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TITLE

ROTARY DEVICE HAVING A RADIAL MAGNETIC COUPLING

BACKGROUND OF THE INVENTION

Cross-Reference to Related Application

[0001] This application claims the benefit of U.S. patent application Serial
No. 14/204,509 filed March 11, 2014, which is hereby incorporated herein by

reference.

Field of the Invention

[0002] The present invention generally relates to radial magnetic couplings
that may be used in rotary equipment, such as pumps, mixers and compressors, and
more particularly to rotary devices having a radial magnetic coupling wherein the
magnetic coupling transmits torque from one component to another through a

stationary fluid barrier.

Discussion of the Prior Art

[0003] In many rotary devices, such as pumps, mixers and compressors, it is
desirable to avoid rotating seals. Magnetic couplings have been developed with a
magnet coupling that utilizes a driven component and a drive component with the
driven component being driven via a non-contacting permanent magnet coupling in a
radial magnet orientation. Such equipment frequently is referred to as being sealless,
but actually includes inner and outer magnets separated by a canister that is sealed
with one or more static seals.

[0004] Radial magnetic couplings that utilize permanent magnets are

common, for example, in rotodynamic (also known as kinetic or centrifugal) pumps.
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The radial magnetic couplings consist of three main components: a larger, outer
coupling component (also known as an outer magnet ring or outer rotor) with multiple
permanent magnets on its inner surface; a smaller, inner coupling component (also
known as an inner magnet ring or inner rotor) with multiple permanent magnets on its
outer surface; and a containment canister (also known as a can, shell, shroud, barrier
or portion of a casing) separating the inner and outer components and forming a
stationary boundary or barrier for the fluid chamber. The magnets on the inner and
outer components are disposed in axial alignment with each other to match up and
synchronize the inner and outer components, such that as one component is rotated,
the other component is synchronized and forced to follow, whereby the pump
impeller or pumping rotor is driven. Neither of the inner or outer coupling
components physically touches the other, and they rotate in separate environments,
separated by the canister.

[0005] The radial magnetic couplings are of two configurations, “outer drive”
and “inner drive”. Most radial magnetic couplings have an outer drive arrangement in
which the outer magnetic coupling component is outside of the canister, and therefore,
outside of the equipment’s fluid chamber, which would be contained within the
canister. The outer magnetic coupling component in such equipment usually is driven
by an external power source, such as a motor. In such configurations, the inner
magnetic coupling component is disposed inside the equipment’s fluid chamber and is
connected to the equipment’s rotor. Thus, in such outer drive arrangements, a
containment canister provides the boundary for the equipment’s fluid chamber, with
the fluid chamber being inside the canister.

[0006] Although less common, some radial magnetic couplings have an inner
drive arrangement, which utilizes the same three general components, but the roles are

reversed. The inner magnetic coupling component is inside of the canister, and the
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equipment’s fluid chamber is defined by the space between the outside of the canister
and the casing. The inner drive portion also usually is driven by an external power
source, such as a motor, while the outer magnetic coupling component is outside of
the canister and is within the equipment’s fluid chamber, and is connected to the
equipment’s rotor. The canister again provides the boundary for the equipment’s
fluid chamber, but in an inner drive arrangement the fluid chamber is outside of the
canister.

[0007] Permanent magnet coupled pumps generally utilize end suction via an
axial inlet, are of single stage or multistage configuration, and may include an
overhung impeller design. The overhung impeller design has the impeller mounted
on a rotor assembly which contains a first magnet ring of a magnet coupled drive
spaced from the pumping element. A second magnet ring is mounted on the rotatable
shaft of a frame that is coupled to a motor or power drive device. The pump, frame
that supports the rotatable shaft and the power drive device generally are mounted on
a common base plate. Close coupled permanent magnet coupled pumps tend to be of
a somewhat similar construction to the separately coupled version, except that the
second magnet ring is mounted directly on the driver shaft of the power drive device.
The drive section utilizes permanent magnets or an eddy current drive system to
transmit power to the impeller. This type of sealless pump uses a standard motor to
drive the second magnet ring, which in turn, via the magnetic coupling, drives the first
magnet ring. A containment canister that contains the process fluid sealingly
separates the magnet components.

[0008] Typically, the canister is a unitary (1-piece) design shaped like a cup,
with a thin generally cylindrical portion between the magnets and a flat or domed
portion closing off one end. The thin cylindrical portion is advantageous to minimize

the total radial gap between the inner and outer magnets, so as to create more torque
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for a given volume of magnet material. In most cases, the canister is made of metal,
since metal allows for a strong yet thin design. But because metal is electrically
conductive, eddy currents are created in the canister when the coupling is rotated due
to the rotating magnetic field between the inner and outer magnets. These eddy
currents convert some of the transmitted power into heat, which wastes power and
often has detrimental effects on the equipment and/or the fluid within the equipment.

[0009] Some canister designs use non-metallic composites instead of metal.
This eliminates the eddy current heating, but usually results in a much thicker
cylindrical portion between the magnets, which increases the total radial gap between
the magnets and therefore reduces the torque created for a given volume of magnet
material.

[00010] Most magnetic coupling designs also require the magnets to be
protected from contact with the fluid inside the equipment. For a rotor that is inside
the fluid chamber, this usually requires a separate component or components, such as
a sleeve or coating between the magnets and the canister, which unfortunately
increases the total radial gap between the magnets, and therefore, reduces torque.

[00011] All magnetic coupling designs have some form of a bearing system to
support a rotor inside the fluid-chamber. This support is normally needed in both a
radial and an axial direction. In most cases, the bearing system is a plain bearing
system, where the support is accomplished by bearing surfaces sliding against each
other. In most cases, these systems have separate stationary and rotating components,
each with one or more bearing surfaces that engage each other to provide radial or
axial support. When the sole or primary purpose of one of these components is to
provide a bearing surface, then the component is commonly referred to as a bushing.
The bushing components usually are not positioned within the radial gap between the

magnets, since this would greatly increase the total radial gap between the magnets,
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and therefore, greatly reduce torque. Instead, they commonly are positioned on the
rotor beyond one end or both ends of the magnets.

