(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
2 December 2004 (02.12.2004)

I 000 O O

(10) International Publication Number

WO 2004/104414 A2

(51) International Patent Classification’: F04B
(21) International Application Number:
PCT/US2004/014318

(22) International Filing Date: 7 May 2004 (07.05.2004)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
10/440,578 19 May 2003 (19.05.2003) US

(71) Applicant (for all designated States except US): AD-
VANCED BIONICS, INC. [US/US]; 620 South 14th
Avenue, Hopkins, MN 55343 (US).

(71) Applicant and
(72) Inventor: IZRAELEY, Valentin [US/US]; 6574 Chero-
kee Trail West, Eden Prairie, MN 55344 (US).

(74) Agent: BURNS, Mark, J.; Haugen Law Firm PLLP, 1130
TCF Tower, 121 South Eighth Street, Minneapolis, MN
55402 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

ING IMPELLER

I o 1*"2/*5

(54) Title: SEAL AND BEARING-FREE FLUID PUMP INCORPORATING A PASSIVELY SUSPENDED SELF-POSITION-

4 g
120 F

AN 2NN

! 18

WV

10 / \
S WSS .
\H%*;-_-W_-_WQAXW .

@/m/ AN

%%LKS

NNNZZZN \Q\

Fes

120

7104414 A2 IV OO0 O A

e

(57) Abstract: A novel fluid pump comprising a stator body defining a pumping chamber and an impeller operationally disposed

-+ within the chamber. The impeller has opposed ends with a central axis defining an axis of rotation, with magnetic driven means
& disposed on the impeller and positioned outwardly of the impeller axis between the opposed ends. Passive magnetic bearing sets
& are positioned along the impeller body with each bearing set being similarly polarized so as to be in mutually attraction or mutually
repelling relationship. A third passive magnetic bearing set is positioned along the impeller axis between the opposed ends with
the third bearing set being magnetically coupled similarly to the first and second bearing sets, with the passive magnetic bearings
creating an unstable negative force in a plane perpendicular to the axis of rotation of the impeller with the negative stiffness being
a overcome upon rotation of the impeller creating a centrifugal force of a magnitude greater than that of the unstable negative force.
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SEAL AND BEARING-FREE FLUID PUMP INCORPORATING
A PASSIVELY SUSPENDED SELF-POSITIONING IMPELLER

Cross-Reference to Related Application

This application relates to my co-pending application
Serial No. 10/376,875, filed February 28, 2003.

Background Of The Invention

The present invention relates generally to a novel
suspension system for the rotor component in a rotor/stator
assembly, and more particularly to such a system which
provides for passive and stable suspension of the rotor
within a fluid pump. Assemblies utilizing the features of
the present invention are adapted for a wide variety of
applications, including fluid handling systems for fragile
or aggressive fluids, as well as applications for such
assemblies which may be characterized as either delicate
and/or rugged. The novel passive and stable suspension
system of the present invention includes a rotor which is
typically suspended within a stator, with the rotor being
stabilized through passive magnetic as well as hydrodynamic
forces.

The magnetic components may be designed in a variety of
different coupling arrangements, with passive magnetic
bearings being employed for creating stability along
certain selected planes or axes and further creating one
resultant unstable negative force in one plane or along an
axis. More specifically, the magnetic forces are designed
to create an unstable negative force in a plane
perpendicular to the axis of rotation of the rotor, with

stable and positive forces and moments being created in all
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other degrees of freedom excepting of course, rotation of
the rotor. This resultant instability in the plane
perpendicular to the axis of rotation 1is overcome upon
rotation of the rotor creating a centrifugal force of
magnitude greater than that of the unstable negative force.
In other words, when rotating, the forces created in the
rotor return the body to an appropriate point of origin for
the intersection of the X, Y and 2% axes. Here, the
positive forces and moments are defined as forces and
moments applied to the rotor in the direction of the
origin, and, correspondingly, negative forces and moments
apply to the rotor in directions away from the origin.

