its original shape and slide into the
mounting slot,

{60397  The wiper 70 contacts the interior wall 56 of the impeller housing
34 during rotational operation of the impeller assembly 24 in order to linut and/or
elimimate a gap 74 between the impeller blade 66 and the interior wall 56. Reduction
and/or elimination of the gap 74 can lead to several benefits. For example,
rnirization of the gap 74 can lessen and/or elirninate quantities of snow, ice, efc.
from accumulating in the annular space created by the gap 74, thereby reducing
and/or eliminating recirculation of the matenal to be thrown by the snow thrower 20.
Thus leads to greater efficiency of the snow thrower 20, Additionally., reduction
and/or elimination of the gap 74 can lead to increased material throw distances for the
snow thrower 20.

(60408}  The impeller 54 can further include upper blade extensions 76
attached to the impeller blades 66. The upper blade extensions 76 can extend away
from a top edge 78 of the impeller blade 66. The upper blade extensions 76 can
generally exiend axially away {rom the impeller blades 66, loward a direction of
rotation 80, or a combination of these two directions. Inclusion of the upper blade
extensions 76 can prevent snow, ice, water, etc. from leaving the impeller housing 34
through the outlet aperture 38 and returning {o the housing 28 by acting as a rotafing
barrier to help keep the snow, ice, water, ete. within the impeller housing 34 prior o
being thrown mto the chute 26. In other words, the upper blade extensions 76 can act
as “scoops” or “spoons” that help maintain the snow, ice, eic. in a path moving from
the housing 28 to the chute 26. Additionally, the upper blade extensions 76 can also
act as force concentration points which break-up larger chunks of snow and/or ice
accumulations as the impeller rotates.

(3041}  The impeller 54 defines a mounting slot 84, and the wiper 70
includes a wiper portion 86 that slides into the mowunting slot 84 to mount the wiper 70
adjacent to the impeller blade 66. In one embodiment as shown in FIGS. 4-6, the
upper blade extension 76 defines an upper mounting slot 88 {which is one example of
the mounting slot 84} on a leading face side 90 of the impeller blade 66. The upper
mounting slot 88 is oriented radially, or in a substantially radial orientation. The
upper mounting slot 88 includes an upper mownting slot length 94, In some examples,
the back plate 68 defines a lower mounting slot 96 generally opposing the upper

mouniing slot 83 defined by the upper blade extension 76. The lower mounting stot
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96 includes a lower mounting slot fength 98, which can be substantially equal to the
upper mounting slot length 94, In this embodiment, the wiper portion 86 includes a
radial section that is oriented radially, and the wiper portion 86 slides nto the radial
mourtting slot 84 to mount the wiper 70 adjacent to the impeller blade 66. In this
embodiment, the wiper 70 is locaied on the leading face side 90 of the impeller blade
66, and can be supported by the impeller blade 66 as it rotates and remains in contact
with {or “wipes™} the interior wall 56 of the impelier housing 34. In this embodiment,
the wiper 70 can be the same width or substantially the same width as the impeller
blade 66 as measured in the axial direction.

[6642]  In another embodiment as shown in FIGS. 7 and 8, the impelier 54
can also include a plurality of retainer plates 104 located on a trailing side 106 of the
impeller blade 66. The retainer plates 104 can extend from the trailing side 106 of the
impeller blade 66 to the back plate 68. The retainer plates 104 define a rear mounting
stot 108 (which 1s one example of the mounting slot 84). The rear mounting slot 108
is ortented axially, or in a substantially axial orientation. In this embodiment, the
wiper portion 86 1s oriented axially, and the wiper portion 86 slides into the axially
oriented rear mounting slot 108 to mount the wiper 70 adjacent to the iropeller blade
66.

[3343] Retuming to FIG. 10, the figure represents an operator’s hand
applying a squeeze force to the wiper 70 to reduce the axial dimension in order to
msert the wiper 70 into mounting slots 84 which will be oriented radially for the first
embodiment. It is to be understood that the squeeze force will be applied in the
{ransverse direction to mount the wiper 70 in the second embodiment that inciudes
mounting slots 84 that are onented axially.

[6644]  In each of the above described embodiments, the construction of the
impeller 54 and the wiper 70 enable the wiper 70 to move in a generally radial
direction away from the hub 64 in order lo maintain contact with the interior wall 56
of the impeller housing 34.