[00012] When a bushing is positioned at only one end, the rotor support is
cantilevered, which disadvantageously allows much more deflection of the rotor.
When bushings are positioned beyond both ends of the magnets, the undesired
cantilever support is eliminated, but special care must be taken to ensure the bushings
are precisely aligned with each other and the equipment may require greater axial
space.

[00013] Also, it generally is advantageous to have a full fluid film between the
bearing surfaces of the rotating bushing and the stationary component, especially
when the bushing is of an elongated design, because it reduces friction and wear. For
radial bushings, one way to improve the fluid film is to make the bearing surface of
the bushing axially longer. However, because the bushings typically are positioned
beyond either end of the magnets, lengthening the bearing surfaces would
disadvantageously require substantially greater axial space.

[00014] The present disclosure addresses shortcomings in prior art equipment
having a magnetic coupling, while providing numerous advantages over the prior art,

as discussed herein.

SUMMARY OF THE INVENTION

[00015] The purpose and advantages of the disclosed subject matter will be set
forth in and apparent from the description and drawings that follow, as well as will be
learned by practice of the claimed subject matter. While the rotary magnetic drive
systems of the present disclosure are shown incorporated into rotary devices in the

configuration of a pump, it will be understood that the structures and principles of
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operation also may be utilized in other rotary equipment to transmit torque through a
stationary fluid barrier, such as in mixers, compressors, or the like.

[00016] In a first aspect, the disclosure provides a rotary device having a
magnet coupling comprising a casing having a front portion and a rear portion, a
rotatable inner drive portion of a magnetic coupling having multiple magnets
proximate an outer periphery of the inner drive portion, a rotor assembly that includes
a driven portion of the magnetic coupling having multiple magnets proximate an inner
periphery of the rotor assembly, and the inner drive portion and rotor assembly being
disposed within the casing and being rotatable about a rotational axis. The rotary
device further includes a stationary canister comprising a substantially cylindrical
portion disposed between the magnets of the inner drive portion and the magnets of
the rotor assembly and includes a radial bearing surface that engages the rotor
assembly, an axial bearing surface that engages the rotor assembly in one axial
direction, and separates an internal fluid chamber within the casing from the inner
driven portion.

[00017] In a second aspect, the disclosure provides a rotary device having a
magnet coupling comprising a casing having a front portion and a rear portion, a
rotatable inner drive portion of a magnetic coupling having multiple magnets
proximate an outer periphery of the inner drive portion, a rotor assembly that includes
a driven portion of the magnetic coupling having multiple magnets proximate an inner
periphery of the rotor assembly, and the inner drive portion and rotor assembly being
disposed within the casing and being rotatable about a rotational axis. The rotary
device further includes a stationary canister comprising a substantially cylindrical
portion disposed between the magnets of the inner drive portion and the magnets of
the rotor assembly, a canister end cap portion that seallingly closes a front end of the

stationary canister and is supported by or integrally formed with the front portion of
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the casing, and a rear end of the stationary canister that contacts or is integral with the
rear portion of the casing, wherein the stationary canister separates an internal fluid
chamber within the casing from the inner driven portion, and wherein the rotor
assembly further comprises a bushing disposed between the inner periphery of the
magnets of the rotor assembly and the stationary canister wherein the bushing
includes a radial bearing surface that engages the stationary canister, an axial bearing
surface that engages the stationary canister in one axial direction, and separates the
magnets of the rotor assembly from contact with fluid within the casing.

[00018] In a third aspect, the disclosure provides a rotary device having a
magnet coupling comprising a casing having a front portion and a rear portion, a
rotatable inner drive portion of a magnetic coupling having multiple magnets
proximate an outer periphery of the inner drive portion, a rotor assembly that includes
a driven portion of the magnetic coupling having multiple magnets proximate an inner
periphery of the rotor assembly, the inner drive portion and rotor assembly being
disposed within the casing and being rotatable about a rotational axis, and a stationary
canister comprising a substantially cylindrical portion disposed between the magnets
of the inner drive portion and the magnets of the rotor assembly, wherein the
stationary canister is held in place radially and axially in compression through the
substantially cylindrical portion between the front and rear casing portions and
separates an internal fluid chamber within the casing from the inner driven portion.

[00019] In a fourth aspect, the disclosure provides a rotary device having a
magnet coupling comprising a casing having a front portion and a rear portion, a
rotatable inner drive portion of a magnetic coupling having multiple magnets
proximate an outer periphery of the inner drive portion, a rotor assembly that includes
a driven portion of the magnetic coupling having multiple magnets proximate an inner

periphery of the rotor assembly, the inner drive portion and rotor assembly being
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disposed within the casing and being rotatable about a rotational axis, and a multi-
piece canister having a substantially cylindrical portion constructed of a material that
is non-conductive or semi-conductive and being disposed between the magnets of the
inner drive portion and the magnets of the rotor assembly, and an end cap portion that
closes the substantially cylindrical portion and is constructed of a material that is non-
conductive, semi-conductive or conductive, and wherein the multi-piece stationary
canister separates an internal fluid chamber within the casing from the inner driven
portion.

[00020] In a fifth aspect, the disclosure provides a rotary device having a
magnet coupling comprising a casing having a front portion and a rear portion, a
rotatable inner drive portion of a magnetic coupling having multiple magnets
proximate an outer periphery of the inner drive portion, a rotor assembly that includes
a driven portion of the magnetic coupling having multiple magnets proximate an inner
periphery of the rotor assembly, and the inner drive portion and rotor assembly being
disposed within the casing and being rotatable about a rotational axis. The rotary
device further includes a stationary canister comprising a substantially cylindrical
portion disposed between the magnets of the inner drive portion and the magnets of
the rotor assembly, a canister end cap portion that seallingly closes a front end of the
stationary canister and is supported by or integrally formed with the front portion of
the casing, and a rear end of the stationary canister that contacts or is integral with the
rear portion of the casing. The rotary device also includes a bushing disposed
between the inner periphery of the magnets of the rotor assembly and the substantially
cylindrical portion of the stationary canister, and wherein the stationary canister
separates an internal fluid chamber within the casing from the inner driven portion
and the canister end cap portion is removable to access the inner drive portion while

the rotor assembly remains within the rear portion of the casing.
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[00021] The disclosure provides rotary devices that may include numerous
advantageous aspects for rotary magnetically coupled devices, such as, a bushing that
serves three purposes, a stationary canister that serves three purposes, the stationary
canister being made of two separate parts including a substantially cylindrical portion
and a canister end cap portion, and the two separate parts optionally being constructed
of the same or different materials, with the stationary canister being held in
compression through the substantially cylindrical portion between the front and rear
casing portions when the device is fully assembled.

