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A fluid pump assembly Is provided. The pump has a pair of units magnetically coupled to each other. The first unit contains a drive
motor and a magnetic assembly. The second unit contains a magnetic assembly and a blade of a propeller/impeller for imparting
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ABSTRACT

A fluid pump assembly is provided. The pump has a pair of units magnetically
coupled to each other. The first unit contains a drive motor and a magnetic assembly.
The second unit contains a magnetic assembly and a blade of a propeller/impeller for
imparting movement to a fluid. As the first unit is activated by t.he drive motor, a

magnetic tlux is created which in turn rotates the magnetic assembly in the second unit,

driving the blade.
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FLUID PUMP ASSEMBLY

CROSS-REFERENCE TO RELATED APPLICATION
AND CLAIM TO PRIORITY

[0001] NOT APPLICABLE.

FIELD OF THE INVENTION

[0002] The present invention relates to fluid pump assemblies, espécially to magnetically
coupled liquid pump assemblies useful with, for example, aquariums, foot spa basins and

the like.

BACKGROUND

'0003] Fluid pump assemblies come in various designs depending on their operating
requirements and the environment in which they will be used. One type of fluid pump
assembly utilizes separate first and second units which are operably connected to each
other by magnets. The first unit is designed to be placed outside of a fluid-holding
container, while the second unit 1s placed inside of the container. Each unit possesses a
respective magnet operatively connected to one another such that a magnetic attraction
between the magnets holds the first and second units in place on opposite sides of the
container. The first unit contains a drive motor that rotates the first unit magnet. Due to

the operative connection between magnets, the second unit magnet rotates with the tirst
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unit magnet. The second unit magnet may be connected to a propeller or an impeller to
impart movement to the liquid in the container.
[0004] The above-described fluid pump assembly i1s particularly useful in aquariums and
the like because the attractive forces between the magnets allow the respective units to be
held in place at any position along the walls of the container without requiring holes to be
formed in the container. The magnetic attractive force also allows the fluid pump
assembly to be mounted without brackets or other mechanical mounts, thereby reducing
the overall weight of the assembly. Further, the fluid pump assembly may be located at
any location on the container, such as in close proximity to an electrical outlet for
powering the drive motor. The above-described magnetic coupling also eliminates the
need to submerge electrical components in water, thus making hermetic seals about the
motor housing unnecessary.

SUMMARY
[0005] In accordance with a first aspect of the invention, a magnetically driven unit of a
fluid pump assembly is provided. The driven unit features a housing including a base and
a nozzle extending from the base. A rotator 1s at least partially contained in the housing.

The rotator includes a magnet constructed and arranged to be magnetically coupled to
and rotationally driven by a magnet of a drive unit. A shaft is operatively connected to

the rotator to rotate when the rotator is rotationally driven. A blade is operatively
coupled with the shaft to move with the rotating shaft, and a magnet cover cooperates
with the housing to enclose the rotator.

[0006] In accordance with a second aspect of the invention, a magnetically driven unit of

a fluid pump assembly is provided. The magnetically driven unit features a housing
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including a base and a nozzle extending from the base, and a rotator at least partially
contained in the housing. The rotator includes a magnet constructed and arranged to be
magnetically coupled to and rotationally driven by a magnet of a drive unit. The driven
unit further includes a shaft operatively connected to the rotator to rotate when the rotator
i1s rotationally driven, a blade operatively coupled with the shaft to move with the rotating
shaft, and an axle operably associated with the shaft, wherein the bottom of the axle
comprises a flanged base.
[0007] In accordance with additional aspects of the invention, fluid pump assemblys
teaturing drive units and driven units are provided.
[0008] Other aspects of the invention, including assemblies, subassemblies, drive units,
driven units, apparatus, systems, kits, methods, and the like which constitute part of the
invention, will become more apparent upon reading the following detailed description of
the exemplary embodiments and viewing the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The accompanying drawings are incorporated in and constitute a part of the
specification. The drawings, together with the general description given above and the
detailed descfiption of the exemplary embodiments and methods given below, serve to
explain the principles of the invention. In such drawings:
[0010] Figure 1 1s a schematic sectional view of a pump assembly in operation in
relationship to a fluid-filled container in accordance with an exemplary embodiment of
the 1invention.
[0011] Figure 2 is a perspective cut-away view of a wet-side unit of the fluid pump

assembly of Figure 1.