The suspension system of the present invention utilizes
magnetic bearings for creation of positive stiffness and a
resultant negative stiffness, with the overall stiffness in
five of the six degrees of freedom being positive. Dynamic
stability of the system is ultimately achieved through
centrifugal/centripital forces, with dynamic stability
being achieved.

Except for the passive magnetic stabilization system
and the dynamic magnetic forces utilized to drive the
rotor, the fluid pumps of the present invention are
otherwise bearing and seal-free. Passive magnetic forces
are applied to the rotor during periods of rotation and
dwell, with these passive forces including a resultant
unstable negative force in a plane or along an axis
perpendicular to the axis of rotation. As such, fluid
pumps employing the magnetically stabilized rotor/stator

assemblies of the present invention are particularly well
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adapted for a wide variety of mechanical applications, with
one such application being in a centrifugal pump for
handling highly aggressive materials such as corrosive,
poisonous, or dangerously radioactive fluids, as well as
fragile fluids including human or animal blood. Another
pump application is an axial pump. The impeller in
centrifugal pumps transfers the kinetic energy to the fluid
by blades/vanes disposed thereon, or by surfaces based on
Tesla principles. Such surfaces may include, for example,
parallel or non-parallel disks or cones radially arranged
about and extending from the rotor axis. During any
transfer/movement of such fluids, it is frequently
dangerous to expose the fluids to forces such as unusual
impact and/or shear forces, and thus the advantage of
utilizing bearing and seal-free pumps, and particularly one
wherein the rotor/stator assembly is at least partially
magnetically stabilized.

A particularly advantageous feature of the present
invention is that of providing a passive magnetic force to
the rotor which when combined with centrifugal forces
created in rotation of the rotor in fluid, reduces and/or
completely eliminates surface-to-surface contact between
rotor and stator surfaces. Elimination of the surface-to-
surface contact between the rotor and stator prevents
undesired frictional heat input, as well as premature
wearing of the respective components of the fluid pump. An
additional aspect of the passive magnetic suspension
combined with such centrifugal forces is in the fact that

the clearance between the rotor and the stator is not a
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‘critical dimension with respect to the maintenance of a

properly suspended rotor within the stator. Therefore,
fluid pumps having relatively larger clearances between Ehe
rotor and stator are made possible by the suspension system
of the present invention. Such larger clearances
accordingly reduce shear‘ forces that can be damaging to
fragile fluids. In fact, the clearances between the rotor
and the housing in fluid pumps of the present invention are
sufficiently large so as to negate boundary layer pressure
effects and fluid shear stresses under the Prandl theory
that are commonly referred to as “hydrodynamic bearings”.
Accordingly, rotors utilized in the present invention do
not rely upon such hydrodynamic bearings to remaln properly
positioned within the pump housing, Dbut rather are
positionably stabilized through the combination of passive
magnetic bearings and centrifugal forces generated in
operable rotation of the rotor.

In connection with one application of the present
invention, pump assemblies utilizing the features of the
present invention may be exposed to aggressive fluids,
including corrosive, poisonous or radicactive fluids, as
well as fluids which cannot tolerate contamination.
Through elimination of seals and/or bearings, the lifetime
and/or longevity of the pump is substantially increased.

Poisonous  fluids, for example, become extremely
dangerous whenever leakage develops, a common consequence
of bearing and seal failure. In fluid pumps in accordance
with the present invention, a rotor or impeller is utilized

in an assembly which is bearing and seal-free, with the
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rotor being dynamically balanced and stable during
operation. Bearing and seal-free pumps utilizing the
rotor/stator assemblies of the present invention are
particularly well adapted for transferring human blood and
other delicate liquids without damaging and/or otherwise
significantly adversely affecting their composition or
quality. Furthermore, the magnetic stabilization feature
of the present invention provides stable positioning of the
rotor during operation. The passively suspended rotor is
preferably dperably positioned within the stator
independent of forces external to the fluid pump.
Depending upon the application, the rotor may be fabricated
from any of a variety of non-magnetic materials, including,
for example, metals such as titanium and non-metals such as
pyrolytic carbon. Certain engineered plastics have also
been found useful.