[00022] These advantages may be further enumerated or described in more
discrete ways. Dor instance, the rotary device may have fewer parts because the
bushing and substantially cylindrical portion of the stationary canister serve multiple
purposes. There is no potential for misalignment of bearing surfaces, because the
radial and thrust bearing surfaces are on a single bushing component and a
complementary canister. The design also allows for a thin, non-conductive canister
material, which eliminates the energy loss and heating from eddy currents, while
minimizing the magnet radial gap for maximum torque. In addition, the simple
shapes of the bushing and substantially cylindrical portion of the stationary canister
allow for a very robust bushing made from silicon carbide, tungsten carbide or other
suitable hard bushing materials. The bushing also provides for an excellent fluid-film,
due to the long radial bearing surface of the bushing.

[00023] The rotary devices of the disclosure also may have improved casing
fatigue life, because the casing is pre-stressed by placing the stationary canister in
compression through the substantially cylindrical portion when the pump is
assembled. This pre-stress negates some of the normal stress when the pump is
pressurized, so the casing is exposed to less-extreme stress cycles during normal

pressure on-off cycles.
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[00024] In addition, the stationary canister is held in place axially and radially
in compression through the substantially cylindrical portion, as opposed to being in
tension. This is desirable as many suitable canister materials are stronger in
compression than in tension, and this configuration eliminates cantilever support of
the stationary canister. The compression or clamping force also allows use of a
simple design for a static seal between the stationary canister and the canister end cap
portion.

[00025] In a related manner, non-conductive materials that would be suitable
for a typical canister (strong and thin) are expensive and difficult to form into
complex shapes, such as a typical unitary (1-piece) cup-shaped canister having a
cylindrical side wall and a closed end wall. However, the present disclosure includes
a stationary canister having a substantially cylindrical portion and an end cap portion
that are separate pieces, which provides advantages that include the substantially
cylindrical portion being smaller (shorter in length) and having a much more simple
shape (generally an open cylinder as opposed to a cup), so it can be made
economically. This also permits use of a non-conductive canister material (positioned
between the magnets), which eliminates the energy loss and heating from eddy
currents, and the canister end cap portion does not need to be non-conductive, so it
may be a rather simple, inexpensive part.

[00026] This design also has a unique feature in that the inner drive portion is
easily accessed from the front of the pump when only two components are removed,
namely, the casing front portion and the canister end cap portion. 'This, in turn,
provides advantages that include easy assembly and disassembly of the rotary device,
a simple and safe method of dealing with strong magnetic forces when joining or
separating magnetically coupled components, the ability to join and separate

magnetically coupled portions in a precise, controlled fashion which protects the
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substantially cylindrical portion of the stationary canister, which is particularly
beneficial when the stationary canister is fragile, such as in a device where the
canister may be made of silicon carbide, and the ability to inspect or remove the inner
magnetic portion quickly without major pump disassembly.

[00027] The present disclosure further includes examples of alternative
embodiments of rotary devices that highlight the fact that the inventive subject matter
can be applied to equipment of various designs, even though the examples shown
herein are in the form of pump configurations. Moreover, the rotary devices may be
of metallic construction, or at least partially of non-metallic construction, such as for
pumps where the fluids only contact non-metallic surfaces. Indeed, pumps in
accordance with the present disclosure may include interior surfaces that are
constructed of specific materials and/or have particular surface finishes wherein the
interior surfaces permit use of the pumps in hygienic applications where microbial
growth must be prevented.

[00028] Utilization of the subject matter in the present disclosure can lead to
construction of rotary devices that are more compact, since the magnet coupling and
bushings are essentially packaged within the same axial space. Thus, the axial length
of rotary devices can be reduced, which may have advantages resulting in the ability
to use longer magnets for greater torque generation within the same axial space.
Alternatively, this may provide an option to use many smaller and/or less expensive
components relative to a rotary device having a conventional magnet coupling. This,
in turn, can result in rotary devices that require a smaller volume or space for
mounting, and that are of lighter weight and are easier to handle.

[00029] It is to be understood that both the foregoing general description and
the following detailed description are exemplary and provided for purposes of

explanation only, and are not restrictive of the subject matter claimed. Further
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features and objects of the present disclosure will become more fully apparent in the

following description of the preferred embodiments and from the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[00030] In describing the preferred embodiments, reference is made to the
accompanying drawing figures wherein like parts have like reference numerals, and
wherein:

[00031] FIG. 1 is a cross-sectional view of a first example of a device having a
rotatable inner drive portion and a magnet coupling which are disposed within a rotor
assembly that includes an impeller of a pump.

[00032] FIG. 2 is an enlarged cross-sectional view of the rotor assembly shown
in FIG. 1 which includes a bushing at the inner periphery.

[00033] FIG. 3 is a perspective exploded view of the rotor assembly shown in
FIGS. 1 and 2.

[00034] FIG. 4 is a partially-sectioned exploded view of the rotor assembly and
the substantially cylindrical portion of the stationary canister shown in FIG. 1.

[00035] FIG. 5 is a cross-sectional view of the assembled casing front and rear
portions, with the stationary canister shown in FIG. 1.

[00036] FIG. 6 is a perspective exploded view of the components shown in
FIG. 5.

[00037] FIG. 7A is a cross-sectional view of the device shown in FIG. 1 with
the front casing removed.

[00038] FIG. 7B is a cross-sectional view of the device shown in FIG. 7A with
the inner drive portion in a position partially inserted into the rotor assembly.

[00039] FIG. 7C is a cross-sectional view of the device shown in FIG. 7A with

the inner drive portion aligned with the rotor assembly and ready for insertion.
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[00040] FIG. 8A is a cross-sectional view of an alternative front casing and
separate canister end cap portion, which differ from that which is shown in the
example of FIG. 1.

[00041] FIG. 8B is a perspective exploded view of the components shown in
FIG. 8A, with the front casing being partially sectioned.

