USOORE46691E
(19) United States
12y Reissued Patent (10) Patent Number: US RE46.,691 E
Devitt 45) Date of Reissued Patent: Jan. 30, 2018
(54) HYDROSTATIC BEARING MADE OF (58) Field of Classification Search
MAGNETIC MATERIAL WHICH IS ALSO CPC ... F16C 32/0402; F16C 2380/26; HO2K 7/09;

HO2K 21/14; Y10T 29/49009
USPC ..., 310/90, 179, 156.01-156.84
See application file for complete search history.

USED AS A MOTOR MAGNET

(71) Applicant: NEW WAY MACHINE

COMPONENTS, INC., Aston, PA (56) References Cited
(US) .
U.S. PATENT DOCUMENTS
(72) Inventor: Andrew J. Devitt, Media, PA (US) 3.620.581 A 111971 Heller
5,036,235 A 7/1991 Kleckner
(73) Assignee: NEW WAY MACHINE 5,098,203 A 3/1992 Henderson
COMPONENTS, INC., Aston, PA 5,193,266 A * 3/1993 Caputo .................. HO2K 1/278
(US) 29/598
5,443,413 A 8/1995 Pflager et al.
5488,771 A 2/1996 Devitt et al.
(21) Appl. No.: 14/694,816 5,598,048 A * 1/1997 Dunfield et al. ............. 310/90.5
6,515,288 Bl 2/2003 Ryding et al.
(22) Filed: Apr. 23, 2015 6,657,343 B2  12/2003 Ichiyama
6,727,600 B1* 4/2004 Abdurachmanov .. FO3B 17/061
Related U.S. Patent Documents 290/43
. . 6,961,213 B2* 11/2005 Ameen etal. ............. 360/99.08
Retssue of: 7,015,611 B2* 3/2006 Tokunaga et al. .............. 310/90
(64) Patent No.. 8,427,021 7232257 B2 6/2007 Sai
Issued: Apl‘. 23, 2013 7,569,962 B2: 8;2009 Isillli]},(;hwa et alﬁl ************ 310?162
_ 7,798,721 B2 0/2010 Shibahara et al. ............ 384/107
Appl. No.: 12/700,542 7990013 B2* 82011 Seo et al. wov.oooo.. 310/216.002
Filed: Feb. 4, 2010 2005/0140227 A1*  6/2005 KUWEIt +ovovveoveoosororrono. 310/90

U.S. Applications:
(60) Provisional application No. 61/149,794, filed on Feb.

4, 2009. Primary Examiner — Minh T Nguyen
(74) Attorney, Agent, or Firm — Volpe & Koemg, P.C.

* cited by examiner

(51) Int. CL
HO2K 5/16 (2006.01) (57) ABSTRACT
HO2K 7709 (2006.01) A permanent magnet motor 1s provided with a housing, a
HO2K 21/14 (2006.01) rotating shaft supported within the housing, and magnetic
F16C 32/04 (2006.01) coils arranged within the housing. A hydrostatic bearing 1s

(52) U.S. CL _disposed on the rotating.shaft,, the hydrostat.ic bearing h_av-
ing a permanent magnet incorporated therewith that restricts

CPC s HO2K 7/09 (2013.01); F16C 32/0402 movement of the rotating shait 1n a radial direction.
(2013.01); HO2K 21/14 (2013.01); Fi6C
2380/26 (2013.01); Y101 29/49009 (2015.01) 18 Claims, 3 Drawing Sheets

‘\\

203 312 301 ~— 312  — 30
AN / / ,

\ it 4 "f A m R K—-.LH\"" "-- -"‘ e " H.,.‘_-‘LH"'\."" SN Y ‘u h ™y "- IR B EH\ H L\ﬂ
' : - w0 ; :
+ _% : R T L e i o H *"*' =l “'W . S S *'* W M e i U N A N W'*" Nl '*'"" R o T \—:&‘
— i - A A A S G @ 6 S O S O w3 X W -
[

W




U.S. Patent Jan. 30, 2018 Sheet 1 of 3 US RE46,691 E

=

FIGURE 1 (Prior Art)
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HYDROSTATIC BEARING MADE OF
MAGNETIC MATERIAL WHICH IS ALSO
USED AS A MOTOR MAGNE'T

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Patent Application No. 61/149,794, filed Feb. 4, 2009, which
1s incorporated by reference as 1f fully set forth.