Another feature of rotors and stators suitable for
application in the present invention is that they be
capable of receiving and reliably retaining passive
magnetic components which deliver forces stabilizing the
rotor. Although not in the form of a mechanical surface-
contacting bearing, the passive magnetic components
utilized in the present invention may be positioned and/or
arranged to function as magnetic thrust bearings. The
rotor is also arranged to be capable of receiving and
reliably retaining magnetic components such as
electromagnetic components used in the drive system for
delivering energy to the rotor for rotation. Preferably,

an array of permanent magnets are positioned within the
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rotor and stator components in a brushless motor
configuration. Alternatively, the drive mechanism may
employ permanent magnet-to-permanent magnet couplings
similarly mounted. The arrangement of the present
invention provides for the economic utilization of a
magnetically levitated rotor/stator assembly which may be
fabricated by conventional processes, and therefore highly
economically viable. Rotor stabilization and/or suspension
may Be ‘achieved with passive magnetic bearings such as
positioned in different arrangements or configurations. 1In
preferred configurations, magnetically coupled bearings may
provide positive forces in five of the six possible degrees
of freedom, while providing one unstable negative force,
preferably in a plane perpendicular to the axis of
rotation, with +this dinstability being overcome by a
centrifugal force of greater magnitude.

General Commentary

An English scientist, Rev. Samuel Earnshaw concluded in
his paper published in 1839 that it is impossible to create
a passive stable suspension of a body using passive
electromagnetic and electrostatic forces. Following
Earnshaw’s theory and wutilizing stable suspension or
levitation, active magnetic bearings including permanent
magnets and coils have been utilized to control and/or
manipulate one or more degrees of freedom. Alternatively,
superconductors may be utilized instead of magnetic
bearings, however means for achieving a result appear
impractical. Active magnetic bearing technology functions,

but it has been found complex, costly, and less reliable
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than other mechanical means. In certain applications,
active magnetic bearings are substituted by a combination of
hydrodynamic and mechanical journal bearings, but in such
cases, it is not a true suspension since clearances between
the rotor and the journal are tight, frequently in the range
of between 4 and 12 microns, although slightly greater
tolerance levels may be satisfactorily utilized in certain
applications.

When an object such as a rotor rotates in a liquid
fluid medium, the rotor and the medium interact and
inertial centrifugal/centripital forces are created. These

forces are governed by the following equation:

Fo = Ap (W) (Ro) (V)

wherein:

F. = centrifugal force acting on the rotor in the
direction perpendicular to the axis of rotation;

Ap = density of fluid - density of rotor;

W = angular velocity of excursion of the rotor
axis of rotation;

R. = radius of excursion of the rotor axis of
rotation; and

V = volume of the rotor.

When the density of the rotor is less than that of the
fluid medium, the resultant inertial force Fo acting on the
rotor is directed toward the axis of rotation and is a
source of creation of positive stiffness for rotor
suspension in two degrees of freedom perpendicular to the

axis of rotation. For the rotor 12 in Figure 1, these two
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degrees of freedom are displacements in the X and Y
directions.

In certain applications, the passive and stable
suspension of the rotor may be achieved by utilizing the
hydrodynamic and inertial forces developed in rotation of
the rotor in the fluid. Since the centrifugal force Fe is
dependent upon the square of the rate of rotation, stable
passive levitation is achieved only after reaching a
predetermined level of rate of rotation.

In other applications, the operational effect of a
relatively low density rotor may be used in combination
with non-contact bearings, namely passive magnetic
bearings, to further stabilize and suspend the rotor within
the pump. In these instances, the positive stiffness
created by centrifugal forces becomes greater than the
resultant negative stiffness of the passive permanent
magnet system created in the same plane. In such a manner,
stable suspension of the rotof may be achieved. Thus, the
centrifugal forces developed in operation of the fluid pump
of the present invention overpower those forces of
instability considered by Earnshaw in his conclusion.