)
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[0012] Figure 3 is a perspective cut-away view of an exemplary base of the wet-side unit

of Figure 2.
[0013] Figure 4 is a side view of the base of Figure 3.

[0014] Figure 5 is a perspective cut-away view of an exemplary nozzle of the wet-side

unit of Figure 2.

[0015] Figure 6 is a side sectional view of an exemplary axle and rotator assembly of the
wet-side unit.

[0016] Figure 7 is a perspective partially cut-away view of an exemplary bearing and
shaft with attached blade of the axle and rotator assembly ot Figure 6.

[0017] Figure 8A is an upper perspective, cut-away view of an exemplary lower bearing
of the rotator assembly of Figure 6.

[0018] Figure 8B is a lower perspective, cut-away view of an exemplary lower bearing ot
the rotator assembly.

[0019] Figure 9 is a perspective cut-away view of an exemplary axle ot the axle and
rotator assembly of Figure 6.

[0020] Figure 10 is a perspective cut-away view of an exemplary magnet cover of the

wet-side unit of Figure 2.

[0021] Figure 11 is a perspective cut-away view of an exemplary magnet cover and base

of the wet-side unit of Figure 2.

[0022] Figure 12 1s a perspective cut-away view of an exemplary magnet cover, base,

and magnet assembly.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENT(S)

AND EXEMPLARY METHOD(S)

CA 3022597 2018-10-30



[0023] Reterence will now be made 1n detail to exemplary embodiments and methods of
the invention as illustrated in the accompanying drawings, in which like reference
characters designate like or Corresponding parts throughout the drawings. It should be
noted, however, that the invention in its broader aspects 1s not limited to the specific
details, representative devices and methods, and 1llustrative examples shown and
described in connection with the exemplary embodiments and methods.

[0024] As best shown in Figure 1, an exemplary fluid pump assembly 1s shown 1n
operation in relationship to a container 26 filled with a fluid such as water. The fluid
pump assembly includes a dry-side unit or drive untt 10 containing a dry-side magnet 12
outside of the container 26, and a wet-side unit or driven unit 14 containing a wet-side
magnet 16 inside of the container 26. The wet-side magnet 16 is operatively associated
with a blade 20 for imparting movement to the tluid in the container 26. The dry-side
magnet 12 1s connected to a drive shaft 24 that 1s driven by a motor 18. In an exemplary
embodiment, the dry-side magnet 12 1s a circular disc having at least one pair ot magnetic
poles N and S. The magnetic poles may be arrayed radially about the disc, with the poles
arranged 1in an equal and opposite fashion. The dry-side magnet 12 may be made {rom a
variety of magnetic materials, including neodymium or other high pertormance magnetic
materials.

[0025] The drive motor 18 may be electric, hydraulic, pneumatic, etc. In an exemplary
embodiment, the drive motor 18 1s an AC or DC powered electric motor connectable to

an electrical outlet or battery. The motor 18 is rotationally connected to the drive shaft
24 on which the dry-side magnet 12 1s mounted or connected. Operation ot the motor 18

rotates the drive shaft 24, which 1n turn rotates the dry-side magnet 12 about the drive
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shaft axis to create magnetic flux. Optionally, the motor 18 may be shielded with a cover
(discussed below) to prevent the magnetic flux from adversely affecting the motor 18 and
to reduce motor noise. The cover may be made out of, tor example, steel or other
suitable shielding materials.

[0026] The dry-side or drive unit 10 may be permanently or releasable secured to the
wall of the container 26. Alternatively, the dry-side unit 10 and the wet-side unit 14 are
placed on opposite sides of the container 26, and the magnetic attraction between the
respective magnets 12, 16 retains the units 10, 14 1n place, optionally without any
mechanical mounts or adhesive. When the fluid pump assembly 1s activated, the drive
motor 18 rotates the dry-side magnet 12, which causes the wet-side magnet 16 and blade
20 to rotate. In operation, the rotational movement of the blade 20 imparts movement to
the liquid 1n the container 26.