[00042] FIG. 9A is a cross-sectional view of a further alternative front casing
and a separate unitary stationary canister, which differ from that which is shown in
the examples of FIGS. 1 and 8A.

[00043] FIG. 9B is a perspective exploded view of the components shown in
FIG. 9A, with the front casing being partially sectioned.

[00044] FIG. 10A is a cross-sectional view of another alternative front casing
and separate canister end cap portion, which differ from that which is shown in the
examples of FIGS. 1, 8A and 9A.

[00045] FIG. 10B is a perspective exploded view of the components shown in
FIG. 10A, with the front casing being partially sectioned.

[00046] FIG. 11A is a cross-sectional view of complementary components to
that shown in FIGS. 10A and 10B of an alternative example rotary device, with the
inner drive portion aligned with the rotor assembly and ready for insertion.

[00047] FIG. 11B is a cross-sectional view of the device shown in FIG. 11A
with the inner drive portion in a position partially inserted into the rotor assembly.

[00048] FIG. 11C is a cross-sectional view of the device shown in FIG. 11A
with the inner drive portion fully inserted into the rotor assembly.

[00049] It should be understood that the drawings are not to scale. While some
mechanical details of a rotary device with magnet coupling, including details of
fastening means and other plan and section views of the particular components, have

not been included, such details are considered well within the comprehension of those
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of skill in the art in light of the present disclosure. It also should be understood that

the present invention is not limited to the example embodiments illustrated.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[00050] Referring generally to FIGS. 1-7C, it will be appreciated that a rotary
device 10 in the configuration of a pump, and component parts thereof, are shown.
The rotary device 10 includes a casing 12 having a casing front portion 14 connected
to a casing rear portion 16. The connection may be made, for example, by using
fasteners 18, shown as threaded bolts, which pass through bores 20 in the casing front
portion 14 and into threaded bores 22 in the casing rear portion 16. The casing front
portion 14 also is sealed to the casing rear portion 16 by use of a static seal 24, such as
an elastomeric O-ring, or preformed or liquid gasket or the like, which is positioned in
a seal retaining well 26 in the casing front portion 14.

[00051] The casing 12 may be constructed of rigid materials, such as steel,
stainless steel, cast iron or other metallic materials, or structural plastics or the like.
However, it will be appreciated that the casing 12 and all surfaces that contact the
fluid that will flow through the pump may present a non-metallic surface, such as by
use of a liner or application of a non-metallic coating. Thus, rotary equipment of the
present disclosure may have interior surfaces that are constructed of specific materials
and/or have particular interior surface finishes that permit use of the equipment in
hygienic applications where microbial growth must be prevented. The casing 12 in
this example also includes an inlet port 28 in the casing front portion 14 having an
axial orientation and an outlet port 30 in the casing rear portion 16 having a radial
orientation and being in communication with a pumping chamber 32 that is within the

casing 12.
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[00052] A rotatable inner drive portion 34 is disposed within the casing 12 and
is rotatable about a rotational axis R. The inner drive portion 34 includes an inner
magnet ring 36. The inner magnet ring 36 preferably is constructed of carbon steel or
other suitable ferromagnetic material. Multiple magnets 38 are connected proximate
an outer periphery of the inner drive portion 34. The magnets 38 are permanent
magnets and may be of any configuration, but preferably are rectangular and
connected to the inner magnet ring 36 by chemical means, such as by epoxy or
adhesives, or may be connected by suitable fasteners, such as by rivets or the like.

[00053] The inner drive portion 34 is connected to a spindle or shaft extension
40 by receiving a fastener 42, shown as a threaded bolt, which passes through a bore
44 in the inner magnet ring 36. The fastener 42 receives a retainer ring 43 in a groove
on its shaft just inside of the inner magnet ring 36. In this configuration, the end of
the inner magnet ring 36 is captured between a head 45 of the fastener 42 and the
retainer ring 43, but is free to rotate relative to the fastener 42. The threaded shaft of
the fastener 42 is received in a threaded bore 46 in the spindle 40. The spindle 40, in
turn, is connected to a shaft 48 of a motor 50 by use of an axially disposed key 52 in a
keyway 54 of the spindle 40 and a corresponding keyway 56 of the shaft 48. In
addition, a set screw 58 is radially disposed in a threaded bore 60 in the spindle 40
and engages the shaft 48 of the motor. The fastener 42 may be rotated to move the
inner drive portion 34 toward or away from the spindle 40 and the magnetic coupling
of the rotor assembly 70. The spindle 40 preferably is constructed of stainless steel,
aluminum or other suitable non-ferromagnetic material, which prevents interaction
with the magnets 74 during installation or removal of the spindle 40.

[00054] In this example, a bracket or adapter 62 is used to locate the motor 50
relative to the casing rear portion 16. This permits the casing rear portion 16 to be

constructed of a different material than the bracket 62, such as may be desirable if
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trying to control costs while also having the casing rear portion 16 be constructed of
stainless steel. The bracket 62 is connected to the casing rear portion 16 by fasteners
64, shown as threaded bolts, which pass through bores 66 in the bracket 62 and into
threaded bores 68 in the casing rear portion 16.

[00055] A rotor assembly 70 is disposed within the pumping cavity 32 of the
casing 12 and is rotatable about the rotational axis R. The rotor assembly 70 includes
an outer magnet ring 72, with multiple magnets 74 connected proximate an inner
periphery of the rotor assembly 70. The outer magnet ring 72 preferably is
constructed of carbon steel or other suitable ferromagnetic material. As with the
magnets 38 of the inner drive portion 34, the magnets 74 of the rotor assembly 70 are
permanent magnets and may be of any configuration, but are preferably rectangular
and arranged with alternating polarity for better magnetic flux between the ends of the
magnets. The outer magnet ring 72 and magnets 74 are disposed within an impeller
76 which is joined at the rear by a cup-shaped retaining ring 78, and closed inwardly
by a bushing 80 that includes a substantially cylindrical portion 82 that extends
longitudinally from the cup-shaped retaining ring 78 at the rear of the rotor assembly
70 to a front rim 84 that extends radially outward to the inside of the impeller 76 at
the front of the rotor assembly 70. These components of the rotor assembly 70 are
held together by chemical means, such as by epoxy or adhesives, or may be connected
by suitable fasteners, such as by rivets or the like.