In the present arrangement, it will be appreciated that
passive and stable suspension of the rotor may be obtained
with the rotor being of a selected density less than the
density of the medium in which it rotates. This passive
and stable suspension is achieved with permanent magnet
pairs configured to provide permanent magnetic bearings,
and with the rotor having its selected density less than

that of the medium in which it is rotated. In each
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instance, the rotor is driven by non-contact means, such as
a magnetic assembly in a brushless motor configuration.

In the present arrangement, centrifugal/centripital
forces developed through rotor rotation in combination with
passive magnetic forces overcome any instability in the X, ¥
and Z axes. The ratios of positive and any resultant
negative stiffness of magnetic bearings are such that
overall positive stiffness of the rotor assembly is achieved
through all five degrees of «rotor freedom aided by
centrifugal/centripital forces developed in the rotating
fluid/medium. The rotor is therefore rendered stably
suspended in the medium when the restoring forces from
positive stiffnesses of the system in the respective degrees
of freedom are greater than external destabilizing forces of
negative stiffness.

Summary Of The Invention

Therefore, it 1is a primary object of the present
invention to provide a fluid pump incorporating a passive
and stable suspension of a rotor utilizing magnetic or
electrostatic forces applied relative to a reference frame.

It is a further object of the present invention to
provide a stable suspension of a rotor within a fluid pump
with positive stiffness in all five degrees of freedom,
excepting in the sixth degree of freedom which is defined as
rotation around or about the axis of rotation of the rotor
when a torque is applied.

It is a further object of the present invention to
provide a passive and stable suspension of a rotor within a

fluid pump utilizing inertial dynamic interaction between
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the rotor and a fluid medium in which the rotor rotates to
create positive stiffness in all five degrees of freedom of
the rotor.

Yet a further object of the present invention is to
provide a passive and stable suspension of the rotor
incorporating passive permanent magnetic bearings and
dynamic interaction between the rotor and a fluid medium in
which the rotor is rotating for use in a fluid pump.

It is a further object of the present invention to
provide a novel passive and stably suspended rotor in a one
of a kind mechanism employing a rotor confined within a
stator, and wherein stability is achieved through rotation
of the rotor.

It is yet a further object of the present invention to
provide a novel rotor/stator assembly in a fluid pump
wherein the rotor is disposed within the core of the stator,
creating an annular zone between the chamber walls and the
rotor surface, and wherein a fluid media fill is provided in
the annular zone, and with forces being exerted or applied
to the fluid media upon rotation of the rotor.

It is yet a further object of the present invention to
provide a novel rotor/stator assembly wherein a fluid media
flows into and out of the stator chamber.

Other and further objects of the present invention will
become apparent to those skilled in the art upon a study of
the following specification, appended claims, and

accompanying drawings.
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In The Drawings

Figure 1 is a sectional view taken through the diameter
of a rotor/stator assembly in an axial pump embodiment and
with portions of the stator being removed with polarity of
the magnetic components being demonstratively indicated with
arrows;

Figure 2 is a view taken along the line and in the
direction of the arrows 2-2 of Figure 1 and illustrating one
embodiment of a magnetic drive coupling arrangement, and
with the polarity of the magnets being dynamically altered
by electromagnetic means for creating relative rotation
between rotor and stator;

Figure 3 is a view taken along the line and in the
direction of the arrows 3-3 of Figure 1 and illustrating an
alternative embodiment of the relative arrangement of
polarity of the magnetic bearing coupling;

Figure 4 is a view of a modified embodiment of the
assembly of Figure 1, and illustrating an arrangement of the
present invention in a centrifugal fluid pump configuration;
and

Figure 5 is a view similar to Figure 3 and illustrating
an alternative magnetic bearing coupling arrangement
utilizing modified arrangement of polarity, with this
arrangement of polarity not being incorporated into the
embodiment of Figures 1-4.

Figure 6 is a perspective view of a fluid pump in
accordance with the present invention.