[0027] The magnetic attraction between the magnets 12, 16 should be sutticiently strong
to hold the units 10, 14 in place in operation, that is, so that circulation of the liquid in the
container 26 and incidental contact do not cause the units 10, 14 to dislodge. For
example, the net magnetic attraction between the dry-side unit 10 and the wet-side unit

14 may be at least 1.0 pound. The attractive force may be greater or smaller, as needed
depending on factors such as pump size, liquid viscosity, and operating environment.
[0028] Figure 2 depicts an exemplary wet-side unit 14. As shown, the wet-side unit or
driven unit 14 includes a base 28 and a nozzle 32 combining to form a housing, a rotator

assembly 30 containing at least one magnet assembly 35, and an axle 34. These

components are described in further detail below.
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[0029] As best shown 1n Figure 3, the base 28 has an inner region 36, an outer region 38,
and a side wall 40. The side wall 40 separates the inner region 36 and the outer region
38. The side wall 40 may be formed integrally as a single piece with the inner region 36
and the outer region 38. Alternatively, the inner region 36, outer region 38, and/or side
wall 40 may be formed separately and attached to on another. The inner region 38 and
the side wall 40 combine to house the magnet assembly 35 as shown 1n Figure 2. In an
exemplary embodiment, the side wall 40 has slots 45 for retaining a magnet cover 94
described below.

[0030] As best shown in Figures 2 and 3, the inner region 36 has a seat 42 for retaining a
thrust washer 43 (Fig. 2). The thrust washer 43 distributes the axial load of the rotator
assembly 30 and prevents force created by the weight and movement of the rotator
assembly 30 from acting directly on the base 28. The thrust washer 43 may be made of a
variety of materials, including ceramic, metallic, and/or elastomeric materials. In an
exemplary embodiment, a ceramic material having a high quality surface finish is used
for the thrust washer 43. Utilizing a ceramic material will greatly reduce friction and
wear during operation of the fluid pump assembly.

[0031] The outer region 38 has a peripheral edge 44, a channel 46, and locking grooves
48. The channel 46 holds an o-ring (not shown) for establishing a fluid-tight seal
between the base 28 and the nozzle 32. As best shown 1n Figure 4, the locking grooves
48 extend around the outer portion 38 of the base 28. There may be any number of
locking grooves 48 associated with the base 28. In an exemplary embodiment, three
locking grooves 48 extend around the outer region 38 equidistant from each other. As

described below, the nozzle 32 includes locking tabs 50 (Figure 5) that rotatably engage
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the locking grooves 48 to releasably connect the nozzle 32 to the base 28. The number
and spacing of the locking tabs 50 on the nozzle 32 should correspond to the number and
spacing of the locking grooves 48.

[0032] In an exemplary embodiment, a backing member 41 1s attached to the bottom of
the base 28, that 1s, on an opposite surface of the base 28 relative to the side wall 40. The
backing member 41 may be constructed of a material and/or structure that reduce
rotational and translational movement during operation of the fluid pump assembly. The
backing member 41 may be made from a variety of suitable materials including an
elastomer such as neoprene or any suitable type of resilient material such as foam.
Although not shown, the backing member 41 may be structured as a plurality of separate
elements, such as projections, formed integrally with or separately attached to the base
28. The projections may correspond with similar sized and placed depressions in the wall
of the container 26 to further resist displacement of the wet-side unit 14.

[0033] As best shown in Figure 2, the nozzle 32 connects to the base 28 as described
above to form the housing of the wet-side unit 14. The nozzle 32 surrounds the axle 34
and the rotator assembly 30. The nozzle 32 may serve as a protective cage to keep blade
20 from contacting anything, apart from the liquid, inside ot the container 26 in which the
wet-side unit 14 is placed. As best shown in Figure 5, the nozzle 32 may have a base
section 54, an end section 56, and a central section 52 extending between the base section
54 and the end section 56. In an exemplary embodiment, the central section 52, base
section 54, and end section 56 are integrally formed as a single monolithic piece, though
the sections 52, 54, 56 may be formed separately and connected together. Additionally,

one or more of the sections 52, 54, 56 may be releasably connected to one another so that
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they may be changed by a user depending on the desired operatton. The nozzle 32 may
be made from a polymeric material and formed through a modeling process, though other
suitable materials and methods of manufacture will be understood by those of ordinary
skill 1n the art.