[00056] A stationary canister 86 shields the inner drive portion 34 from fluid in
the casing. 'The stationary canister 86 includes a generally cylindrical portion 88 and
a separate canister end cap portion 90. In the inner drive arrangement of the present
rotary device 10, the casing 12 and the outer surface of the stationary canister 86
define the pumping cavity 32 that is in communication with the inlet port 28 and

outlet port 30. The generally cylindrical portion 88 has a relatively simple
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configuration without an integral closed end, so it can be constructed more easily and
of materials such as silicon carbide, carbon graphite or any other suitable material
other than ferromagnetic. The generally cylindrical portion 88 includes a
substantially cylindrical portion 92 that extends between and separates the magnets 38
of inner drive portion 34 from the magnets 74 of the rotor assembly 70. The generally
cylindrical portion 88 also includes a neck 94 at a rear end and a front rim 96 that
extends radially outward at the front end.

[00057] In this example, the neck 94 has a smaller diameter than the
substantially cylindrical portion 92. The neck 94 fits within a central bore 98 of the
casing rear portion 16 and is sealed to the casing rear portion by a static seal 100.
Similar to the seal 24 between the casing front and rear portions 14, 16, the seal 100
may be constructed of various materials, such as an elastomeric O-ring, or preformed
or liquid gasket or the like, which is positioned on the outer wall of the generally
cylindrical portion 88 at the step in diameter from the neck 94 to the substantially
cylindrical portion 92.

[00058] In this example, the canister end cap portion 90 is integrally formed
with the casing front portion 14. A web in the form of ribs or legs 102 within the
casing front portion 14 extend inward to the domed-shaped canister end cap portion
90. The canister end cap portion 90 includes a locating extension 104 that extends
rearward to fit within the bore 106 of the front rim 96 and generally cylindrical
portion 88 of the stationary canister 86. The canister end cap portion 90 also has a
seal retaining well 108 that receives a static seal 110 that is sealed to the front rim 96
of the stationary canister 86. As with the aforementioned seals 24, 100, the seal 110
may be constructed of various materials, such as an elastomeric O-ring, or preformed
or liquid gasket or the like, which is positioned between the seal retaining well 108

and the front rim 96.
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[00059] As may be seen in FIGS. 2-4, the bushing 80 includes an elongated
radial bearing surface 112 along the inside of the substantially cylindrical portion 82,
and an axial thrust bearing surface 114 at the end of the front rim 84. As such, the
bushing 80 of the rotor assembly 70 serves three purposes by including a radial
bearing surface that engages the stationary canister 86, an axial bearing surface that
engages the stationary canister 86 in one axial direction, and by separating or isolating
the magnets 74 of the rotor assembly 70 from contact with fluid within the casing 12.
To enhance the fluid film along the radial bearing surface 112, the bushing 80 may
include reliefs or undercuts 116.

[00060] The stationary canister 86 may be seen in FIG. 4 as providing an
elongated radial bearing surface 118 along the outer surface of the substantially
cylindrical portion 92, and an axial bearing surface 120 on the rear surface of the front
rim 96. The stationary canister 86 serves three purposes by including a radial bearing
surface that engages the rotor assembly 70, an axial bearing surface that engages the
rotor assembly 70 in one axial direction, and by separating or isolating the inner drive
portion 34 and its magnets 38 from the fluid in the pumping chamber 32 that is
defined by the space between the outside of the stationary canister 86 and the casing
12. As an alternative to the reliefs or undercuts 116 being located in the radial
bearing surface 112 of the bushing 80, reliefs or undercuts could be made in the radial
bearing surface 118 along the outer surface of the substantially cylindrical portion 92
of the stationary canister 86.

[00061] When assembling the rotary device 10 in the form of the example
pump shown in FIGS. 1-7C, the bracket 62 is connected to the casing rear portion 16
using the fasteners 64, and then the bracket 62 is aligned with and connected to the
motor 50, such as by use of fasteners to connect the components together directly or

to connect each of the components respectively to a third mounting component, such
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as a base plate or other component (not shown). The stationary canister 86 then is
slipped through the bushing 80 of the rotor assembly 70. A static seal 100 then is
positioned around the neck 94 and the neck 94 is inserted into the central bore 98 in
the casing rear portion 16. The spindle 40 then is mounted on the shaft 48 of the
motor 50 using the key 52 and the set screw 58.

[00062] It will be appreciated that the spindle 40 includes a flared portion 119
that has a larger diameter than the neck 94, and therefore, blocks forward movement
of the stationary canister 86. The canister 86, in turn, blocks forward movement of
the rotor assembly 70 at the axial bearing surface 120 on the rear surface of the front
rim 96, whereas the rotor assembly 70 otherwise would try to move forward when
inserting or removing the inner drive portion 34, due to the attraction between the
magnets 38 and 74. Once all the components are installed and the rotor assembly 70
is not biased by magnetic forces to move axially, the stationary canister 86 does not
interfere with the flared portion 119 or free rotational movement of the rotor assembly
70.

[00063] An assembly of the components to this juncture is shown in FIG. 7C,
with the inner drive portion 34 moved into position for insertion into the substantially
cylindrical portion 92 of the stationary canister 86. To control the insertion of the
inner drive portion 34 and overcome attractive and resistive magnetic forces, the
fastener 42 is used to move the inner drive portion 34 into an assembled position.
This is accomplished by inserting the threaded shaft of the fastener 42 through the
bore 44 in the inner magnet ring 36 and engaging the retainer ring 43 in a groove on
the fastener 42. The fastener 42 then is inserted into the threaded bore 46 in the
spindle 40. The fastener 42 then is gripped at the head 45 and turned to advance the
inner drive portion 34, which is shown in an intermediate position in FIG. 7B and

then in a fully inserted position in FIG. 7A. This provides a simple and safe method
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of dealing with strong magnetic forces when joining or separating the magnetically
coupled components, using precise, controlled movement that protects the
substantially cylindrical portion 92 of the stationary canister 86, while the retainer
ring 43 resists rapid movement of the inner drive portion 34 that is magnetically
attracted to the rotor assembly 70. This is especially beneficial when using fragile
materials in the generally cylindrical portion 88 of the stationary canister 86, such as
silicon carbide.

