1 Magnetic Bearing Brief Description of the Drawings [1] A wide variety of
potential practical and useful embodiments will be more readily understood
through the following detailed description of certain exemplary embodiments,
with reference to the accompanying exemplary drawings in which: [2] FIG. 1
is a block diagram of an exempgiyneMbBEIRALt of a system 1000; [3] FIG. 2
is a block diagram of an exemplary embodiment of a system 2000; [4] FIG. 3
is a perspective view of an exemplary embodiment of a magnetic bearing

BS¥BBEEHRIURHe Driswiiggnd view of an exemplary embodiment of a
magnetic bearing system 4000; [6] FIG. 5 is an exploded view of an

[1bxenibigierABERI N BR LA EH BAARRY seathopBrsar s6HemaEraeally
is anaxRIRER viewn sh at: e¥rwlaemkadieienhabr snaanatc Rasing

rotating portion 6000; [8] FIG. 7 is an exemplary. embodiment of a system

7oooeiﬁﬂ5’§lﬁigﬂﬁ@t§é’&{§hﬁef&¥%6? e ACRoPHE Vi X BRI LNy ings in which:
embaggdimenFpGasysian 08 ditst @tingesestjon yRaBootimientsf 1 Q) Stk L0,
an exemplary embodiment of a system 9000 illustrating section C-C of FIG. =
7 (117 FiIG. THishh ablerpidiReeibokimertBr A sy St BB0o i SsAy2000;
sectipf) D-DHIE 1$is % hérbEdtevel Vi ésvaT exeruphpnr¢mbdinesiteifa sysiesic
11000 illustrating section E-E of FIG. 8; and [13] FIG. 12 is a flowchart of an
exemplary SWBIEHSEBPYMethod 12000. Definitions [14] When the

follow#)g tem6 ade Jiseensulistantivaly feipin:thsmbesonepasy iNGagnetic bearing

system 4000;

[6] FIG. 5 is an exploded view of an exemplary embodiment of a magnetic
bearing static portion 5000;

[7] FIG. 6 is an exploded view of an exemplary embodiment of a magnetic
bearing rotating portion 6000;

[8] FIG. 7 is an exemplary embodiment of a system 7000 illustrating section
A-A of FIG. 4;

[9] FIG. 8 is an exemplary embodiment of a system 8000 illustrating section
B-B of FIG. 4;

[10] FIG. 9 is an exemplary embodiment of a system 9000 illustrating section
C-C of FIG. 7;

[11]  FIG. 10 is an exemplary embodiment of a system 10000 illustrating
section D-D of FIG. 7;

[12]  FIG. 11 is an exemplary embodiment of a system 11000 illustrating
section E-E of FIG. 8; and

[13] FIG. 12 is a flowchart of an exemplary embodiment of a method 12000.

Definitions
[14]  When the following terms are used substantively herein, the accompanying

definitions apply. These terms and definitions are presented without prejudice,



definitions apply. These terms and definitions are presented without
prejudice, 2 and, consistent with the application, the right to redefine these
terms during the prosecution of this agplication or any application claiming
priority hereto is reserved. For the purpose of interpreting a claim of any

patenhthabalaitegRiieritie RpptoaRACdeftNtiRNtar redefinrddaindhang the
original definition was amended during the prosecution of that patent),

functRSREeautioR RS RPRICHIBIGRIGHY HELGAUR oirtRunsRfeEt et 1s
outsiga g taatmsftRitiparpdse] F mdéisRemenee ObRaRSRHateiRABMRIIINAS priority

activity - an action, act, deed, function, step, and/or process and/or a portion

thereBPBF adubtdgifien Soretel i pRd drror gLl YAty amended
specifigth JuneesscbiRioadsmiak padeyiegmuaestes eftesioarrativmbiguous
compatibility between different parts of one or mare_pieces of an apparatus
or sydtemioyabphibe sHB e U RWEIR & LgLdeT % plifier - a device that
increpsgs stengthgfi gighals passing through it. [22] and/or - either in
conjunction with or in alternative to. [23] annular - shaped like a ring. [24]
appati®lis - FpIEHEL Sr device for a particular purpose. [25] applied -

incident diregtjvapd/onindiat i vinesy, [RRlcapprewpairlior ploRuAnHRE a
nearly the same as. [27] associated - related to and/or accompanying. [28]
automaticaIRPItéfE{i 5Ab/or operating in a manner essentially independent

of exfernal hidapeedrduenseapnrdforn eanibptapabiexapaitraiin@uteipatiedight
switch can turn @n upon "seeing" a person in its view, without the person
manually op8sting the light switch. [29] axial - located on, around, or in the

directing] of adaptis: — a device used to effect operative compatibility between
different parts of one or more pieces of an apparatus or system.

air — the earth’s atmospheric gas.

amplifier — a device that increases strength of signals passing through it.
and/or — either in conjunction with or in alternative to.

annular — shaped like a ring.

|
|
|
|
[24] apparatus — an appliance or device for a particular purpose.
] applied — incident directly and/or indirectly upon.

] approximately — about and/or nearly the same as.

] associated — related to and/or accompanying.

] automatically — acting and/or operating in a manner essentially

independent of external human influence and/or control. For example, an

automatic light switch can turn on upon “seeing” a person in its view,

without the person manually operating the light switch.

[29] axial — located on, around, or in the direction of an axis.

[30] between — in a separating interval and/or intermediate to.

[31] can —is capable of, in at least some embodiments.

[32] cause — to bring about, provoke, precipitate, produce, elicit, be the reason

for, result in, and/or effect.