[6045]  For example, in the first embodiment as shown in FIGS. 4-6, the
upper mounting slot 88 includes an upper mounting slot length 94, and the wiper
portion 86 includes a first wiper length 110, The upper mounting slot length 94 1s
greater than the first wiper fength 110, Sinmilarly, the lower mounting slot 96 includes
a lower mounting slot length 98 that is greater than the first wiper length 110, The

greater lengths of the mounting slots 94, 98 enable the wiper 70 to move in a
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generally radial direction (represented by arrow 112} away from the hub 64 in order to
maintain contact with the interior wall 56 of the impeller housing 34 while remaining
mounted to the iropeller blade 66, With the ability of the wiper 70 to move 1o the
radial direction 112, centrifugal force created during rotation of the impeller 54 during
normal operation of the snow thrower 20 will urge the wiper 70 radially sutward until
the wiper 70 contacts the mterior wall 56 of the impeller housing 34.

[3046]  In the second embodiment as shown in FIGS. 7-8, one of the
retainer plates 104 is mounted a distance of a mounting length 114 from the other
retainer plate 104, and the mounting length 114 s greater than the first wiper length
110, This difference in lengths 114, 110 enables the wiper 70 to move in a generally
radial direction 112 away from the hub 64 in order to maintain contact with the
interior wall 56.

[B847]  FIGS. 4-6 show the first embodiment with the wiper 70 in the
radially inward-most position. FIG. 11 shows the first embodiment with the wiper 70
in the radially outward-most position. FIG. 7 shows the second embodiment with the
wiper 70 in the radially outward-most position while FIG. 8 shows the second
embodiment in the radially inward-most position. Of course, the wiper 70 and
impeller 54 can operate properly at any of the infinite wiper positions along the
continuum between the inward-most and outward-most radial positions.

[3048]  Enabling the wiper 70 to move radially can benefit the impeller 54
and the snow thrower 20 in multiple ways. In one example, rotation of the impeller
34 during normal operation may wear away an amount of the wiper 70 at the point of
contact with the interior wall 56 of the impeller housing 34. As the wiper 70 wears,
contact with the interior wall 56 can be maintained as the wiper 70 simaply moves
radially outward to compensate for the worn away wiper material.

[33497  In another example, the wiper 70 is not statically fixed to the
impeller blade 66, and can thus move radially to contact the interior wall 56,
regardless of the distance between the hub 64 and the 1nterior wall 56. This enables
the wiper 70 to automatically move without requiring an operator to manually move
the wiper 70.

{60501  In vet another example, the interior wall 36 of the irapeller housing
34 may include manufacturing imperfections such that the cross-section of the interior
wall 36 is not perfectly circular. Even with potential inconsistencies in the radius of

the nterior wall 56, the wiper 70 will move radially out and radially 1n to maintain
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contact with the interior wall 56 as the impeller 54 rotates. This constant contact
helps ensure that the previously described benefits of the wipers 70 are maintained
throughout the entire arc of rotation of the impeller 54.

[6651]  Instill vet another example, one step during assembly of the snow
thrower 20, can inchude passing the impeller assembly 24 through the opening 36
from the housing 28 nto the impeller housing 34 where the irmpeller assembly 24 can
then be secured to the drive shaft 40. In some of those instances, the opening 36 can
be of a smaller diameter than the diameter of the interior wall 56 of the impeller
housing 34. However, the intent of the wipers 70 is to be i a position of the wider
interior wall diameter to contact the interior wall 56. This would normally create a
physical interference, preventing the step of passing the impeller assembly 24 through
the opening 36. However, as the wipers 70 can be moved radially, the assembly step
can include an operator moving the wipers 70 radially inward such that the diameter
of the impeller 54 with the wipers 70 15 less than the diameter of the operung 36, This
eases the assembly process of the snow thrower 20. Then, during normal operation,
centrifugal force will move the wipers to increase the effective diameter of the
impeller 54 such that the wipers 70 contact the mterior wall 56 of the ipeller
housing 34 during normal operation.

[33521 It is to be understood that additional mass within the wipers 70 can
accentuate the effect of the centrifugal force pushing the wipers 70 into contact with
the interior wall 56. Ag such, the wiper 70 can have various appendages or add-ons
that increase the weight to improve the effectiveness of the wiper 70 contact with the
mtertor wall 56, In one example, the wiper 70 can include a metal laver surrounded
by rubber. However, appropriate care must be taken during design of this particular
wiper such that the metal content of the wiper will never contact the interior wall 56,
even after anticipated wear of the relatively soft wiper material. Metal-on-metal
contact within the impeller housing can be detrimental to performance of the snow
thrower 20.