[0034] The locking tabs 50 of the base section 54 may be engaged with the locking
grooves 48 to facilitate the connection between the nozzle 32 and the base 28, as
discussed above. The central section 52 forms the body of the nozzle 32 and may take
the form of a series of ribs 58. The ribs 58 extend longitudinally along the nozzle 32 and
create slots or openings. The ribs 58 may also be tilted or angled to direct the flow of the
fluid through the openings. Accordingly, the ribs 58 can be designed and arranged to
influence flow and turbulence, reduce d noise, and affect efficiency of the tluid pump
assembly.

[0035] Depending on the application of the fluid pump assembly, the end section 56 may
have a number of different designs. As best shown in Figure 5, the end section 56 has a
top wall 62 and a series of arms 64 projecting from the top wall 62 to a central hub 66. In
an exemplary embodiment, the openings between the ribs 58 act as liquid intake areas
and the openings between the arms 64 act as liquid output areas. These arms 64 may be
curved and twisted as shown in Figure 5 to impart a specific flow to the fluid leaving the
nozzle 32. As with the ribs 58, the arms 64 can be designed to affect flow, noise, and
etficiency of the fluid pump assembly.

(0036] The central hub 66 may have a hollow cvlindrical portion which extends towards

the base 28, forming an upper constraint 63. This upper constraint 63 receives the top

portion of the axle 34, as.best shown 1n Figure 2, to keep the axle 34 from moving
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laterally and optionally to partially or wholly support the axle 34. Alternatively, the axle
34 may be supported solely by its tlanged base 84 as discussed 1n greater detail below.
[0037] The design of the end section 56 shown 1n Figure 5 1s particularly useful for use
with fbot spa tub to impart a specific flow of fluid to a user’s feet. The design may be
altered to make it more suitable for aquarium use. Specifically, in the context of use with
an aquarium, the space between the arms 64 should be sufficiently small to prevent fish
from coming into contact with the blade 20. Additional arms 64 may be provided to
reduce the spacing between the arms, thereby making the blade 20 1naccessible to tish
while permitting the flow of fluid.

[0038] As best shown 1n Figure 6, the rotator assembly 30 includes a magnet assembly
35, a blade 20 for imparting movement to the fluid in the container 26, a shaft 70, an
upper bearing 72, and a lower bearing 74. While multiple bearings 72, 74 are shown, a
single bearing may be used for certain applications. In these instances, the single bearing
may be an upper bearing, a lower bearing, or a continuous bearing extending from about
the top of the shaft 70 to about the bottom of the shaft 70. The upper bearing 72 may be
made from a ceramic, such as alumina oxide, to reduce wear and provide low friction.
The shaft 70 and the lower bearing 74 connect to the magnet assembly 35. This
connection may be achieved through a press fit, adhesive, molded, or other suitable
connection. In an exemplary embodiment the blades 20 may be integrally formed with
the shaft 70, tfor example, as a molded, monolithic singe piece. Alternatively, the blades

20 may be formed separately from and connected or fastened to the shaft 70. The blade

20 may be either an impeller type or a propeller type depending on the application of the

10
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fluid pump assembly. Also, the specific configuration and number of blades 20 may vary
depending on the application.

[0039] The upper bearing 72 is located inside of the shaft 70, as best shown 1n Figures 6
and 7. The upper bearing 72 dampens forces imparted from the shaft 70 to the axle 34.
In an exemplary embodiment the upper bearing 72 1s made from a polymeric material;
however, other appropriate materials may be used. When choosing the material for the
upper bearing 72, the material used for the axle 34 should be taken into consideration, for
example, to reduce the amount of transmitted forces and the amount of friction and wear.
[0040] The lower bearing 74 rests on the thrust washer 43 and separates the magnet
assembly 35 from the base 28, allowing the magnet assembly 35 to rotate relative to the
base 28 without producing a large amount of friction and wear and reducing noise. The
thrust washer 43 also helps to absorb axial forces transmitted from the rotator assembly
30 through the lower bearing 74 when the pump 1S 1n operation. As best shown in
Figures 8A and 8B, the lower bearing 74 has a cylindrical shaft 76 and a lower tlange /8.
The lower flange 78 may have a slot 80 formed into the base. The flanged base 78 may
prevent or reduce wobble and noise that might otherwise occur during rotation of the