[30] between - in a separating interval and/or intermediate to. [31] can - is
capable of, in at least some embodimepts. [32] cause - to bring about,
provoke, precipitate, produce, elicit, be'the reason for, result in, and/or effect.
3 [33] circuit board - a thin substantially planar board to which electronic

COMQPaReNteReAIPheRkKeLs thiareies@neimeo e Ko4RIRIwARS @lectronic
interconnected, typically by solder. Component leads and integrated circuit

pins may paSEAPBERIR #STEE perksts Shetrbopats PRty REDHE adiRice
mounted, injHBieBnBRASR MNAYINEE PHS totitFed talaianitaay mavnaidtded

used to interconnect different layers of the board). [34] commupnicate - to

exchange irff6FHARBY. TS RAHOHRRAIBIS potes A RohRdoreF ey may be

communicatigisciigtianed, [36) BRI AL ERHYRIY arl RKIGH1 a3 tHR S tmay
facilitates communications. [37] component - a constituent element and/or

part. [38] cotHPige"se0 iAdRicks Brenediibermidascts, b bomtis. [39]

configup - ifffil@ficaréan@ts edhips sifepaag@hgl/or make suitable and/or fit
for a specific purpose. [40] connect - physically or logically join, link, couple,
and/dr PstetPRVBYNGH ?é‘%ﬂﬂ’ffetc,.a[ﬁﬁT%%ﬁ%}éH&wCPQ‘Bﬂi}éﬁéﬂPﬁhH?E‘?Fﬁ%‘g%al

link grdior clexmmeieineay WmRh MReRMNLS thad Ry Tiedts coneXampieos.
wire, an optical fiber, a wireless link, and/or a virtual circuit, etc. [42] control -

(n) a MEchaAAER BB A SIS HMARESRBEYFBHEFREG machine within
predesgiminashijpite; () ia@xes¢aehruiboribaiiyve enalar [Bomwating

influence over, cause to act in a predetermined manner, direct, adjust to a
e o AP oS AT bR 15 R T G HHRapIE andor

change, sudft asrficpréficgfgeseto a second form.

[40] connect — physically or logically join, link, couple, and/or fasten two or
more entities.

[41] connection — a physical and/or logical link and/or channel between two or
more points in a system. For example, a wire, an optical fiber, a wireless
link, and/or a virtual circuit, etc.

[42] control — (n) a mechanical or electronic device used to operate a machine
within predetermined limits; (v) to exercise authoritative and/or
dominating influence over, cause to act in a predetermined manner, direct,
adjust to a requirement, and/or regulate.

[43] convert — to transform, adapt, and/or change, such as from a first form to
a second form.

[44] corresponding — related, associated, accompanying, similar in purpose
and/or position, conforming in every respect, and/or equivalent and/or
agreeing in amount, quantity, magnitude, quality, and/or degree.

[45] couple - to join, connect, and/or link two things together.

[46] create — to make, form, produce, generate, bring into being, and/or cause

to exist.



[44] corresponding - related, associated, accompanying, similar in purpose
and/or position, conforming in every respect, and/or equivalent and/or
agreeing in amount, quantity, magnitude, quality, and/or degree. [45] couple -
to join, connect, and/or link two things together. [46] create - to make, form,

prodyge} gegsiate;1HRgatiia RYIRYe ABA/Ar CRMEsIRMXStoApldotk sty an
information ,regese_nted in_a form suitable for processing by an information
device. [48] BHHEHCRIFRYCGn organization of a collection of data that allows

the qain to bemaniRuated affectiveiv@ntionaddgiarlid opdanship ADRRGhe

data elements that is designed to support specific data manipulation

functions. AYate SGRIHUCHALOMSHHYE QA s RS i Brpengetata

of the data gépeimsanhkxampiesaf @alappsrcipeesicAntinslaPuRIiiat functions.
dictionary, graph, hash, heap, linked list, matrix, object, queue, ring, stack

tree, and/of VEUEP VG ORPESEABREH ML LSS TestdtiBRERipS of the

outline, forniaanehatnsteUEnignple appiatterpiasiss yaanaiiddisingtlydictionary,
describe and/or specify. [50] degree - a unit of angular measure equal in

magnitude 8 47360°8F 6 Pt B Yo IB LK P B S G HS ke S 1]

detect - to sgnFer perarive, identify, discover, ascertain, respond to, and/or

receive the exjstence, presence, and/or fact of. [52] determine - to obtain,
calcurate, dé‘c‘?k&‘é‘? adGEEPlStBRIRCYHBR k?éﬁ]éﬁﬂz QB8] el glor

instrumentaliin adapiEdaiald Py peedaic BUiR@se diicdipaesatbe pIaTSHs pecify.

S, S ored el e vy ore 01 R conian

operating by.oglplifécityolution in a predetermined plane.

[51] detect — to sense, perceive, identify, discover, ascertain, respond to, and/or
receive the existence, presence, and/or fact of.
[52] determine — to obtain, calculate, decide, deduce, establish, and/or
ascertain.

] device — an instrumentality adapted to a particular purpose.

] disposed — placed, arranged, and/or oriented.

[55] each —every one of a group considered individually.

] electrical — relating to producing, distributing, and/or operating by
electricity.

[57] electrical energy — energy characterized by the flow of electric charge
through a conductor.

[58] electrically — of, relating to, producing, or operated by electricity.

[59] electromagnet — a core of magnetic material adapted to be surrounded by
a coil of wire through which an electric current is passed to magnetize the
core.

[60] estimate — to calculate and/or determine approximately and/or tentatively.

[61] first — being before all others in an exemplary ordering.

[62] flow — a continuous transfer.