FIELD OF INVENTION

This application 1s generally related to motors or genera-
tors having magnetic elements, and more particularly related
to hydrostatic bearings constructed with a permanent magnet
that can be used as the permanent magnetic element of
motors or generators.

BACKGROUND

Some motors are designed to use coils 1n order to generate
a magnetic field. These motors include two sets of coils, one
located 1n the stator and one located in the rotor. One set of
coils 1s energized using conductive contacts or brushes that
may touch on the shaft or the moving body. The current fed
to these coils creates an electromagnetic field. Other motors
and generators employ permanent magnets to provide
motion. Electricity 1s produced when coils of copper wind-
ings are moved relative to the flux fields generated by the
magnets. Alternatively, electricity may be fed into the coils
to produce motion. In both of these scenarios, separate
bearings are used to define the relative motion between the
coils and magnets, which may be linear or rotary in nature.
In either case, the flux field creates an attractive force that
must be resisted by the bearings. This force 1s mitigated in
some degree when there 1s an opposing force applied at 180°
from other magnets. Although the opposing force mitigates
the flux field’s attractive force, it 1s not a stabilizing force.
For example, as the coils get closer to the magnets on one
side, the attractive force from those magnets increase, which
moves the coils further away from the magnets that are
arranged at 180° and decreases the applied opposing force.
In the absence of separate bearings, the coils and magnets
would come into contact and disable the motor or genera-
tor’s function.

Permanent magnet motors employ magnets made of, for
example and without limitation, neodymium NdFeB or
territe. There are multiple methods for manufacturing these
magnets, such as through casting 1n a mold, pressing,
injection molding, or bonding. In most cases, these magnets
are porous, which 1s especially true for magnets that are
sintered. These magnets may be magnetized after they have
been formed into their desired shape. Motors and generators
may employ a wide variety of magnetic circuit designs.
Permanent magnets may be used on the outside diameter of
a rotating body or on the interior of a housing. They may use
switched reluctance or induction and may use AC or DC
current.
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Motors and generators’ efliciency and power can be
increased by minimizing the distance between the coils 1n
the magnets. As the distance between the coils decreases, the
flux field force increases. However, due to the unstable
relationship between the coils and magnets as described
above, relatively large gaps between coils must be used 1n
the manufacture of motors and generators. Such an arrange-
ment 1s shown by U.S. Pat. No. 5,036,235 to Klecker.

Design engineers have been trying to achieve more func-
tionality 1n less space. The paradigm today in the design of
motors and generators 1s to have separate bearings and
motor functions. This results in assemblies that are longer,
larger in diameter, and heavier than 1t the motor and bearing
clements can be one 1n the same. For example, see the
assembly shown by U.S. Pat. No. 5,443,413 to Pilager et al.

In U.S. Pat. No. 5,098,203 to Henderson, magnets are
inserted into the face of a hydrostatic bearing assembly 1n
order to increase the stifiness of the hydrostatic film with the
magnets’ preload force. However, there 1s no disclosure of
using such magnets in a motor or generator.

One of ordinary skill in the art of hydrostatic bearings
would appreciate that air and other gases are examples of a
fluid used 1n hydrostatic bearings. This means that the broad
term of hydrostatic bearings encompasses aerostatic bear-
ings, as discussed 1n U.S. Pat. No. 5,488,771 to Devitt et al.
The terms “hydrostatic bearings” and “hydrodynamic bear-
ings” are both encompassed in the definition of “fluid film
bearings.” Hydrostatic bearings are diflerentiated from
hydrodynamic bearings by the use of an external pressure
source, which allows hydrostatic bearings to operate even
with zero velocity between the relative bearing faces. In
contrast, hydrodynamic bearings require relative motion
between bearing faces to create fluid film pressure. One of
ordinarily skill in the art would also appreciate that hydro-
static bearings exhibit hydrodynamic eflects when there 1s
relative motion between the bearing faces. These hydrody-
namic eflects are an unavoidable result of the shear of the
hydrostatic fluid caused by the relative motion of the bearing
surfaces, and are included in the operation of hydrostatic
bearings.

Accordingly, 1t 1s an object of the present application to
combine the bearing and motor functionalities, provide
economy of space, and improve efliciency by reducing the
gap 1n the flux field to the thickness of the hydrostatic
bearing fluid.

SUMMARY

A permanent magnet motor 1s disclosed, the permanent
magnet motor having a housing, a rotating shait supported
within the housing, and magnetic coils arranged within the
housing. A hydrostatic bearing 1s disposed on the rotating
shaft, the hydrostatic bearing having a permanent magnet
incorporated therewith that restricts movement of the rotat-
ing shatt 1n a radial direction.