rotor. The lower bearing 74 may be made from a variety of suitable materials such as a

polymer material that has low water absorption capability, for example, polyether ether

ketone (PEEK).
[0041] When the fluid pump assembly 1s switched on, drive motor 18 rotates the dry-side

magnet 12, which is magnetically coupled to the wet-side magnet 16 to cause 1ts rotation.
The wet-side magnet 16 is coupled to the rotator assembly 30 to cause the rotor assembly

30 to rotate around the axle 34. As best shown 1n Figure 9, the axle 34 comprises a shatt

11
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82 and a flanged base 84. In an exemplary embodiment, a sleeve 86 covers at least a
portion of the axle shaft 82. The axle 34 extends through the base 28 and connects to the
nozzle 32 at the upper constraint 68, as best shown in Figure 2. The tflanged base 84
contacts the bottom of the base 28 and supports the axle 34. In certain embodiments, the
axle 34 may be solely supported by the tlanged base 84. The tlanged base 84 has a
number of cut-out sections, embodied as holes 85 in Figure 9 to assist in locating and
anchoring the axle 34 to the base 28. In an exemplary embodiment, the base 28 1s formed
through an injection molding procedure, such as insert molding. The axle 34 1s placed
into a mold and material is injected into the mold, forming around the axle 34. The holes
85 allow the material to flow around and through the flanged base 84 to form a secure
connection between the axle 34 and the base 23.

[0042] The flanged base 84 allows the thickness of the wet-side base 28 to be kept at a
minimum, thereby increasing the etfectiveness of the magnetic connection between the
wet-side unit 14 and the dry-side unit 12. It also helps to prevent unwanted lateral
movement or wobble of the rotator assembly 30. This added stability decreases noise
produced by the pump.

[0043] The axle 34 may be made from a variety of materials including ceramics,
polymers, and/or metals. Additionally, the sleeve 86 surrounding the axle 34 may also
be made from a variety of materials. In an exemplary embodiment, the axle 34 1s made
from a metal, such as corrosion resistant stainless steel, and the sleeve 86 1s made from a
ceramic material, such as aluminum oxide having a high surface finish, for example,

between 10 microns and 80 microns, for example 40 microns. Due to the magnetic rotor,

which may make the fluid pump assembly heavier than conventional pumps, the surface

12

CA 3022597 2018-10-30



finish of the bearings 72, 74 and the axle 34 are important to minimizing wear. A
ceramic sleeve 86 allows for a high quality surface finish which reduces friction. If the
axle 34 1s entirely ceramic, however, the axle 34 might not exhibit sufficient strength to
prevent it from breaking under the forces generated during operation of the tluid pump
assembly. On the other hand, an axle 34 made entirely of a corrosion resistant metal,
such as stainless steel or titanium, may not be hard enough or have an appropriate surface
finish to wear etfectively. Therefore, combining a metal axle 34 with a ceramic sleeve 86
provides a low-friction, high-strength part. This combination prevents failures due to
wear and tear caused by the operation of the fluid pump assembly, and thus greatly
extends fluid pump assembly life.

10044] As best shown 1n Figure 6, the magnet assembly 35 1s connected to the rotator
shatt 70 and the lower bearing 74. The magnet assembly 35 sits within the interior region
36 of the base 23. In an exemplary embodiment, the magnet assembly 35 comprises a
magnet 88 having a plurality of poles. A magnetic shield 90 may be placed on top of the
magnet 88. Surrounding the magnet 88 and the magnet shield 90 1s a casing 92 which
connects to the lower bearing 74 and shaft 70. This connection may be achieved through

a press fit, adhesive, molded, or other suitable connection.