6653}  In one example, the lengths of the mounting slots 94, 98 and the
mounting length 114 and the lengths of the wiper portion 86 can be designed,
calculated, and manufactured such that the wiper 70 does not reach the limit of ifs
radially outward potential movement prior to the anticipated life cycle of the snow
thrower 20, even when considering normal wear effects on the wiper 70. In another

example, the wipers 70 can be replaced by new wipers 70 in the event that so much
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material has worn away from the wiper 70 that contact is no longer maintained with
the mterior wall 56, In yet another example, the relatively soft matenal used for the
wiper 70 may enable an operator to cut away a part of the wiper portion 86, enabling
the wiper 70 to move farther outward radially to maintain contact with the interior
wall 536, (ther examples of wipers may include removable sections of the wiper
portion 86, enabling the same effect of cutting away a portion of the wiper 70.

[3054]  In one example, the impeller blade 66 can be substantially flat and
straight, extending from the hub 64 along a radius of the impeller 54. In another
example, as shown in FIGS. 4-8, the impeller blade 66 inclades a first blade portion
116 and a second blade portion 118. The first blade portion 116 and the second blade
portion 118 can be positioned such that the second blade portion 118 of the impeller
biade 66 extends at a non-zero angle from the first blade portion 116 of the impeller
blade 66. In other words, the first blade portion 116 and the second blade portion 118
form an angle that is not 0° or 180°. In vet another example, the impeller blade 66 can
be formed in a curvilinear fashion rather than the segmented linear portions
previously described. The curvilinear construction can be construcied such that the
second blade portion 118 is stmply a curved part of the impeller blade 66 that is closer
to the outer circumference 60.

[3335]  In some examples, as shown in FIGS. 4-7, the second blade portion
118 of the impeller blade 66 1s positioned at an angle from the first blade portion 116
such that the second blade portion 118 extends toward a direction of rotation (as
represented by arrow 80) of the impeller 54. This position may also be described as
positioning the second blade portion 118 to be “swept toward™ the direction of
rotation 80 of the impeller 54, In this position, an edge 120 of the second blade
portion 118 passes by a stationary point on the interior wall 36 prior fo any other
segment of the second biade portion 118 during rotation of the impeller 34, At times,
it can be advantageous to ortent the second blade portion 118 toward the direction of
rotation 80, as the velocity of the collected snow, ice, water, etc. thrown by the
impeller 54 can exceed the tip speed velocity of the impelier 54. This can lead to
greater throw distances of snow, ice, water, efc. when compared to the throw
distances developed by impellers having 1mpeller blades that are not swept toward the
direction of rotation of the impeller 54,

[3336]  This increase in velocily is depicted in FIGG. 4. A radius 124 of the

impeller 54 13 shown, and the magnitude of the angular velocity of a snow or ice
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particle leaving the tmpeller blade 66 is represented by the length of the vector 126
which is equal to the tip velocity of the impeller blade 66. However, the swept
forward onientation of the second blade portion 118 imparts another vector component
to the particle velocity as represented by the length of the vector 128 The sum of the
velocity vectors 126, 128 is represented by the vector 130 having a magnitude larger
than the tip velocity of the impeller blade 66.

{3057}  In other examples, as the one shown in FIG. 8, the second blade
portion 118 of the impeller blade 66 13 positioned at an angle from the first blade
poriion 116 such that the second blade portion 118 extends away from the divection of
rotation 80 of the impeller 54. This position may also be described as orienting the
second blade portion 118 to be “swept away™ from the direction of rotation 80 of the
impeller 54. At times, it can be advantageous to position the second blade portion
118 away from the direction of rotation 80, as this can increase the efficiency of the
impeller.

[6058]  In another example, each blade 46 includes a tip 50 that extends
from the end of the blade 46 in a curved manner. The tips 50 are curved i the
direction of rotation of the impeller 54, The curved tips 50 assist in maintaining
contact between the snow and the blades 46 as the impelier 54 rotates, thereby
preventing the snow from sliding past the ends of the blades 46 to the gap between the
blades 46 and the impeller housing 34 before the snow is thrown into and from the
chute 26. Preventing the snow from shiding past the end of the blades 46 results in
less re-circulation of the snow within the impeller housing 34, thereby making the
snow thrower 20 more efficient in expelling the snow. Whereas the augers 46 are
configured to push snow axially along the axis of rotation of the auger 46, the
impeller 54 1s configured to drive or throw snow in a radial direction away from the
axis of rotation of the impeller 54. The impeller 54 and the auger 46 immediately
adjacent thereto are oriented and timed such that they rotate at the same angular
velocity, wherein as the snow slides from the end of the flight 36 of the auger 46
toward the impeller 54, the impeller 54 1s positioned such that the snow enters the gap
between adjacent blades 46 of the impelier 54 so that re-circulation of the snow is
reduced.