A method for making a permanent magnet motor 1s also
disclosed. The method includes the steps of providing a
housing with a rotating shait supported therein, arranging
magnetic coils within the housing, and disposing a hydro-
static bearing on the rotating shaft. The hydrostatic bearing
has a permanent magnet incorporated therewith that restricts
movement of the rotating shait in a radial direction. For sake
of brevity, this summary does not list all aspects of the
present device, which 1s described in further detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of a prior art motor having,
separate bearing and motor components;
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FIG. 2 1s a cross-sectional view of an embodiment of the
hydrostatic bearing of the current invention, which utilizes
porous magnetic material as the restrictor for the hydrostatic
bearing; and

FIG. 3 1s a cross-sectional view of another hydrostatic
bearing that serves as the permanent magnet 1n a motor.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

Certain terminology i1s used 1n the following description
for convenience only and 1s not limiting. The words “inner,”
“outer,” “top,” and “bottom” designate directions in the
drawings to which reference 1s made. The terminology
includes the words specifically noted above, derivatives
thereot, and words of similar import.

FIG. 1 shows a prior art permanent magnet motor having
a rotatable shaft 100 supported relative to a housing or stator
105 by a set of bearings 103 at each end of the rotatable shaift
100. The bearings 103 may be formed as plain, rolling, fluid
f1lm, or magnetic bearings, or any other form well known to
those of ordinarily skill 1 the art of bearings. In this case,
the bearings 103 provide both radial and axial constraint.
The bearings 103 provide radial constraint by having an
outer diameter that corresponds to the inner diameter of the
housing or stator 105, and provide axial constraint by being,
disposed between a shoulder 100a of the rotatable shait 100
and a stationary retaiming cap 106 of the housing or stator
105. Accordingly, the bearings 103 substantially constrains
five degrees of freedom of the rotatable shait 100, leaving
only rotation unrestrained.

The prior art motor’s motor elements are completely
separate from the permanent magnets. Coils 101 are
wrapped by 360° around the mner diameter of the housing
or stator 105. Magnets 102 are disposed around the outer
diameter of the rotatable shaft 100, leaving an air gap 104
between the magnets 102 and coils 101. The air gap 104
must be large enough to accommodate error motions in the
bearings 103, out of balance centrifugal forces, and cen-
trifugal force growth of the magnets 102 and rotor.

FIG. 2 shows an embodiment of a hydrostatic bearing
according to the present invention. A magnetic material 200
that can be acted upon by an attractive magnetic field from
a porous magnet 201 1s separated from the porous magnet
201 by a pressurized hydrostatic film 206. The hydrostatic
film pressure 1s maintained by a continuous tlow of fluid,
which 1s pumped through the porous magnet 201 by a
pressure higher than ambient pressure. This pressurized tluid
1s 1ntroduced through mnput ports 202 and distributed across
a back surface of the porous magnet 201 by a labyrinth 204.
As shown 1n FIG. 2, the labyrinth 204 may be formed 1n a
non-porous housing 203. In an alternative embodiment,
which 1s not illustrated by the drawings, the labyrinth 204
may be formed 1n the porous magnet 201 itself. In a further
alternative embodiment, also not illustrated by the drawings,
the labyrinth may be formed 1n a separate modular bearing
component that 1s mounted inside of the non-porous housing
203 or to a separate structure using a mounting stud 205,
which may be attached through a flexure, gimbal mount,
bolted jo1nt, or bonded 1n place as disclosed 1n U.S. Pat. No.
5,488,771 to Devitt et al. In the above embodiments, the
non-porous housing 203 and the porous magnet 201 are
laminated together by any suitable means, such as through
gluing, glazing, or grazing operations. These methods are
well known 1n the art of manufacturing porous media
hydrostatic bearings and have been described in U.S. Pat.
No. 6,515,288 to Ryding et al. The pressurized fluid 1s also
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4

useful for removing heat from the bearing surfaces of the
hydrostatic bearing and from the hydrostatic gap.