[0045] As best shown in Figures 10-12, the wet-side unit 14 is provided with a magnet
cover 94. The rotation of the magnet assembly 35 during operation of the fluid pump
assembly creates forces that will impart unwanted movement to the fluid, such as

turbulence, liquid tflow which is counter to the direction of flow from the blade 20, and/or
flow through the sides of nozzle 32, all of which may reduce the output efficiency of the

fluid pump assembly. By providing the magnet cover 94, flow interaction may be

13
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eliminated or greatly reduced. The magnet cover 94 has a set of tabs 96 which
correspond to the slots 45 (Figures 3 and 4) in the sidewall 40 of the base 28. As best
shown 1n Figure 12, when the magnet cover 94 and sidewall 40 are connected, they
enclose the magnet assembly 35. The magnetic cover 94 is therefore fixed to the base 28
so that the magnet 88 1s disposed between the base 28 and the magnet cover 94,
ehiminating the occurrence of turbulence that would otherwise arise due to rotation of the
magnet assembly 35. Thus, fluid flows as desired from the nozzle 32. The cover may be
made from a polymer material or from a water resistant metal such as stainless steel.
[0046] By utilizing the various exemplary aspects discussed above, a magnetically
coupled fluid pump assembly may be produced which has greater efficiency, better
durability, and operates more quietly than previous pumps. The foregoing description of
the exemplary embodiments of the present invention has been presented for the purpose
of illustration. It is not intended to be exhaustive or to limit the invention to the precise
forms disclosed. Obvious modifications or variations are possible in light of the above
teachings. The embodiments disclosed hereinabove were chosen in order to best
1llustrate the principles of the present invention and its practical application to thereby

enable those of ordinary skill in the art to best utilize the invention in various

embodiments and with various modifications as are suited to the particular use
contemplated, as long as the principles described herein are followed. Thus, changes can
be made 1n the above-described invention without departing from the intent and scope
thereof. Moreover, features or components of one embodiment may be provided in
another embodiment. Thus, the present invention 1s intended to cover all such

modification and variations.

14
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What Is Claimed Is:

1. A magnetically driven unit of a fluid pump assembly, comprising:

a housing comprising a base and a nozzle, wherein the nozzle releasably connects
to the base by relative rotation of the nozzle and the base to engage locking tabs and
locking grooves;

a rotator at least partially contained 1n the housing, the rotator comprising a
magnet constructed and arranged to be magnetically coupled to and rotationally driven by
a drive unit magnet;

a shaft operatively connected to the rotator;

a blade operatively coupled with the shaft;

a magnet cover disposed between the magnet of the rotator and the blade, and
cooperating with the base to enclose the rotator magnet so that the rotator magnet is
disposed between the base and the magnet cover; and

an axle concentrically surrounded by the shatft.

2. The magnetically driven unit of claim 1, wherein the axle comprises a flanged base.

3. The magnetically driven unit of claim 2, wherein the flanged base contacts a surface

of the base.

4. The magnetically driven unit of claim 3, further comprising a ceramic sleeve

concentric with the axle and positioned between the axle and the shatft.

15
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5. The magnetically driven unit of claim 4, wherein at least a portion of the ceramic

sleeve is concentric with and surrounded by a bearing.

6. The magnetically driven unit of claim 2, wherein the axle comprises a metallic

material.

7. The magnetically driven unit of claim 1, wherein the nozzle comprises a plurality of
ribs spaced apart from one another to create openings for allowing fluid to tlow

therethrough.

8. The magnetically driven unit of claim 1, further comprising a casing surrounding the

drive unit magnet.

9. The magnetically driven unit of claim 1, further comprising a lower bearing connected

to the rotator.

10. A fluid pump assembly, comprising:

the magnetically driven unit of claim 1; and

the drive unit, wherein the drive unit magnet provides rotational driving for the

blade of the magnetically driven unit.

16
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11. The magnetically driven unit of claim 1, further comprising a sleeve concentric with

and surrounding the axle.

12. The magnetically driven unit of claim 11, wherein the sleeve comprises a ceramic

material and the axle comprises a metallic material.

13. The magnetically driven unit of claim 11, wherein the shaft, the axle, and the sleeve

are concentric with one another.

14. The magnetically driven unit of claim 9, wherein the lower bearing 1s positioned

between the rotator magnet and the base.