Figure 7 is a cross-sectional view of the fluid pump

assembly of Figure 6.
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Figure 8 is a top cross-sectional view of the fluid
pump assembly of Figure 6.
Description Of The Preferred Embodiments

With reference to the device illustrated in Figure 1,
the pump generally designated 10 comprises a shell or
housing 11 along with a rotor structure 12. Housing 11 has
an inner wall 14 which defines the chamber =zone 15
therewithin. Rotor 12 has an outer surface as at 16 which
is spaced from wall 14, thereby configuring chamber zone 15
into an annular zone. End zone openings 18-18 are provided
which comprise faces or bases. The zones 15 and 18-18 are
normally filled with media or fluid as indicated in Figure
1. Housing 11 includes fluid inlet 110 and fluid outlet
111. Preferably, rotor 12 includes a plurality of blades or
vanes 120 disposed longitudinally along outer surface 16
thereof. Fluid inflow, as indicated by arrow 112, 1is
directed into end zones 18-18 and chamber zone 15, and is
drawn therethrough by rotational movement of rotor 12 and
blades/vanes 120. Accordingly, the fluid is driven out from
pump 10 through outlet 111, as indicated by arrow 113.

Rotor 12 has six degrees of freedom in a Cartesian
coordinate system, these degrees of freedom being manifested
in forces delivered along coordinate axes and rotation about
these axes.

The origin of the system is located in the geometrical
center of the rotor 12. 1In rotor 12, one degree of freedom
is preserved for rotation about the 2z axis. Support of
rotor 12 is provided, with the support having the positive

stiffness in each of the other five degrees of freedom, with
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“positive stiffness” being defined as a restoring force
created whenever displacement from the origin occurs. In
other words, the restoring force created by centrifugal
forces return the body to the origin, thus providing overall
stability for the operational structure. “Negative
stiffness”, on the other hand, is a force moving or rotating
the body from the origin. Applying this conclusion to the
present circumstance, and using as an example, rotor 12, it
would be concluded that rotor 12 cannot be stably suspended
by applying only permanent (passive) magnets for all
required degrees of freedom.

Depending upon the respective magnetization polarities
of the passive magnet pairs 21 and 22 comprising a magnetic
bearing for mounting in the stator and rotor, attractive or
repulsive forces from permanent magnets comprising the
bearing can be obtained. These are illustrated in Figures 3
and 5 respectively. Magnetization polarities, orientations,
or directions are represented by arrows, with the atfractive
bearing in Figure 3 being stable along the Z axis and
unstable along X and Y axes. The magnetically repulsive
bearing illustrated in Figure 5 and comprising magnetic
pairs 21A and 22A is stable in the direction of the X and Y
axes, and unstable in the Z axis. In addition to those
forces created from the axially spaced permanent magnetic
bearing pairs, additional stabilizing and destabilizing
forces are created by the magnetic drive coupling utilized
to cause relative rotation between rotor and stator
components. Stated another way, when attractive forces are

involved in the permanent magnet arrangement of Figure 3,
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the system becomes stable in the axis of rotation, and when
repulsive forces are utilized as in Figure 5, then the
system becomes unstable in the axis of rotation. In this
connection, the numerical designations for components in
Figure 5 are identified with the suffix “a”, and except for
polarity, are the same as those components of Figure 3.

With attention now being directed to Figure 4 of the
drawings, the modified embodiment illustrated therein is in
a centrifugal fluid pump designated 20. Centrifugal fluid
pump 20 comprises a shell or housing 21C along with a rotor
structure 22C. Housing 21C has an inner wall 24 which
defines a chamber zone 25 therewithin. Rotor 22C has an
outer surface as at 26 which may, in certain applications,
be provided with elongated radially extending fins (also
referred to as vanes/blades) as at 27. The outer edges of
fiﬁs 27 are spaced from wall 24 so as to define an annular
gap or spacing therebetween. With rotor 22C having an outer
surface as at 26, the chamber =zone creates an annular
opening. The end caps 28-28 of rotor 22C are closed, and
spaced axially from inner ends 30-30 of housing or body 21C.
Inlet ports such as provided at 32-32 along with a pair of
symmetrically disposed outlet ports 34 and 35 may be
provided for pump 20. Ports 34 and 35 are disposed an equal
distance between the central transverse axis 36 of rotor
22C. Zones 25 and 28-28 are, of course, filled with the
pumped media or fluid during operation, with the density of
the media or fluid being greater than that of rotor 22C.