66591  Tuming to FIGS. 12 and 13, another embodiment of the impeller
assembly 24 is shown. As shown in FIG. 12, the impelier 54 can inciude four (4)

impeller blades 66. Tn one example, the back plate 68 can include a number of lobes
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134 commensurate with the number of impeller blades 66. In other examples, the
back plate 68 can be circular as shown in several of the previous figures. Sumularly, as
shown in FIG. 13, the iropeller 54 can include three (3) impeller blades 66 and lobes
134. In some example snow throwers 20, the choice of the number of impeller blades
66 used on the impeler 54 can be determined using an anticipated flow rate of snow
entering the impelier housing 34 (best seen n FIG. 2). For example, a greater number
of irmapeller blades 66 can be more efficient when the snow thrower 20 is used for
greater flow rates of snow entering the 1mpeller housing 34,

[6060] Tuming to FIG. 14, the impeller blade 66 can include at least one
tab 136 that can be used to mount the impeller blade 66 to the back plate 68 through
stots 138 {hest seen in FIG. 12). In one example, the back plate 64 can include a
number of slots and/or slot patterns that can accommodate various styles of impeller
blades 66. Any suitable attachment method can be used {0 attach the impeller blades
66 to the back plate 68, Additionally, the impeller blade 66 can define a plurality of
mounting slots 84. In one example, the mounting slots 84 are vertically oriented with
two smaller mounting slots 140 located relatively close to the hub 64, and one larger
mounting slot 144 located closer to the outer circumference of the impeller 54.

i6061]  Tuming to FIG. 15, a wiper 138 can be configured to interact with
the impeller blade 66 of the embodiment shown in FIGS. 12 and 13, A first end
portion 146 of the wiper 138 passes through one of the smaller mouniing slots 140
and then through another smaller mounting slot 140 such that the wiper 138 1s
“woven” through the smaller mounting slots 140 and mounts the wiper 138 to the
impeller 54. The first end portion 146 can include a shoulder 150 which can limit the
length of the wiper 138 that can be woven into the iropeller blade 66. The wiper 138
can be pulled tight by the operator pulling on the first end portion 146 in the direction
of arrow 147 as shown in FIGS. 12 and 13, This woven feature can act as both a
tocking feature for the wiper 138 and a feature to prevent the first end portion 146
from slapping the impeller blade 66 during operation. Additionally, the wiper 138 15
configured to he mounted to the impeller blade 66 without the need for tools, similar
{o the operation shown in FIG. 10,

{60621  Returming to FIG. 12, a second end portion 148 of the wiper 138
which is closer to the outer circumtference 60 is configured to pass through the larger
mounting slot 144, Simular to the first end portion 146, the second end portion 148

can include a shoulder 154 that contacts a portion of the iropeller blade 66 at each end
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of the larger mounting siot 144, This mteraction provides a physical interference that
prevents the wiper 138 from moving through the larger mounting slot 144 toward the
outer circumference 60 beyond a desired distance. In some exaroples, there can be a
benefit to limiting the distance that the wiper 138 extends beyond the outer
circumference 60 of the impeller 54. For example, the wiper 138 can be used to limit
the distance between the impeller blade 66 and the interior wall 56, but not touch the
mterior wall 56, In this wav, the wiper 138 will likely not contact the outlet aperture
38 (also known as a blower cup in some instances} which can create an undesirable
loud noise caused by the slapping of the wiper 138 as it contacts the outlet aperture 38
on each rotation.

[6663]  Itis to be noted that the impeller assemblies shown in FIGS. 12 and
13 include the wiper 138 mounted on the trailing side 106 of the impeller blade 66.
This mouniing location can provide the benefit of a relatively smooth surface {or
snow, ice, water, etc. to flow along the surface of the impeller biade 66 as 1t
undergoss centrifugal force, propelling it outward along the face of the impeller blade
66, This 1s true for all of the embodiments in this disclosure that include the wiper
mounted on the trailing side 106 of the irapeller blade 66.