[57] electrical energy - energy characterized by the flow of electric charge
through a conductor. [58] electrically - of, relating to, producing, or operated
by electricity. [59] electromagnet - a core of magnetic material adapted to be
surrounded by a coil of wire through which an electric current is passed to

magnetize thearasde@d astimaie séuealculate and/or determine
approximately and/or tentatively. [61] first - being before all others in an

exentBfary dTHEReR - [B940P2a continuous transfer. 5 [63] from - used to

indicp¢g 2 sgHfre a [PdtdwihescniBmeetion. [65] gap - a space between
objects. [66] generate - to create, produce, render, give rise to, and/or bring

into EG8terRENBHTE griFATAlTaRYRY U BRIRb Y YRAHS fea]iifr bring into

approximately fifiydeercent. [69] haptic - involving the human sense of
kinesthetic movement and/or the human sense of touch. Among the many

potenfdl hagtttsielfiaebadfer Mkietitls sensations, body-positional

differgysges imHEENSpHRRSMARMNIRTE- hasest.changes in sensations that are
perceived at least partially in non- visual, non-audible, and non-olfactna(g

60 inBRRI 6 (S LN 1R G PP LB R T AR e the

touch, graspingaRressyiss, tieonA Hastian slipysitetatialorgaidexgpdtiences are
impact, puncture, vibration, motjon acc,elerajigln jerk, pulse, orientation, limb
4. d1

position, graVIE)HRK RIS HARNS rBRAXP IR e SteHD Sfitipes. and time-

temperaturesdbarohahgentsdivdyiorand dhaertcapacity |d1Rlpaaall yanearey-
associated wijth the motki‘j%ﬂ?ge;ato s and/or molecules and c(%pable of bein

transmitted tHibtighSof g RS aﬂg@fmners, including the expenegces

of tactile touch (being touched), active touch, grasping, pressure, friction,
traction, slip, stretch, force, torque, impact, puncture, vibration, motion,
acceleration, jerk, pulse, orientation, limb position, gravity, texture, gap,
recess, viscosity, pain, itch, moisture, temperature, thermal conductivity,
and thermal capacity.

[70] heat — energy associated with the motion of atoms and/or molecules and
capable of being transmitted through solid media and fluid media by
conduction, through fluid media by convection, and through fluid media
and/or empty space by radiation.

[71]  hub — a central part of a magnetic bearing adapted to be coupled to a
machine rotor.

[72] inch — a unit of length equal to one twelfth of a foot.

[73] information — facts, terms, concepts, phrases, expressions, commands,
numbers, characters, and/or symbols, etc., that are related to a subject.
Sometimes used synonymously with data, and sometimes used to describe
organized, transformed, and/or processed data. It is generally possible to
automate certain activities involving the management, organization,
storage, transformation, communication, and/or presentation of

information.



conduction, through fluid media by convection, and through fluid media
and/or empty space by radiation. [71] hub - a central part of a magnetic
bearing adapted to be coupled to a madchine rotor. [72] inch - a unit of length
equal to one twelfth of a foot. [73] information - facts, terms, concepts,

phrages) expigssiniforrasvicandsy ALNEess CARIRRSIE sANE e YPRIShine
etc., that are related to a subject. Sometimes used synon%usly with data,

and sometirf s 181BIESATHI Sty SR D AR R @ ol ASFUS o @8d T or

data. It is gengpalbapessible it e Wamaecriain. astiviliRsinyRiYiae thecan
management, organization, storage, transformation, communication, and/or

presentatiof SPRHASHESAOB N FATHHEHTLHEIY RABIE SOPRAAGRE-SHRHANC

resides a finiienséatenoshingreanaiient thpleropnbing Arieast amagien of a
method, structure, and/or or, graphical user interface described herein. An

information BRSURCE EH P HBIMERLBSTRANASWH S SRTRATR IR REUHER devices,

componentsnusoas eN@oss RerenfeAQIK BIEtRepF DIRATDAIEice) via
processors, one or more memaorjes containing instructions, one or more

input/output (NS} HEORBYIOL fafb POFRIT RIS REAT I ARG (B%e LssHRSY

to an UO dewdsa)bda hetkieh Fépexatipr canibRheadenattiacitaiehaaiily0ngdanl
more functions described herein. For example, an information device can be

any generalp‘fﬂﬁ’ﬁ%@él%{ﬂﬂf@?%‘ﬁéBfgpﬁﬁ?ﬁf}g@E@ﬁﬂ SHE8rst R4 sereBrt
computer, video gamessysiant (@,®1hRydiationn diate Thm RN R o X EBOX,
etc.), workstati]%n, server, minicomputer, mainframe, supercomputer

computer YRS, Hred AR BB PutRH IS, PERERRASIGsPmPuter
Assistant (REA)niPoghiopoliietebsineah Bietantod@icen coniptanisaintant

et PR U o e S50, MEeRng S ey

telephone, phone (such as a Treo-like device), messaging service (e.g., Blackberry)
receiver, pager, facsimile, cellular telephone, a traditional telephone,
telephonic device, a programmed microprocessor or microcontroller
and/or peripheral integrated circuit elements, a digital signal processor, an
ASIC or other integrated circuit, a hardware electronic logic circuit such
as a discrete element circuit, and/or a programmable logic device such as a
PLD, PLA, FPGA, or PAL, or the like, etc.

[75] initialize — to prepare something for use and/or some future event.

[76] input/output (I/O) device — any sensory-oriented input and/or output
device, such as an audio, visual, haptic, olfactory, and/or taste-oriented
device, including, for example, a monitor, display, projector, overhead
display, keyboard, keypad, mouse, trackball, joystick, gamepad, wheel,
touchpad, touch panel, pointing device, microphone, speaker, video
camera, camera, scanner, printer, haptic device, vibrator, tactile simulator,
and/or tactile pad, potentially including a port to which an I/O device can
be attached or connected.