[00064] As a final step in assembling the rotary device 10, the casing front
portion 14, with its integral canister end portion 90 is installed. Thus, the casing front
portion 14, with the static seal 24 in the seal retaining well 26, and the static seal 110
in the retaining well 108, is brought into position to insert the locating extension 104
of the canister end cap portion 90 into the bore 106 in the substantially cylindrical
portion 92. As the locating extension 104 is inserted into the bore 106, the bores 20 in
the casing front portion 14 are brought into alignment with the threaded bores 22 in
the casing rear portion 16. The fasteners 18 then are used to draw the casing front
portion 14 to the casing rear portion 16, thereby compressing the seal 24 between the
casing front and rear portions 14, 16, while also compressing the seal 100 between the
canister end portion 90 and the front rim 96 of the generally cylindrical portion 88 of
the stationary canister 86.

[00065] When the rotary device 10 is fully assembled, the magnets 38 on the
inner drive portion 34 are in close proximity to, axially aligned with, but separated
from the magnets 74 of the rotor assembly 70 by the relatively thin-walled
substantially cylindrical portion 92 of the stationary canister 86. When the shaft 48 of
the drive motor 50 rotates, it causes the inner magnets 38 to rotate which, via a
magnetic coupling with the outer magnets 74, causes the rotor assembly 70 and its

impeller 76 to rotate. Rotation of the impeller 76 draws fluid into the casing 12
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through the axial inlet port 28 at the front end of the casing front portion 14 and
expels fluid through the radial outlet port 30 in the side of the casing rear portion 16.
The close-coupled drive configuration, with the bushing 80 between the inner drive
portion 34 and rotor assembly 70, also allows for a shorter, more space efficient and
lighter weight, drive and rotary device installation.

[00066] This construction also advantageously provides the ability to remove
the casing front portion 14 to inspect or remove the magnetic inner drive portion 34
quickly and without major pump disassembly. In addition, the process of installing
the inner drive portion 34 may be reversed to achieve controlled separation of the
inner drive portion 34 from the magnetic coupling with the rotor assembly 70. This is
achieved by gripping the head 45 of the fastener 42 and turning the fastener 42 to
withdraw the fastener 42 and the inner drive portion 34 from their engagement with
the spindle 40. Continued rotation to remove the fastener 42 eventually removes the
inner drive portion 34 from the magnetic coupling with the rotor assembly 70, which
is facilitated by the retaining ring 43 in a groove of the fastener 42 that causes the
inner drive portion 34 to move axially with the fastener 42 as it is withdrawn.

[00067] Turning to FIGS. 8A and 8B, a second example casing front portion
130 and canister end cap portion 132 are configured for use with the remainder of the
assembly of the rotary device 10 of the first example. The second example casing
front portion 130 is somewhat similar in construction to the first example casing front
portion 14, having an axial inlet port 134, bores 136 for receiving fasteners for
connection to the casing rear portion 16, and a seal retaining well 138 that receives the
static seal 24 for sealing to the casing rear portion 16.

[00068] In the second example, the stationary canister includes a canister end
cap portion 132 that is a separate component from the casing front portion 130 and the

generally cylindrical portion 88 of the stationary canister. Relative to the previously
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described first example, the canister end cap portion 132 of the second example also
includes a similar locating extension 140 and seal retaining well 142 that receives the
static seal 110. The canister end cap portion 132 includes forward extending ribs or
legs 144 that engage notches 146 within the axial inlet bore 134. This configuration
having the ribs 144 received within the notches 146 allows the casing front portion
130 and its locating extension 140 to locate the stationary canister axially and radially
within the casing of a rotary device.

[00069] This example permits the canister end cap portion 132 to optionally be
constructed of a material that is different than the material used for the casing front
portion 130, while also being able to be constructed of the same or a different material
than the generally cylindrical portion 88 of the stationary canister.

[00070] Turning to FIGS. 9A and 9B, a third example casing front portion 150
and an alternative stationary canister 152 are illustrated. The third example casing
front portion 150 is somewhat similar in construction to the first example casing front
portion 14, having an axial inlet port 154, bores 156 for receiving fasteners for
connection to the casing rear portion 16, and a seal retaining well 158 that receives the
static seal 24 for sealing to the casing rear portion 16.

[00071] In the third example, the stationary canister 152 is of unitary
construction, thus an integrally formed single piece includes both a generally
cylindrical portion 160 and a canister end cap portion 162. Similar to the prior
examples, the generally cylindrical portion 160 includes a substantially cylindrical
portion 164 and a neck 166 at the rear of the stationary canister 152. The stationary
canister 152 and casing front portion 150 are configured for use with the remainder of
the assembly of the rotary device 10 of the first example.

[00072] In the alternative third example, the stationary canister 152 may be

constructed of a material that is different than that of the casing front portion 150.
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The canister end cap portion 162 includes a recess 168 that receives a projection 170
that is integrally connected to the casing front portion 150 by ribs or legs 172 within
the casing front portion 150. The projection 170 fitting within the recess 168 allows
the casing front portion 150 to locate the stationary canister 152 axially and radially
within the casing of a rotary device.

[00073] Turning to FIGS. 10A and 10B, a fourth example casing front portion
176 and canister end cap portion 178 are configured for use together with the
remainder of the assembly of the rotary device 10 of the first example. The fourth
example casing front portion 176 is somewhat similar in construction to the first
example casing front portion 14, having an axial inlet port 180, bores 182 for
receiving fasteners for connection to the casing rear portion 16, and a seal retaining
well 184 that receives the static seal 24 for sealing to the casing rear portion 16.

[00074] In the fourth example, the stationary canister includes the canister end
cap portion 178 that is a separate component from the casing front portion 176 and the
generally cylindrical portion 88 of the stationary canister. Relative to the previously
described first example, the canister end cap portion 178 of the fourth example also
includes a similar locating extension 185 and seal retaining well 186 that receives the
static seal 110. The canister end cap portion 178 includes forward extending ribs or
legs 188 that are joined in a forward flange 190 that is connected to the forward end
of the casing front portion 176 and includes an axial inlet port 192. The forward
flange 190 includes bores 194, while the casing front portion 176 includes threaded
bores 196, with fasteners 198, such as threaded bolts, passing through the bores 194
and being threadably received in threaded bores 196. This configuration having the
ribs 188 connected to the forward flange 190 allows the casing front portion 176 and
its locating extension 184 to locate the stationary canister axially and radially within

the casing of a rotary device.
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[00075] This fourth example permits the canister end cap portion 178 to
optionally be constructed of a material that is different than the material used for the
casing front portion 176, while also being able to be constructed of the same or a
different material than the generally cylindrical portion 88 of the stationary canister.
Each of the examples includes a rotor assembly having a bushing that engages a
stationary canister, with each of these components serving the same three purposes as
were described with respect to the first example embodiment of FIGS. 1-7C.