[6064]  The description now tumns to a method of improving an efficiency
of a snow thrower impeler. The method includes the step of providing a mukiiple-
stage snow thrower icluding the impeller assembly. The impeller assembly includes
the impeller housing that defines the interior wall. The imapeller assembly also
includes the impeller located within the tmpeller housing. The impelier includes a
central axis of rotation and an outer circumference while defining a mounting slot.

[6665]  The impeller includes a hub located about the central axis of
rotation and the impeller blade connected to the hub. The impeller blade extends
from the hub toward the outer circumference. The impeller assembly also includes
the wiper mounted adjacent the impeller blade. The wiper includes the wiper portion
that enables insertion of the wiper portion into the mounting slot without the use of
fasteners or tools. The wiper contacts the interior wall of the impeller assembly
during rotational operation of the impelier in order to limit the gap between the
impeller blade and the interior wall. The method also includes the step of inserting
the wiper into the mounting slot by hand and without the use of tools. The method

stiil further includes the step of operating the impeller by providing a rotational force

15



WO 2016/123211 PCT/US2016/015111

to the impeller, and the wiper maintains contact with the interior wall during impeller
rotation.

[6066]  While this disclosure has been written in conjunction with the
specific embodimenis described above, it is evident that many alternatives,
combinations, modifications and variations are apparent o those skilied in the art.
Accordingly, the described embodiments of this disclosure, as set forth above are
mtended to be illustrative only, and not in a linating sense. Various changes can be
made without departing from the spirit and scope of this disclosure. Combinations of
the above embodiments and other embodiments will be apparent to those of skill in
the art upon studving the above description and are intended to be embraced therein,
Therefore, the scope of the present disclosure is defined by the appended claims, and
all devices, processes, and methods that come within the meaning of the claimg, either
literally or by equivalence, are intended to be embraced therein. Furthermore, to the
extent that the term “includes” 1s used in either the detailed description or the claims,
such term is intended to be inclusive in a manner similar to the term “comprising”™ as
“comprising” 1s interpreted when emploved as a transitional word in a claim.

[6667]  Whatis claimed 13

16



WO 2016/123211 PCT/US2016/015111

CLAIMS

1. An impeller assembly (24), said impeller assembly characterized by:
an impelier (54) located within an associated impeller housing (34) , the
assoctated impeller housing defines an mterior wall (56), said impeller includes a
central axis of rotation (58) and an outer circumference (60), said impeller defines a
mounting slot (84), said impeller comprising:
a hub (64} located about said ceniral axis of rotation;
an impeller blade (66) connected to said hub, wherein said impeller
blade extends from said hub toward said outer circumference; and
a wiper (70) mounted adjacent said impeller blade, said wiper comprising a
wiper portion {86} that slides into said mounting slot to mount said wiper to said
impeller;
wherein said wiper contacts said interior wall of the associated impeller
housing during rotational operation of said impeller in order 1o linut a gap (74}

between said impeller blade and said interior wall.

2. The impeller assembly (24) according to claim 1, further characterized 1n that

satd wiper {70} is configured to be mounted without the use of fasteners or tools,

3. The impeller assembly (24) according to claims 1-2, further characterized in
that said wiper (70) comprises a flexible, resilient material that can be deformed from
an original shape upon application of pressure from an operator’s hand and return o
the original shape upon removal of the application of pressure from the operator’s

hand to 6t into said mounting slot (84).

4. The impeller assembly (24) of claims 1-3, further characterized i that
construction of said impeller and (54) said wiper (70) enable said wiper to move in a
generally radial direction away from said hub (64} in order to maintain contact with

said interior wall (56).

5. The impeller assembly {24) of claims 1-4, further characterized in that said

wiper portion {86} is oriented radially and said mounting slot (84) 1s oriented radially.
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6. The impeller assembly (24} of claims 1-4, further characterized in that said

wiper portion (86} is oriented axially, and said mounting slot (108) is oriented axially.

7. The impeller assembly (24) of claims 1-6, further characterized in that said
impeller assembly comprises a phurality of retamer plates (104} on a trailing side
(106} of said impeller blade (66), wherein said retainer plales define said mounting

slots (108).