During operation, the pumped fluid enters pump along the
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line and in the direction of the arrows 40-40, and exiting
the line and in the direction of the arrows 41-41.

A preferred embodiment of the centrifugal fluid pump of
the present invention is illustrated in Figure 6, and is
generally designated at 60. Centrifugal £fluid pump 60
includes a housing 61, first and second inlet ports 66, 67,
and first and second outlet ports 68, 69. As seen in
Figures 7 and 8, the interior of housing 61 defines pumping
chamber 62, such that housing 61 and chamber 62 share a
central axis which extends along axis 64. Inlet ports 66
and 67 are preferably coaxially aligned with chamber 62
along axis 64, with inlet ports 66, 67 being arranged in
oppositely disposed relationship to chamber 62. Outlet
ports 68 and 69 are preferably arranged medially of inlet
ports 66, 67, and are, as indicated, disposed generally
transversely of axis 64.

Rotor 70 is disposed within chamber 62, and preferably
has a ]symmetrical dual conical configuration. This
configuration provides dual cones converging toward opposed
polar regions such as 71, 72, and rotor 70 is provided with
an axis of rotation which extends between polar regions 71,
72. The base of each of the two cones forming the dual cone
configuration are coupled together and form a common center
plane. This common center is preferably further utilized as
a mounting base for a plurality of permanent drive magnets
such as magnets 74-74. Preferably, drive magnets 74-74 are
arranged at radially spaced locations generally medially
along the axis of rotation of rotor 70, with the permanent

drive magnets 74-74 being provided at equally radially and
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arcuately spaced locations. Electromagnetic drive means are
provided as at 76-76 and 77-77, with the electromagnetic
drive means being, 4in turn, coupled to a source of
electrical energy and arranged to deliver rotational driving
energy to rotor 70 through the permanent drive magnets 74-
74. Such a drive arrangement is commonly referred to as a
brushless motor configuration. The rate of rotation of
rotor 70 is preferably controlled by means of the frequency
of the fiéld applied to electromagnetic members 76-76 and
77-77, with the rate of rotation being controlled by the
frequency of the electromagnetic field, or by selective
energization of the respective electromagnetic means 76-76
and 77-77.

As best depicted in Figure 7, a plurality of passive
magnetic bearings are provided, as at bearing sets 81-81 and
82-82. Passive bearing sets 81-81 and 82-82 may be in the
form of an attractive bearing set, as illustrated in Figure
3, or alternatively in a repulsive bearing set as in Figure
5. The selection of the bearing set polarization is
preferably dependent upon the desired configuration of pump
housing 61 and rotor 70, as well as the relative placement
of respective passive bearing sets 81-81 and 82-82. Such
factors assist in determining a desired axis in which a
negative stiffness characteristic created as a result of the
Earnshaw principle is desirably aligned with respect to the
axis of rotation 64 of rotor 70. The present invention
contemplates a variety of configurations for pump 60 and
rotor 70 as well as the placement and polarization of

multiple passive bearing sets as at 81-81 and 82-82.
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To assist in the passive and stable suspension of rotor
70 within housing 61, the density of rotor 70 is relatively
lower than that of the fluid being pumped in pump 60. Such
a low relative density of rotor 70 may preferably be
achieved by providing rotor 70 as a hollow body. In
addition, rotor 70 is preferably symmetrical in
configuration, such that both the passive magnetic forces
and centrifugal forces acting thereon cancel each other out
when rotor 70 is positioned at a centrally-disposed origin
of chamber 62.