[77] install — to connect or set in position and prepare for use.



telephonic device, a programmed microprocessor or microcontroller and/or
peripheral integrated circuit elements, g digital signal processor, an ASIC or
other integrated circuit, a hardware electronic logic circuit such as a discrete
element circuit, and/or a programmable logic device such as a PLD, PLA,

FPG@r Piduraathepiaotst 4 Ahhinitiplized-torbceRare momeibinddar mse
and/or some future event. [76] input/output (I/O) device - any
sensbfyloridAEMLBP R A FatlRstEe deribeusteresdriendtrdior 6, haptic,

olfactgny, angdipim@¢tareriemiadnearicaninglheipeadias BB, RINMEEHT a
display, projectaor, overhead _display, keyboard, keypad, mouse, trackball,

joystick, gaRiHRE RMHER Ay EHSAAttRIA B&nel, pointing device,

micrggipnelespaRker. MR SRR SHMBHANSCRABRTUERIRT/hARFEQYICe,
vibrator, tactile simulator, and/or tactile pad, potentially including a port to

which an /YRR WRZ A  or connected. [77] install - to connect or

set ingmsitigseand Prepaiedan dsRrdcdiBlisirnal/oppstivioef a shaft adapted
to receive a mountahle bearjng. [79] junction box - an enclosure that houses

electHtWirdDaFuns s trastinhin 4RO At Rt ANicAURS A RS SHsh as an
increase a regisianeencdéiteladipereti OnObamdag petit braagvilik] less

than - having a measurably smaller magnitude and/or degree as compared
to somethinapéfé"‘é‘."[@zf‘ﬂgé%‘iéﬁ]“%ﬂ&%t ﬂé‘??é‘r?ﬂ&%lg é%b‘faéh%%%eﬂﬁlﬁii Hm

[83] machingniestitictiaing adipestiansradapiadity caisaiadngokine, spol@am”,
an informatjon device, o perform one or maqre particular actiyities, . .. .
operations, aE}Pé’jié?aﬁﬁ%tiorﬁ‘)g{ e cﬁ}%ﬁ%tﬁgf whitHRan SBH8tmES forr4ret -

entity called acai0ees3irarkernedss " opaiaingisysterstc., Regsarinbodied as

moduie, A UG PSR SR G B AR g gbied ode.
interpretable code, and/or executable code, etc., in hardware, firmware,
and/or software.

[84] machine readable medium — a physical structure from which a machine,
such as an information device, computer, microprocessor, and/or
controller, etc., can obtain and/or store data, information, and/or
instructions. Examples include memories, punch cards, and/or optically-
readable forms, etc.

[85] magnetic — having the property of attracting iron and certain other
materials by virtue of a surrounding field of force.

[86] magnetic bearing — a bearing that supports a load using magnetic
levitation.

[87] majority — more than half of a total.

[88] may —is allowed and/or permitted to, in at least some embodiments.

[89] memory device — an apparatus capable of storing analog or digital
information, such as instructions and/or data. Examples include a non-

volatile memory, volatile memory, Random Access Memory, RAM, Read

Only Memory, ROM, flash memory, magnetic media, a hard disk, a



machine code, source code, object code, compiled code, assembled code,
interpretable code, and/or executable ¢ode, etc., in hardware, firmware,
and/or software. [84] machine readabl€ medium - a physical structure from
which a machine, such as an information device, computer, microprocessor,

and/or contiRlpy &k, Samertatand/a shareudatai N ieraatian darRdiEompact
instructions. Examples include memories, punch cards, and/or opticallé-n T
8

readable fof- &t Despligiigheisatitditly thid Bhber{Pbr sHEHRY

certain othepdRRfEr@siby virtue efdrdrteunsthgdislchalforegn Bol-naanetions
bearing - a bearing that supports a load using magnetic levitation. [87]
g Qfligent

majority - mRPIRAAOHRAESF S EPY[BEIGP" RAlBWATUAEIS DR
in at least sgig@&mbrduents. [89] memory device - an apparatus capable
of storin analog or digital information, such as instructions and/or data.

Exanpies ifBRIBEG b RIS Mrethsy b riel iering R/, RatdotiXtsor

Memory, RAMoReashianMemasy, ROM, flash memory, magnetic media, a
hard disk, a 8 floppy disk, a.magnetic tape, an optical media, an optical disk,
a cormpact HISHUAEDCampgitals esctions Hka BVBaRHR I Ry e,
The memokgysigyige. can be coupled to a processor and/or can store
instructions adapted to be executed by processor, such as according to an
embodithenM@F&cicE&d Herein. [90] method - a process, procedure, and/or

colle¢tidn ofn@katat activiies faic aceamEishiaDpeMetN 6Thd8dd, maakilagication

compriong Secions 1t A SUBSIANIAM Q9NGESTUSHYEN SSARIEDISISA] e

more - greafér’cc*: ’
linked, such as via various wireline and/or wireless media, such as cables,
telephone lines, power lines, optical fibers, radio waves, and/or light
beams, etc., to share resources (such as printers and/or memory devices),
exchange files, and/or allow electronic communications therebetween. A
network can be and/or can utilize any of a wide variety of sub-networks
and/or protocols, such as a circuit switched, public-switched, packet
switched, connection-less, wireless, virtual, radio, data, telephone, twisted
pair, POTS, non-POTS, DSL, cellular, telecommunications, video
distribution, cable, terrestrial, microwave, broadcast, satellite, broadband,
corporate, global, national, regional, wide area, backbone, packet-switched
TCP/IP, IEEE 802.03, Ethernet, Fast Ethernet, Token Ring, local area,
wide area, IP, public Internet, intranet, private, ATM, Ultra Wide Band
(UWB), Wi-Fi, BlueTooth, Airport, IEEE 802.11, IEEE 802.11a, IEEE
802.11b, IEEE 802.11g, X-10, electrical power, multi-domain, CAN,
Modbus, serial protocol, and/or multi-zone sub-network and/or protocol,
one or more Internet service providers, and/or one or more information
devices, such as a switch, router, and/or gateway not directly connected to

a local area network, etc., and/or any equivalents thereof.