15. A magnetically driven unit, comprising:

a housing comprising a base and a nozzle, wherein the nozzle releasably connects
to the base by rotatable engagement of locking tabs and locking grooves;

a rotator at least partially contained in the housing, the rotator comprising a
magnet constructed and arranged to be magnetically coupled to and rotationally driven by

a drive unit magnet;
a shaft operatively connected to the rotator;
a blade operatively coupled with the shatt;

a magnet cover disposed between the magnet of the rotator and the blade, and
cooperating with the base to enclose the rotator magnet so that the rotator magnet 1s

disposed between the base and the magnet cover;

17
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an axle concentrically surrounded by the shaft;

a lower bearing connected to the rotator and positioned between the rotator
magnet and the base; and

a thrust washer positioned between the lower bearing and the base.

16. The magnetically driven unit of claim 15, wherein the axle comprises a tlanged base.

17. The magnetically driven unit of claim 16, wherein the flanged base contacts a surface

of the base.

18. The magnetically driven unit of claim 15, further comprising a ceramic sleeve

concentric with the axle and positioned between the axle and the shaft.

19. The magnetically driven unit of claim 18, wherein at least a portion of the ceramic

sleeve 1s concentric with and surrounded by a bearing.

20. The magnetically driven unit of claim 15, wherein the axle compfis es a metallic

material.

21. A magnetically driven unit of a fluid pump assembly, comprising:

a housing comprising a base and a nozzle, wherein the nozzle releasably connects
to the base by relative rotation of the nozzle and the base to engage locking tabs and

locking grooves;

13
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a rotator at least partially contained in the housing, the rotator comprising a

magnet constructed and arranged to be magnetically coupled to and rotationally driven by
a drive unit magnet;

a shaft operatively connected to the rotator;

a blade operatively coupled with the shaft;

a magnet cover disposed between the magnet of the rotator and the blade, and

cooperating with the base to enclose the rotator magnet so that the rotator magnet is

disposed between the base and the magnet cover; and

an axle concentrically surrounded by the shaft.

22. The magnetically driven unit of claim 21, wherein the axle comprises a flanged base.

23. The magnetically driven unit of claim 22, wherein the flanged base contacts a surface

of the base.

24. The magnetically driven unit of claim 23, further comprising a ceramic sleeve

concentric with the axle and positioned between the axle and the shatft.

25. The magnetically driven unit of claim 24, wherein at least a portion of the ceramic

sleeve 1s concentric with and surrounded by a bearing.

26. The magnetically driven unit of claim 22, wherein the axle comprises a metallic

material.

19

CA 3022597 2018-10-30



27. The magnetically driven unit of claim 21, wherein the nozzle comprises a plurality of

ribs spaced apart from one another to create openings for allowing tluid to tlow

therethrough.

28. The magnetically driven unit of claim 21, further comprising a casing surrounding

the drive unit magnet.

29. The magnetically driven unit of claim 21, further comprising a lower bearing

connected to the rotator.

30. A fluid pump assembly, comprising:
the magnetically driven unit of claim 21; and
the drive unit, wherein the drive unit magnet provides rotational driving for the

blade of the magnetically driven unit.

31. The magnetically driven unit of claim 21, further comprising a sleeve concentric with

and surrounding the axle.

32. The magnetically driven unit of claim 31, wherein the sleeve comprises a ceramic

material and the axle comprises a metallic material.
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33. The magnetically driven unit of claim 31, wherein the shaft, the axle, and the sleeve

are concentric with one another.

34. The magnetically driven unit of claim 29, wherein the lower bearing is positioned

between the rotator magnet and the base.

35. A magnetically driven unit, comprising:

a housing comprising a base and a nozzle, wherein the nozzle releasably connects
to the base by rotatable engagement of locking tabs and locking grooves;

a rotator at least partially contained in the housing, the rotator comprising a
magnet constructed and arranged to be magnetically coupled to and rotationally driven by
a drive unit magnet;

a shaft operatively connected to the rotator;

a blade operatively coupled with the shatt;

a magnet cover disposed between the magnet ot the rotator and the blade, and
cooperating with the base to enclose the rotator magnet so that the rotator magnet 1s
disposed between the base and the magnet cover;

an axle concentrically surrounded by the shaft;

a lower bearing connected to the rotator and positioned between the rotator
magnet and the base; and

a thrust washer positioned between the lower bearing and the base.