FIG. 3 shows a preferred embodiment of a hydrostatic
bearing according to the present invention utilized i a
permanent magnet motor. A rotating shaft 300 1s provided
with porous permanent magnet components 302 laminated
onto the outer diameter of the rotating shaft 300. A labyrinth
312 1s provided behind the porous magnet components 302
in a stmilar manner as described above with respect to FIG.
2. In order to supply the labyrinth 312 with a pressurized
hydrostatic tluid, the fluid can be ported through a hole 309
in each retaining cap 306 on either side of the housing 305
and distributed through a groove 310 1n the retaining caps’
inner diameter that functions as a rotary union due to the
small clearance 307 between the retaining caps 306 and
rotating shaft 300, and finally into a hole 311 in the rotating
shaft 300. This pressurized hydrostatic fluid then 1ssues from
the face of the porous magnet components 302, creating a
pressurized film 304 that separates the porous magnet com-
ponents 302 from the magnetic coils 301 despite the attrac-
tion between them. The attractive force between the porous
magnet components 302 and magnetic coils 301 is used for
the purposes of the motor or generator functionality, which
1s enhanced over the current art because the gap can be made
smaller due to the safety afforded by the separation force of
the pressurized tluid film 304 from the hydrostatic bearing
functionality. This 1s because the flux field strength 1s very
sensitive to the gap thickness. At very high pressures, this
fluid film force may be used to counter the centrifugal force
attempting to separate the porous magnet components 302
from the rotating shaft 300. While FIG. 3 shows the use of
the porous magnet components 302 as the restrictive ele-
ment 1n the hydrostatic bearing, other well known forms of
restrictive compensation such as orifice or step compensa-
tion may be employed.

The embodiment of the hydrostatic bearing shown 1n FIG.
3 only provides radial restraint, so conventional rolling,
plain, flmd film, or magnetic bearings may be used for axial
restraint. Preferably, additional hydrostatic bearings 303 are
used to provide axial restraint, and pressurized fluid from the
same labyrinth 312 and fluid source 1s employed to create a
hydrostatic bearing gap 308 on both ends of the rotating
shaft 300, creating opposing forces and providing two-
directional axial restraint. Although not shown 1n the draw-
ings, the same bearing and motor/generator arrangement
may be employed 1n both the axial and radial directions.

While various methods, configurations, and features of
the present invention have been described above and shown
in the drawings, one of ordinary skill i the art will appre-
ciate from this disclosure that any combination of the above
features can be used without departing from the scope of the
present invention. It 1s also recognized by those skilled 1n the
art that changes may be made to the above described
methods and embodiments without departing from the broad
inventive concept thereof. For example, the coils 301 shown
in FIG. 3 may be located on the rotating shait 300 while the
porous magnet components 302 are located on the inner
diameter of the housing 305, with electricity fed to the coils
301 via a conductive contact brush. Additionally, the
embodiments of the invention are capable of being scaled up
with coils and magnet diameters potentially reaching tens of
meters.

What 1s claimed 1s:

1. A permanent magnet motor/generator comprising;:
a housing;

a rotating shaft supported within the housing; and
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a hydrostatic bearing disposed on the rotating shaft and
within the housing, the hydrostatic bearing comprising
a first face that 1s a porous permanent magnet and a
second face that 1s coils,
wherein the hydrostatic bearing is configured to distribute
a pressurized fluid across a back surface of the porvous
permanent magnet,
the porous permanent magnet is configured to issue the
pressurized fluid through the back surface to the first
Jace, and
the first face and the second face arranged such that
movement of the rotating shaft 1s restricted 1n a radial
direction, whereby the permanent magnet and the coils
are configured to generate electricity or create force.
[2. The permanent magnet motor of claim 1, wherein the
permanent magnet is porous.]
3. The permanent magnet motor of claim [2] /, wherein
the first face and second face are separated by a hydrostatic

gap.

4. The permanent magnet motor of claim 3, wherein the
hydrostatic gap has a thickness of a pressurized film created
by the pressurized fluid.

5. The permanent magnet motor of claim 3, wherein the
pressurized fluid removes heat from bearing surfaces of the
hydrostatic bearing and from the hydrostatic gap.

6. The permanent magnet motor of claim 3, wherein the
pressurized fluid provides a force 1n a direction opposite to
a centrifugal force, which attempts to separate the hydro-
static bearing from the rotating shaft during rotation at high
speed.

7. The permanent magnet motor of claam 1 wherein the
housing further comprises a [third face and a fourth face that
are permanent magnets, the third and fourth face] plurality
of additional hydrostatic bearings whervein each additional
hvdrostatic bearing is arranged at opposite ends of the first
tace such that the movement of the rotating shaftt 1s restricted
in the axial direction.