[00076] The series of FIGS. 7A-7C were described above with respect to the
first example embodiment and how its inner drive portion 34 may be accessed with
the casing front portion 14 removed, as well as be installed in a controlled manner
using a fastener 42. In a similar manner, FIGS. 11A-11C may be viewed to see how
the inner drive portion 200 of the fourth example may be examined, installed or
removed while the casing front portion 176 shown in FIGS. 10A and 10B is installed.

[00077] In the fourth example, the inner drive portion 200 includes an inner
magnet ring 202 with permanent magnets 204. The inner magnet ring 202 has a
central aperture 206, and a pair of spaced apart bores 208. The inner drive portion
200 is configured to be connected to an alternative spindle 210 that includes a central
threaded bore 212 and a pair of spaced apart threaded bores 214. An elongated
threaded fastener 216 may be inserted into the central threaded bore 212, which may
be accessible to rotate through the central aperture 206 in the front end of the inner
magnet ring 202 to advance or retract the inner drive portion 200 relative to the
spindle 210. This can be appreciated when viewing FIGS. 11A and 11B, which show
the inner drive portion 200 in an initial engagement position in FIG. 11A and then in
an intermediate position of installation in FIG. 11B, and by appreciating that the

fastener 216 acts as a jack screw that is used to control the separation of the inner
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drive portion 200 from the spindle 210 to resist the magnetic attraction between the
inner drive portion 200 and the rotor assembly 70.

[00078] When the inner drive portion 200 is relatively close to the spindle 210,
a pair of fasteners 218 may be inserted through the bores 208 in the inner magnet ring
202 and into the spaced apart threaded bores 214. The pair of fasteners 218 are
shown fully installed in FIG. 11C, as well as the remainder of the casing rear portion
16, motor 50, bracket 62 and rotor assembly 70 that may be constructed in the same
manner as in the first example rotary device 10 shown in FIGS. 1-7C. It will be
appreciated that assembly of this example rotary device would be in the same order as
previously described, but the canister end cap portion 178 and its forward flange 190
and static seal 110 may be installed last, or may be connected to the casing front
portion 176, with the casing front portion 176 and its static seal 24 then being
installed last.

[00079] When the rotary device of the fourth example is fully assembled, the
magnets 204 on the inner drive portion 200 are in close proximity to, axially aligned
with, but separated from the magnets 74 of the rotor assembly 70 by the relatively
thin-walled substantially cylindrical portion 92 of the stationary canister 86. When
the shaft 48 of the drive motor 50 rotates, it causes the inner magnets 204 to rotate
which, via a magnetic coupling with the outer magnets 74, causes the rotor assembly
70 and its impeller 76 to rotate. Rotation of the impeller 76 draws fluid into the
casing 12 through the axial inlet port 180 at the front end of the casing front portion
176 and through the axial inlet port 192 in the forward flange 190 of the canister end
portion 178, and expels fluid through the radial outlet port 30 in the side of the casing
rear portion 16. As with the first example, the close-coupled drive configuration of

the fourth rotary device, with the bushing 80 between the inner drive portion 200 and
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rotor assembly 70, also allows for a shorter, more space efficient and lighter weight,
drive and rotary device installation.

[00080] From the above disclosure, it will be apparent that rotary devices
constructed in accordance with this disclosure may include a number of structural
aspects that provide numerous advantages over conventional constructions. The
example pumps shown herein may exhibit one or more of the above-referenced
potential advantages, depending upon the specific design chosen.

[00081] It will be appreciated that a rotary device constructed in accordance
with the present disclosure may be provided in various configurations. Any variety of
suitable materials of construction, configurations, shapes and sizes for the components
and methods of connecting the components may be utilized to meet the particular
needs and requirements of an end user. It will be apparent to those skilled in the art
that various modifications can be made in the design and construction of such rotary
devicess without departing from the scope or spirit of the claimed subject matter, and
that the claims are not limited to the preferred embodiments illustrated herein. It also
will be appreciated that the example embodiments are shown in simplified form, so as
to focus on the key components and to avoid including structures that are not

necessary to the disclosure and that would over complicate the drawings.
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Claims:

1. A rotary device having a magnet coupling comprising:

a casing having a front portion and a rear portion;

a rotatable inner drive portion of a magnetic coupling having multiple magnets
proximate an outer periphery of the inner drive portion;

a rotor assembly that includes a driven portion of the magnetic coupling having
multiple magnets proximate an inner periphery of the rotor assembly;

the inner drive portion and rotor assembly being disposed within the casing and
being rotatable about a rotational axis;

a stationary canister comprising a substantially cylindrical portion disposed
between the magnets of the inner drive portion and the magnets of the rotor assembly
and including a radial bearing surface that engages the rotor assembly, an axial
bearing surface that engages the rotor assembly in one axial direction, and separates
an internal fluid chamber within the casing from the inner driven portion.

2. The rotary device of claim 1 wherein the rotor assembly further comprises a
bushing disposed between the inner periphery of the magnets of the rotor assembly
and the substantially cylindrical portion of the stationary canister.

3. The rotary device of claim 2 wherein the bushing disposed between the inner
periphery of the magnets of the rotor assembly and the substantially cylindrical
portion of the stationary canister includes a radial bearing surface that engages the
stationary canister, an axial bearing surface that engages the stationary canister in one
axial direction, and separates the magnets of the rotor assembly from contact with
fluid within the casing.

4. The rotary device of claim 1 wherein the rotary device further comprises a

pump and the casing further comprises an inlet port and an outlet port in
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communication with a pumping cavity, with the rotor assembly being disposed in the
pumping cavity.