[93] network - a communicatively coupled plurality of nodes, communication
devices, and/or information devices. Via a network, such devices can be
linked, such as via various wireline ancﬁor wireless media, such as cables,
telephone lines, power lines, optical fibers, radio waves, and/or light beams,

etc., jogharReiNan HRe kEME L ah PHRIRIS AR MINANSVICeS e AXGRBNEE
files, and/or allow electronic communications therebetween. A network can

be and/or cBROGEYERAY S PLRIRLI DA AR A I BT ARG AESIOMBTEY Ylbtocols,
such as a cipdhpyite ey Rullicsadchas packeterpitehedellular phone,

connection-less, wireless, virtual, radio, data, teleééhone twisted_pair, POTS,

non-POTS, $S8YIaE SR rlsrdtoh diaAneAem v i anersntitsic e dpBsceiver.

terrestrial, nHgramavErbr easleasbaicitarDroadbansd. liaerpesaiee givlide, hub,
national, regional, wide area, backbone, packet-switched TCP/IP, IEEE

802.03, EthEHEE; PLSIMEEEPHEY $OKRER BINYA6dQIBABALESIED Ay e, and/or

public Interngkrwtfanehrpvivate it -birsuideiBaad (UWB), Wi-Fi,
BlueTooth, Airport, IEEE 802.11, IEEE 802.11 a, IEEE 802.1 Ib, IEEE

802.193! x-"y; BRIAR%al power, multi-domain, CAN, Modbus, serial
protoe] angffemudinz obR Gubt MW andikiapotneol, one or more

Internet service providers, and/or gne %r mor?ﬂ‘%pformation devices, such as a

switch’ Fout®PKShroR §SRElAlFHBL AR A LS M A PTRAYBL AR A ABEVE,
etc., and/or eynyreaHNaleISsthereotithiiD 4l detworksiniaréacerk A iphysidatital
and/or logical device, system, and/or process capahle of coupling an .
information 8%%%8%%‘8%%1‘8&%‘&‘? 0 f&??%%\g%&?rﬁ%tﬁé%gg Shprtedand
telephone, celiuliarphaoeintaibdaonedeimstelephanedsiatadiredem, fax
modi%]wireless transceiver, Ethernet card, cable modem, digital subscriber

line iht&racB?Briad S ALK At BreSheEifilar device, software to
mangge]sugieecevicenapaiton spdtwaiertd.provide a function of such a

devigg o i19te "% AWrigid body.

[101] plurality - the state of being plural and/or more than one.

[102] portion — a part, component, section, percentage, ratio, and/or quantity
that is less than a larger whole. Can be visually, physically, and/or
virtually distinguishable and/or non-distinguishable.

[103] position — (n) a place and/or location, often relative to a reference point.
(v) to place and/or locate.

[104] power — energy, a measure of energy and/or work, and/or a rate at which
work is done, expressed as the amount of work per unit time and
commonly measured in units such as watt and horsepower.

[105] predetermined — established in advance.

[106] processor — a hardware, firmware, and/or software machine and/or virtual
machine comprising a set of machine-readable instructions adaptable to
perform a specific task. A processor can utilize mechanical, pneumatic,
hydraulic, electrical, magnetic, optical, informational, chemical, and/or

biological principles, mechanisms, signals, and/or inputs to perform the



[96] offset - one object set off from something else. [97] packet - a generic
term for a bundle of data organized inéz)specific way for transmission, such
as within and/or across a network, suctt as a digital packet-switching
network, and comprising the data to be transmitted and certain control

information,g4gk) asrceRstNGHBDRLEIRS S PPSIRN: tﬁacﬂé@ﬁ%ﬁ@ﬁ%&fion by
something. [99] percent - one part in one hundred. [100] late - a flatri

body. [101] PFRHPURSc 0 BEpBIAG S 2896 F RYFE %H d’f?é‘s’[%%ﬂlg the
portion - a PAfLIEUNER RANIsSEGLN b RAESNRERCEAIG AN AUaTSIMathat is

less than a larger whole. Can be visually, phyS|caIIy, and/or virtually

distinguishalf& SRt ALFRHAGGEHABRA204] BoSHIBHLINISE plad 65aT6F

location, oftemralativentasan repiansRB&ifThg (vlito1pbacecnndisrlaeatsw[104]
power - energy, a measure of energy and/or work, and/or a rate at which

work is donéO’ét}EBPtSE’s‘éﬁ allel qantialiein fpdA %%Hg?uﬁﬁﬂt%é"gﬁﬂ Lo

measured iRtHRIESOHUGH RS, Walhanethorsepaver ¢Ehohl pageterdeiied such as a
established in advance, [ 106é rocessor - a hardware, firmware, and/or

software mABIFS AHEPBFLAREHT AHALHRRQSSIBFHE ANSek Gtium IV series of

machine-reagiahlpringisstinasadantad ieytthe IRk b SRECH © 1 33tAClara,
processor can utilize mechanical, pneumatic, hydraulic, elec:h)eaﬁ rasgjnetlc

optical, infofmLfidii: dR&HA %HB‘?S}II‘S% SRR RSEan

signals, andjarjosuie e asifoimsthe APpliask(s) SipecaitdinqmbanTnentsAsIC)
processor ca n information ani n modjfying,
o eon B A (s R G LB e AR Aot
procedure angfnashinforsiatian adevieRoefitionfeuiingte piemnation to an

output device rocessor . ca fﬁmcfuon as a central proce smg uglt Io%al
controller, rgm ? 1ment disclosed herein. A processor can reside onand use t

capabilities of a controller.