8. A method for making a permanent magnet motor or
generator, the method comprising:

providing a housing with a rotating shaft supported

therein; and

disposing a hydrostatic bearing on the rotating shait and

within the housing, the hydrostatic bearing comprising
a first face that 1s a porous permanent magnet and a
second face that 1s coils,

whevrein the hydrostatic bearving is configured to distribute

a pressurized fluid across a back surface of the porvous
permanent magnet,

the porous permanent magnet is configured to issue the

pressurized fluid through the back surface to the first
face, and

the first face and the second face arranged such that

movement of the rotating shaft 1s restricted 1n a radial
direction, whereby the porous permanent magnet and
the coils are configured to generate electricity or create
force.

9. The method of claim 8, wherein the first face and the
second face are separated by a hydrostatic gap.

10. The method of claim 9, where the thickness of the
hydrostatic gap 1s equal to that of a pressurized hydrostatic
film maintained by a continuous flow of fluild pumped
through the porous permanent magnet.

11. The method of claim 8 wherein the housing further
comprises [a third face and a fourth face that are permanent
magnets, the third and fourth face] a plurality of additional
hvdrostatic bearings, wherein each additional hydrostatic
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bearing is arranged at opposite ends of the first face such
that the movement of the rotating shait 1s restricted in the
axial direction.

[12. A permanent magnet motor or generator comprising:

a permanent magnet used as a restrictive element of a

hydrostatic bearing;

coils, wherein the hydrostatic bearing works directly

between the permanent magnet and the coils and the
permanent magnet and coils are configured to generate
electricity or create force.}

[13. A permanent magnet motor or generator according to
claim 12, wherein the permanent magnet 1s porous and this
porosity 1s used as the restrictive element and to 1ssue fluid
in the hydrostatic bearing.}

[14. A permanent magnet motor or generator according to
claim 12, wherein a hydrostatic fluid 1s used as a mechanism
to remove heat from the relative bearing surfaces and
hydrostatic gap.]

[15. A permanent magnet motor or generator according to
claim 12, wherein pressurized hydrostatic fluid force 1s used
to resist the centrifugal force attempting to separate the
bearing elements when there is rotation at high speeds.]

[16. A permanent magnet motor or generator according to
claim 12 wherein the permanent magnet 1s used as a restric-
tive element in both the radial and axial directions.]

17. A permanent magnet motor orv generator COmprising:

a housing;

a rotating shaft supported within the housing; and

a hydrostatic bearing disposed on the rotating shaft and

within the housing, the hydrostatic bearing comprising
a first face that is a porous permanent magnet and a
second face,

wherein the hydrostatic bearing is configured to distribute

a pressurized fluid across a back surface of the porous
permaneni magnet,
the porous permanent magnet is configured to issue the
pressurized fluid through the back surface to the first
face, and the first face and the second face arranged
such that movement of the rotating shaft is vestricted in
an axial divection, wherveby the first face and the second
Jace are comfigured to gemerate electricity or create
Jforce.
18. The permanent magnet motor or generator of claim
17, wherein the first face and second face ave separated by
a hydrostatic gap.
19. The permanent magnet motor or genervator of claim
18, wherein the hydrostatic gap has a thickness of a pres-
surized film created by the pressurized fluid.
20. The permanent magnet motor or generator of claim
19, wherein the pressurized fluid removes heat from bearing
surfaces of the hyvdrostatic bearing and from the hydrostatic
aap.
21. The permanent magnet motor ov generator of claim
17, wherein the second face is coils.
22. A hydrostatic bearing comprising:
a housing;
a rotating shaft supported within the housing; and
a hydrostatic bearing disposed on the rotating shaft and
within the housing, the hydrostatic bearing comprising
a first face and a second face,

wherein the hydrostatic bearing is configured to distribute
a pressurized fluid across a back surface of the porous
permaneni magnet,

the first face is a porous permanent magnet configured to

issue the pressurized fluid through the back surface to

the first face,
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the first face and the second face arrvanged such that
movement of the rotating shaft is vestricted in either a
radial or axial direction, and
the first face and the second face are separated by a
hvdrostatic gap created by the pressurized fluid that 5
issues from the first face, wherein the pressurized fluid
removes heat the first face and the second face.
23. The hydrostatic bearing of claim 22 wherein the
second face is coils.
24. The hydrvostatic bearing of claim 23 whevrein the first 10
face and the second face arranged such that movement of the
rotating shaft is vestricted in a radial divection, whereby the
permanent magnet and the coils are configured to generate

electricity or create force.

x x * Cx x 15
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