& The umpeller assembly (24 of claim 7, further characterized in that said wiper
portion {86) includes a first wiper length (110) and one of said retainer plates (104) is
mounted a distance of a mounting length (94, 98) from the other of said retainer
plates, wherein said mounting length s greater than said first wiper length thereby
enabling said wiper (70} to move in a generally radial direction (112) away from said

hub (64} in order to mamtain contact with said mterior wall (56).

9. The impeller assembly (24) of claims 1-8, further charactenized in that said
impeller assembly comprises a back plate (68), wherein said hub (64} 1s attached to

said back plate located about said central axis of rotation (58).

10, The impeller assembly (24} of claim 9, further characterized in that said
impelier blade (66} extends {from an interior location of said back plate (68) toward
said outer circumference, said impeller blade is connected (o said hub (64} through

said back plate.

1L The impeller assembly (24) according to claims 9-10, further charactenized in
that said impeller assembly comprises an upper blade extension (76} attached to said
impeller biade {66}, wherein said upper blade extension defines an upper mounting

slot (88) on a leading face side (30) of said imopeller blade.

12. The impeller assembly (24} according to claim 11, further characterized in that
said wiper portion (86} includes a first wiper fength (110} and said upper mounting
stot (88) includes an upper mounting siot length (94) and wherein said upper
mounting slot length is greater than said first wiper length, thereby enabling said
wiper (70} to move in a generally radial direction (112) from said hub {(64) in order o

maintain contact with said interior wall (56).
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13, The impeller assembly (24) according to claim 12, further characterized in that
said back plate (68) defines a lower mounting slot (96) generally opposing said upper

mounting slot (88) defined by said upper blade extension {76}.

14. The impeller assembly (24} according to claim 13, further characterized in that
said lower mounting slot {96} includes a lower mounting siot length (98) and wherain
said lower mounting slot length is greater than said first wiper length (110}, thereby

enabling said wiper {70} 10 move in a generally radial direction (112) from said hub n

order to maintain contact with said interior wall (56).

15, The impeller assembly (24) according to claims 1-14, further characterized in
that said impeller assembly comprises a plurality of mounting slots (140}, wherein an
end portion (146) of said wiper (138) passes through one of said mounting slots and
then passes through another of said mounting slots to mount said wiper to said

impelier (54).

16. An impeller assembly (24), said impeller assembly characterized by:
an impelier (54) located within an associated impeller housing (34), the
associated impelier housing comprises an interior wall (56), said impeller includes a
central axis of rotation (58) and an outer circumference (60), said impeller
comprising:
a hub (64} located about said central axis of rotation; and
an impeller blade (66) connected to said hub, said impeller blade
comprising a first blade portion (116} and a second blade portion (118},
wherein said impeller blade extends from said hub toward said outer
circumference, wherein said second blade portion of said impeller blade

exiends at anon-zero angle from said first blade portion of said impeller blade.
17.  The impeller assembly (24} of claim 16, further characterized in that said

second blade portion (1138) of said impeller blade (66) extends toward a direction of

rotation {80) of said impeller (54).
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18, The impeller assembly (24} of claim 16, further characterized in that said
second blade portion (118) of said impeller blade (66) extends away from a direction

of rotation (80) of said impelier (34).

19. A method of improving an efficiency of a snow thrower impeller (54)
characterized by:
providing a multiple-stage snow thrower (20} comprising an impeller
assembly (24), said impeller assembly comprising:
an fmpeller housing (34), said impeller housing defines an nterior wall (563,
an impeller (54} located within said irapeller housing, said impelier including
a central axis of rotation (58) and an ocuter circumference (60}, said impeller
defines a mounting slot (84}, said impeller comprising:
a hub (64) located about said central axis of rotation;
an impeller blade (66) connected to said hub, wherein said impeller
blade extends froni said hub toward said outer circumference; and
a wiper {(70) mounted adjacent said impeller blade, said wiper
comprising a wiper portion (86};
wherein said wiper i1s mounted without the use of fasteners or tools;
wherein said wiper contacts said interior wall of said impeller assembly during
rotational operation of said impeller in order to Tumit a gap between said impeller
biade and said intenor wall;
inserting said wiper into said mounting slot by hand and without the use of
{ools;
operating said impeller by providing a rotational force to said irapeller,

wherein said wiper maintains contact with said interior wall during impeller rotation.

20, The method of claim 19, further characterized in that construction of said
impeller (54) and said wiper (70} enable said wiper to move in a generally radial
direction {112} away from said hub (64} in order to maintain contact with said interior

wall (563

20
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