[107] project — to calculate, estimate, or predict.

[108] provide — to furnish, supply, give, convey, send, and/or make available.
[109] pulse width modulated — encoded via pulse width modulation.

[110] radial — relating to a bearing adapted to restrain displacement

substantially radial to a center of rotation and/or perpendicular to an axis
of rotation.

[111] radially — in a manner that radiates from and/or converges to a common
center.

[112] receive — to gather, take, acquire, obtain, accept, get, and/or have
bestowed upon.

[113] recommend — to suggest, praise, commend, and/or endorse.

[114] regarding — pertaining to.

[115] render — to display, annunciate, speak, print, and/or otherwise make
perceptible to a human, for example as data, commands, text, graphics,

audio, video, animation, and/or hyperlinks, etc., such as via any visual,



controller, parallel controller, and/or distributed controller, etc. Unless stated
otherwise, the processor can be a general-purpose device, such as a
microcontroller and/or a microprocessb}, such the Pentium IV series of
microprocessor manufactured by the Intel Corporation of Santa Clara,

California. I egétaindeonagimanisadhadecesaar &an He MefitaiesinkiRasaric
device, such as an Application Specific Inte%gted Circuit (ASIC) or a Field

Programmabiess e Ky HyRieplerr hea Haw et sRfe&gneGto implement in

its hgriware-gndediymwaie ahleastia; past@fialyembodiment disclosed
herein. A processor can reside on and use the capabilities of a controller.

[107] bldjectedBeshicliat B¥Rirsta NSFhABICE JEU8] MbVRIBaEFaMILH, ask for

supply, givegcpiniewsendomnaiarcmakenayaiiabfon BORspelasddethat which is
modulated - encoded via pulse width modulation. [110] radial - relating to a

bearing ada restrain displacement substantially radial to a center of

rotatipn sndiigde pandiauian i droarBosfetetatiotad bk ihadiallyas Rading been
manner that radiates from and/or converges to a common center. [112]
receive - to SHABFCLRErYRHD#E BBEHHOSRLES:; GRIP KNIt hAVSSHRE e
upon. [113] pepaivinefed) abdRuUIELSH, IpfaisaeaaMmimanrdoapd/or endorse.

[114] regarding - pertaining to, [115] render - to display, annunciate, speak,
print,[éh%]/orrB AURRisAUHLRE 2PRFEABARIS to a human, for example as data,

commaauds, ieedly graphics g pedipnvidaananimation, and/or hyperlinks, etc.,

S5 12 S04 et 1l andlochopic mesns seh as i g dopley
etc. [116] repsnteabnt againtand tagehas epatpivelyusly introduced.

[122] second — being immediately after a first item in an exemplary ordering.

[123] sector — a portion of a circular object bounded by two radii and an
included arc.

[124] select — to make and/or indicate a choice and/or selection from among
alternatives.

[125] sensor — a device adapted to automatically sense, perceive, detect, and/or
measure a physical property (e.g., pressure, temperature, flow, mass, heat,
light, sound, humidity, proximity, position, velocity, vibration, loudness,
voltage, current, capacitance, resistance, inductance, and/or electro-
magnetic radiation, etc.) and convert that physical quantity into a signal.
Examples include proximity switches, stain gages, photo sensors,
thermocouples, level indicating devices, speed sensors, accelerometers,
electrical voltage indicators, electrical current indicators, on/off indicators,
and/or flowmeters, etc.

[126] separate — (n) distinct; (v) to disunite, space, set, or keep apart and/or to
be positioned intermediate to.

[127] set — a related plurality.



[117] request - (v.) to express a need and/or desire for; to inquire and/or ask
for. (n.) that which communicates an expression of desire and/or that which
is asked for. [118] ring - a substantially"toroidal object that can be imagined
as having been generated by rotating a closed loop (e.qg., ellipse, circle,

irregyiaReuRienapQlYaRMmatfoh ahRHtR fixeHiHBeniRinldedheAReRed hh8lor one
rotating - turning about an axis. [120] rotor - a rotating portion of a machine.

[121] said - WHEAELIEFTH ¥ edierhabrdericy mba; sanalilagsnvruninisalays,

subsequent£l@isn {pEmthRiunas, BRERRAYIpHSIIRtedRkadidd 221-6a6aRd -
being immediately after a first item in an exemplary ordering. [123] sector - a

portion of a ¥HeIANGhjeAekRsHRRIB A B HABSHH RIRG M YAERRIEd 4R 3124]

select - to MakaARG/ON JadieHte aehqicerandiorselaatiRaliraet@NANGagnetic,
alternatives. [125] sensar - a device adapted to automatically sense,

perceive, déRitab sAfdRIGHle 20ty RIBIRARAL MBI oy tengS BravduFaerey
temperature,HowrdNassr e atistighty seemgyh iR dityirppaxinidepositioR,
velocity, vibration, loudness, voltage, current, capacitance, resistance,

inductance, e BIRSHECmARSRRIO IR Gty AsRE S RIdraE Bhy sical

quantity intcha gigralfidxamplas snekieiaux axivity, switehase Siatthgagrs;, index
photo sensors, thermocouples, level indicating,devices%@‘?eed sSensors,

acceleromet} r”?,}r@%@ﬂiéﬁ%ﬂté@é’ SirheHtorgl Ejadioeardlivrincndieasgptance,

on/off indicaipsse shidl/ebledmelens asiizol Idapsepataiac. (Deisiings di)ike
disunite, space, set, or keep apart and/or to be positioned intermediate to.
[127] set - aCPé’Edeapﬁt%‘éarﬁ?@? r&féf@?ﬂﬁﬁﬁ@%%?ﬂfiﬁothf’%%ﬁaé’sgﬁachine

instructions §pi@etNiies &9de6Ms, hard real-time, soft real-time, non-real time,
continuously generated, continuously varying, analog, discretely
generated, discretely varying, quantized, digital, broadcast, multicast,
unicast, transmitted, conveyed, received, continuously measured,
discretely measured, processed, encoded, encrypted, multiplexed,
modulated, spread, de-spread, demodulated, detected, de-multiplexed,
decrypted, and/or decoded, etc.