36. The magnetically driven unit of claim 35, wherein the axle comprises a tlanged base.
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37. The magnetically driven unit of claim 36, wherein the flanged base contacts a surtace

of the base.

38. The magnetically driven unit of claim 37, further comprising a ceramic sleeve

concentric with the axle and positioned between the axle and the shatt.

39. The magnetically driven unit of claim 38, wherein at least a portion of the ceramic

sleeve 1s concentric with and surrounded by a bearing.

40. The magnetically driven unit of claim 35, wherein the axle comprises a metallic

material.

41. A magnetically driven unit of a fluid pump assembly, comprising:

a housing comprising a base and a nozzle, the nozzle having a base section
connecting to the base, an end section, and a central section extending between the base
section and the end section;

a rotator at least partially contained in the housing, the rotator comprising a

magnet constructed and arranged to be magnetically coupled to and rotationally driven by
a drive unit magnet;

a shaft operatively connected to the rotator;
a blade operatively coupled with the shaft;

a magnet cover cooperating with the base to enclose the rotator; and
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an axle concentrically surrounded by the shaft, wherein the end section contains a
top wall and arms projecting from the top wall to a central hub, the arms allows fluid to

flow therebetween and the central hub forms an upper constraint to receive a top portion

of the axle.

42. The magnetically driven unit of claim 41, wherein the axle comprises a flanged base.

43. The magnetically driven unit of claim 42, wherein the flanged base contacts a surface

of the base.

44. The magnetically driven unit of claim 43, further comprising a ceramic sleeve

concentric with the axle and positioned between the axle and the shaft.

45. The magnetically driven unit of claim 44, wherein at least a portion of the ceramic

sleeve 1s concentric with and surrounded by a bearing.

46. The magnetically driven unit of claim 42, wherein the axle comprises a metallic

material.

4’7. The magnetically driven unit of claim 41, wherein the nozzle comprises a plurality of

ribs spaced apart from one another to create openings for allowing fluid to flow

therethrough.
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48. The magnetically driven unit of claim 41, further comprising a casing surrounding

the magnet of the rotor.

49. The magnetically driven unit of claim 41, further comprising a lower bearing

connected to the rotator.

50. A fluid pump assembly, comprising:
the magnetically driven unit of claim 41; and
a drive unit comprising the drive unit magnet for magnetically coupling to and

rotationally driving the blade of the magnetically driven unat.

51. A magnetically driven unit of a fluid pump assembly, comprising:

a housing comprising a base and a nozzle extending from the base, the nozzle
having a base section connecting to the base, an end section, and a central section
extending between the base section and the end section;

a rotator at least partially contained in the housing, the rotator comprising a

magnet constructed and arranged to be magnetically coupled to and rotationally driven by

a drive unit magnet;
a shaft operatively connected to the rotator;

a blade operatively coupled with the shaft; and
an axle operably associated with the shatt, wherein the bottom of the axle

comprises a flanged base, and wherein the end section contains a top wall and arms
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projecting from the top wall to a central hub, the arms allows tluid to tflow therebetween

and the central hub forms an upper constraint to receive a top portion of the axle.

52. The magnetically driven unit of claim 51, further comprising a sleeve concentric with

and surrounding the axle.

53. The magnetically driven unit of claim 52, wherein the sleeve comprises a ceramic

material and the axle comprises a metallic material.

54. The magnetically driven unit of claim 51, wherein the shaft, the axle, and the sleeve

are concentric with one another.

55. The magnetically driven unit of claim 51, wherein the tlanged base of the axle

contacts a surface of the base.

56. The magnetically driven unit of claim 51, wherein the base and the nozzle are

releasably connected to one another.

S7. The magnetically driven unit of claim 12, further comprising a lower bearing
concentric with and surrounding the sleeve, wherein the lower bearing is positioned

between the magnet ot the rotor and the base.
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58. The magnetically driven unit of claim 57, further comprising a thrust washer

positioned between the lower bearing and the base.

59. A fluid pump assembly, comprising:

the magnetically driven unit of claim 51; and

a drive unit comprising the drive unit magnet for magnetically coupling to and

rotationally driving for the blade of the magnetically driven unit.

60. The magnetically driven unit of claim 41 wherein the top wall forms a ring and the

central hub 66 is located approximately at the center of the ring.
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