In preferred embodiments of the present invention, pump
60 and, specifically, rotor 70 are preferably constructed of
suitable bio-compatible materials such as polycarbonate,
acrylic, or copolymers of polystyrene. Alternatively, a
coating may be applied to a suitable substrate in oxder to
enhance the biocompatibility of the structure. However, in
applications wherein the device is not being employed for
physiological implantation, other materials may be employed.
Most Apreferably, however, housing 61 and rotor 70 are
fabricated from materials consistent with the handling of
fragile or aggressive fluids.

As indicated in Figures 7 and 8, fluid enters through
inlets 66, 67 and is routed by rotor 70 to outlets 68, 69.
The arrows depicted in Figures 7 and 8 illustrate the
general flow direction of the fluid being pumped.

It will ©be appreciated, of course, that various
modifications may be made in the preferred embodiment

illustrated above, and these modifications may be made
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without actually departing from the spirit and scope of the

present invention.
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Claims
What is claimed is:
1. A fluid pump comprising:

(a) a housing with an inner wall defining a
chamber having an axis and having opposed ends disposed
coaxially with said chamber;

(b) a rotor operationally disposed within said
chamber and having a rotor axis with opposed first and
second ends with said rotor axis defining an axis of
rotation, said rotor comprising:

(i)» a Dbody having a relative density
substantially less than that of the respective fluid being
pumped;

(ii) a configuration defining a surface of
revolution with an axial length defined between said first
and second ends and providing a predetermined clearance
between said rotor and said first and second ends, and with
the diameter of said rotor body transverse to said axis of
rotation being selected to provide a predetermined radial
clearance between the outer surface of said rotor and the
inner wall surface of said housing, the clearances Dbetween
said rotor and said housing being sufficiently large so as
to negate the effects of hydrodynamic bearings;

(c) magnetic driven means disposed on said rotor
and being positioned radially outwardly of said rotor axis
generally medially of said first and second ends;

(d) electromagnetic drive means coupled to a

source of energy and arranged along said housing to deliver
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rotational driving energy to said rotor through said
magnetic driven means; and

(e) a plurality of passive magnetic bearing sets
disposed on said housing and said rotor, said passive
magnetic bearing sets including first and second magnetic
bodies 4in mutually coupled relationship, with the first
magnetic bodies of each bearing set being mounted on said
rotor and with the second magnetic bodies of each bearing
set being mounted along the inner wall of said housing, said
first magnetic bodies being disposed adjacent to and in
magnetically coupled relationship to respective second
magnetic bodies to form respective bearing sets, each of
said first and second magnetic bodies comprising a permanent
magnet, each of the said first and second magnetic bodies
comprising each of said passive magnetic bearing sets being
polarized and positioned in mutually attracting or mutually
repelling relationship so as to function as radial and/or
thrust bearings, said plurality of passive magnetic bearing
sets being further arranged to form a passive suspension
means for said rotor within said housing, with said
suspension means having negative stiffness only in
directions perpendicular to the rotor axis of rotation, such
negative stiffness being of a magnitude such that
centrifugal forces developed during rotation of said rotor
create positive stiffness of said rotor suspension in all

required degrees of freedom.
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2. The fluid pump of Claim 1 wherein said housing has
an inlet port at one end of said housing and in substantial
coaxial relationship with said chamber axis, and an outlet
port disposed on the wall of said housing generally medially

of said chamber axis.

3. The fluid pump of Claim 2 wherein the outer
surface of said rotor has a plurality of radially extending

blades/vanes.

4. The fluid pump of Claim 1 wherein said housing
includes an inlet port and an outlet port oppositely
disposed at respective opposed ends thereof in coaxial

relationship with said chamber axis.

5. The fluid pump of Claim 2, including one or more
spaced apart disks radially disposed about said chamber axis
and integrally coupled to said rotor for assisting in
pumping the fluid through said pump utilizing Tesla

principles.

6. The fluid pump of Claim 1 wherein selected of said
second magnetic bodies of at least one passive magnetic
bearing set are operationally disposed in spaced apart

relationship from said housing.

7. The fluid pump of Claim 1, including at least one

passive electrostatic bearing set.
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