[129] signaling — sending a message to.

[130] source — an original and/or intermediate transmitter of traffic and/or a
related group of such transmitters and/or a point at which something
originates, springs into being, and/or from which it derives and/or is
obtained.

[131] static — stationary and/or constant relative to a rotating component.

[132] stator — a stationary part in or about which another part (the rotor)
revolves.

[133] store — to place, hold, retain, enter, and/or copy into and/or onto a
machine-readable medium.

[134] substantially — to a considerable, large, and/or great, but not necessarily

whole and/or entire, extent and/or degree.



or more letters, words, characters, symbols, signal flags, visual displays,
and/or special sounds, etc. having pregrranged meaning, encoded as
automatically detectable variations in a‘physical variable, such as a
pneumatic, hydraulic, acoustic, fluidic, mechanical, electrical, magnetic,

optica] 3sneriippbrdndio HBIBIRGIGRY YR BiblapstiaN pEHaweloRNErTY,
pressure, flowrate, viscosity, density, torque, impact, force, voltage, current,

resistdnte, AR ometRE o el MegRatithefFiitehaiare Al Hcis Hast Mix,

magnetic fluydensityidieusianes (P pereaRibis ddesreabrefractignqentical
Wavelenﬁth, polarization, reflectance, transmittance, phase shift,

concEhtfatidATgftardrdestipdigiure, etc. Depending on the context, a signal

and/qi tige infePationmensadadibareiugan bee pHRAHOPAS@sychronous,
hard real-time, soft real-time, non-real time, continuously generated,

contihlittsVASfingCRHARY) AR IgRISE e O ERIF e RS thg,

quantized, dighahnbr@pdsastidnutigasts bhieagioffansmitted, conveyed,
received, continuqusly measured, discretely measured, processed, encoded,

encryptod, RSN - FRbERE IS LptaskotRuprashe ReAHBaGREED!Y. the
detected, deuraliiplexsdd desivriad aandioperuatetinetn k2l Jenaling -

sending a message to. [130] squrce - an original and/or intermediate .
transmitter éﬁ?ﬂﬁkyﬁfﬂ}‘b? ROFHpAL &4 @Po‘@ﬁ%]legﬁ a‘ﬁfﬁ}%?ﬁ?ﬁg@%ﬁ}%‘rs 4dapted

point at whigh semeiilisg niginai ekl pUNGR int:haiobeardioiiambwhieh it
derives and/or i%, thaiped.ﬁf13${s"s[tatic - stationary and/or constant relative to
a rotating cORiPOHE P51 ¢

W/tationary part in or about which
anothes partimefetonn yavelnesi{didnlfeiarenddgplreephiold] arrlainstertes,

and/or copy intq and/or onto a machine-readable medium, [134] substantially
0 & cona BTS8P grEAPE o in BB e 0 anothe

[142] transmit — to provide, furnish, supply, send as a signal, and/or to convey
(e.g., force, energy, and/or information) from one place and/or thing to
another.

[143] two — a cardinal number equal to one plus one.

[144] wser interface — a device and/or software program for rendering
information to a user and/or requesting information from the user. A user
interface can include at least one of textual, graphical, audio, video,
animation, and/or haptic elements. A textual element can be provided, for
example, by a printer, monitor, display, projector, etc. A graphical
element can be provided, for example, via a monitor, display, projector,
and/or visual indication device, such as a light, flag, beacon, etc. An audio
element can be provided, for example, via a speaker, microphone, and/or
other sound generating and/or receiving device. A video element or
animation element can be provided, for example, via a monitor, display,
projector, and/or other visual device. A haptic element can be provided,
for example, via a very low frequency speaker, vibrator, tactile stimulator,

tactile pad, simulator, keyboard, keypad, mouse, trackball, joystick,



whole and/or entire, extent and/or degree. 13 [135] support - to bear the
weight of, especially from below. [136]1 ystem - a collection of mechanisms,
devices, data, and/or instructions, the collection designed to perform one or
more specific functions. [137] target - a destination. [138] three - a cardinal

number equalieare R oRsitipaRAsuchlRAtNposhtdelainectasdraasing:
adapted to restrain displacement substantially parallel to an axis of rotation.