5. Arotary device having a magnet coupling comprising:

a casing having a front portion and a rear portion;

a rotatable inner drive portion of a magnetic coupling having multiple magnets
proximate an outer periphery of the inner drive portion;

a rotor assembly that includes a driven portion of the magnetic coupling having
multiple magnets proximate an inner periphery of the rotor assembly;

the inner drive portion and rotor assembly being disposed within the casing and
being rotatable about a rotational axis;

a stationary canister comprising a substantially cylindrical portion disposed
between the magnets of the inner drive portion and the magnets of the rotor assembly,
a canister end cap portion that seallingly closes a front end of the stationary canister
and is supported by or integrally formed with the front portion of the casing, and a
rear end of the stationary canister that contacts or is integral with the rear portion of
the casing, wherein the stationary canister separates an internal fluid chamber within
the casing from the inner driven portion; and

wherein the rotor assembly further comprises a bushing disposed between the
inner periphery of the magnets of the rotor assembly and the stationary canister
wherein the bushing includes a radial bearing surface for that engages the stationary
canister, an axial bearing surface that engages the stationary canister in one axial
direction, and separates the magnets of the rotor assembly from contact with fluid
within the casing.

6. The rotary device of claim 5 wherein the rotary device further comprises a
pump and the casing further comprises an inlet port and an outlet port in

communication with a pumping cavity that houses the rotor assembly.
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7. 'The rotary device of claim 6 wherein the rotor assembly further comprises an
impeller.

8. The rotary device of claim 5 wherein the magnets of the inner drive portion
and the rotor assembly are permanent magnets.

9. A rotary device having a magnet coupling comprising:

a casing having a front portion and a rear portion;

a rotatable inner drive portion of a magnetic coupling having multiple magnets
proximate an outer periphery of the inner drive portion;

a rotor assembly that includes a driven portion of the magnetic coupling having
multiple magnets proximate an inner periphery of the rotor assembly;

the inner drive portion and rotor assembly being disposed within the casing and
being rotatable about a rotational axis; and

a stationary canister comprising a substantially cylindrical portion disposed
between the magnets of the inner drive portion and the magnets of the rotor assembly,
wherein the stationary canister is held in place radially and axially in compression
through the substantially cylindrical portion between the front and rear casing
portions and separates an internal fluid chamber within the casing from the inner
driven portion.

10. The rotary device of claim 9 wherein the stationary canister further comprises
a canister end cap portion that seallingly closes a front end of the stationary canister
and is supported by or integrally formed with the front portion of the casing.

11. The rotary device of claim 10 wherein the front end of the stationary canister
includes a peripheral flange that is sealed to the canister end cap portion by a static
seal.

12. The rotary device of claim 9 wherein a stationary canister further comprises a

rear end that contacts or is integral with the rear portion of the casing.
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13. A rotary device having a magnet coupling comprising:

a casing having a front portion and a rear portion;

a rotatable inner drive portion of a magnetic coupling having multiple magnets
proximate an outer periphery of the inner drive portion;

a rotor assembly that includes a driven portion of the magnetic coupling having
multiple magnets proximate an inner periphery of the rotor assembly;

the inner drive portion and rotor assembly being disposed within the casing and
being rotatable about a rotational axis; and

a multi-piece stationary canister having a substantially cylindrical portion
constructed of a material that is non-conductive or semi-conductive and being
disposed between the magnets of the inner drive portion and the magnets of the rotor
assembly, and an end cap portion that closes the substantially cylindrical portion and
is constructed of a material that is non-conductive, semi-conductive or conductive,
and wherein the multi-piece stationary canister separates an internal fluid chamber
within the casing from the inner driven portion.

14. The rotary device of claim 13 wherein a bushing is disposed between the inner
periphery of the magnets of the rotor assembly and the substantially cylindrical
portion of the stationary canister wherein the bushing provides a radial bearing
surface that engages the stationary canister and extends along the entire length of the
magnets of the rotor assembly, an axial bearing surface that engages the stationary
canister in one axial direction, and separates the magnets of the rotor assembly from
contact with fluid within the casing.

15. The rotary device of claim 13 wherein the stationary canister is held in place
radially and axially in compression through the substantially cylindrical portion

between the front and rear casing portions.
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16. The rotary device of claim 13 wherein a front end of the stationary canister
includes a peripheral flange that is sealed to the canister end cap portion by a static
seal.

17. A rotary device having a magnet coupling comprising:

a casing having a front portion and a rear portion;

a rotatable inner drive portion of a magnetic coupling having multiple magnets
proximate an outer periphery of the inner drive portion;

a rotor assembly that includes a driven portion of the magnetic coupling having
multiple magnets proximate an inner periphery of the rotor assembly;

the inner drive portion and rotor assembly being disposed within the casing and
being rotatable about a rotational axis;

a stationary canister comprising a substantially cylindrical portion disposed
between the magnets of the inner drive portion and the magnets of the rotor assembly,
a canister end cap portion that seallingly closes a front end of the stationary canister
and is supported by or integrally formed with the front portion of the casing, and a
rear end of the stationary canister that contacts or is integral with the rear portion of
the casing;

a bushing disposed between the inner periphery of the magnets of the rotor
assembly and the substantially cylindrical portion of the stationary canister; and

wherein the stationary canister separates an internal fluid chamber within the
casing from the inner driven portion and the canister end cap portion is removable to
access the inner drive portion while the rotor assembly remains within the rear portion
of the casing.

18. The rotary device of claim 17 wherein the bushing disposed between the inner
periphery of the magnets of the rotor assembly and the substantially cylindrical

portion of the stationary canister includes a radial bearing surface that engages the
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stationary canister, an axial bearing surface that engages the stationary canister in one
axial direction, and separates the magnets of the rotor assembly from contact with
fluid within the casing.

19. The rotary device of claim 17 wherein the rotary device further comprises a
pump and the casing further comprises an inlet port and an outlet port in
communication with a pumping cavity, with the rotor assembly being disposed in the
pumping cavity.

20. The rotary device of claim 17 wherein the stationary canister is of multi-piece
construction having a substantially cylindrical portion constructed of a material that is
non-conductive or semi-conductive and being disposed between the magnets of the
inner drive portion and the magnets of the rotor assembly, and an end cap portion that
closes the substantially cylindrical portion and is constructed of a material that is non-

conductive, semi-conductive or conductive.