[140] touchdBRAF-dalisingito 4 SaFfBeHReERAGMEIp QR6 Ry et fibyathe

surface adapiafeiasaRAraerardatianertan &f igdnaenslisulaRingmbols, etc.
assembly from a portion of the magnetic bearing assembly that is adaBted to

rotate when’HSGhEHET B SBF MRTEgREHE Be HgRlusarRiayspis such as, for

insufficient foraiaie, lenitaties; phdiddransierawinkatanNsmasontiRpensanel,
device, place, and/or state to another. (v) to convey from one device, place,

and/or stateR5EnBihelra VAL RS R IE 1P als e M LS PRy - dEtlas a

signal, and/arale £eo¥ eyt AecdexiOtes: Bena, pird/nEtnfopnatian) Jlondens list,
place and/or thing to_another. [143] two - a cardinal number. equal to one

plus one. [LH#PHsEOMaFA0sK- shestibeXamifist QufRbahy R gHarRrRyyser, button,

rendering intaimationd@capiseicansioslledussting:infimaiias. fsorvltharusersor,
A user interface can include at least one of textual, graphical, a%flio, video,

animation, S REH PR NARGIST RIS HHEH Con BB A8 Yor

example, bysapiiiate clenaniteandienissd RipjRIIONneIGrégaRphics aglesnapt
can be provided, for example, via a monitor, display, projector, and/or visual
inclication dE0ER SRS g Al BAEC B AP ol BB

provided, fosrgamptear\ige, speakethiokiesen forgrantleolothrnsddndstyle, font
gemeraing A O e e Sinis, I o MEML Y data length, validation,
query, cursor type, pointer type, autosizing, position, and/or dimension,
etc. A user interface can include one or more audio elements such as, for
example, a volume control, pitch control, speed control, voice selector,
and/or one or more elements for controlling audio play, speed, pause, fast
forward, reverse, etc. A user interface can include one or more video
elements such as, for example, elements controlling video play, speed,
pause, fast forward, reverse, zoom-in, zoom-out, rotate, and/or tilt, etc. A
user interface can include one or more animation elements such as, for
example, elements controlling animation play, pause, fast forward,
reverse, zoom-in, zoom-out, rotate, tilt, color, intensity, speed, frequency,
appearance, etc. A user interface can include one or more haptic elements
such as, for example, elements utilizing tactile stimulus, force, pressure,
vibration, motion, displacement, temperature, etc.
[145] via — by way of and/or utilizing.
[146] volume — a disk drive and/or virtual disk drive.

[147] wedge — an object comprising two substantially planar, substantially radial

faces that are separated by an acute angle and are bounded by a



animation element can be provided, for example, via a monitor, display,
projector, and/or other visual device. giaptic element can be provided, for
example, via a very low frequency speaker, vibrator, tactile stimulator, tactile
pad, simulator, keyboard, keypad, mouse, trackball, joystick, 14 gamepad,

wheel, touchpadataunh AR08k PANSNGARYIER caRH QoatPREINARIIGHRNIGE, pair
etc. A user interface can include one or more textual elements such as, for

example, or HaiBrE 3L a aHelibs taaB Y tes: sherfek e Fatargan

include one QILERRTEUFPPAHSE BIRME B IRUGHLASLERIN BXBY RIS A IPASRIally
photograph, drawing, icon, window, title bar, panel, sheet, tab, drawer,

matrix, tablé2f#hiacStendar, outline view, frame, dialog box, static text, text
box, ligtgpiciylish Papaumlist, pull-down list, menu, tool bar, dock, check box,
radio button, hyperlink, browser, button, control, palette, preview panel, color
whedi Hal, WREEFIR o isgrr & iR Sbichianed ARV LU umdRr progress
indicator, etc. A textual and/or graphical element can be used for selecting,
pr%%ramming, adjusting, changing, specifying, etc. an appearance,

Dejatied DSSEMIGN background style, border style, border thickness,

[ 150eocRuach cleh Rk, debbaimenfobbnsieR e AligRresn twling spAGh@pidentadial
maximum datg length, validation, query, cursor type, pointer type, autosizing,
positiBAZ AL OFYilte NEIORPOLtOnA HBEAdaHRARNCHS Rt SHE ORigRcan
audigelefrientssueiigsofelcxamiplesta VDhMel o nitghfitcheatin otasP@ettion
control, voice selector, and/ar onpe or more elements for controlling audio
play, eSS R RS AL A S U A R s
one Gemdipraddepreledeenistaueheas: dotexantplepaiameris camgilivgofidro
play, fiﬁee[‘.d, é)f»afﬁse’ fast forward, reverse, zoom-in, zoom-out, rotate, and/or
tilt, eft"RG58F fMTEHETEEL S include one or more animation elements such
as, for example, elements controlling animation play, pause, fast forward,

Yo AR Fas TR b Selen IRt R esiene

performance, low-cost magnetic bearing adapted for use in machinery with
rotating shafts. In certain exemplary embodiments, electronics for the magnetic
bearing, which can comprise sensor conditioning, digital processing, and/or power
amplification, can be packaged within a stator structure of the magnetic bearing.
The magnetic bearing can comprise touchdown surfaces adapted to support a

shaft when the magnetic bearing is either powered down or failed.

[152] Magnetic bearings can be used to support and position rotating machinery for
applications in which one or more of the following specifications is present:
[153] low mechanical wear;
[154] no lubrication;
[155] relatively high rotational speeds (e.g., between approximately 3,600 and
approximately 100,000 rpm);
[156] operation in harsh environments; and/or

[157] relatively low frictional losses.



appearance, etc. A user interface can include one or more haptic elements
such as, for example, elements utilizir:ﬁ;tactile stimulus, force, pressure,
vibration, motion, displacement, temperature, etc. [145] via - by way of and/or
utilizing. [146] volume - a disk drive and/or virtual disk drive. [147] wedge - an
object comprising two substantially planar, substantially radial faces that are
ggﬁarated, by an acute angle and are bounded by a 15 substantially arcuate

IrebianarRiRRl P RRSHASIFY 188 DEEMG P ATBISEISASHARAEM P allel,
substaRtally septerhaRadt fasastbareerrubstatiay Raspendicuiarciodiénic

two substantialalﬁ lanar, substantially radial faces. [148] when - at a time.

s, | ,
[L49SAHERk AR ESR OPAIER; SR GRS TH MBI rettecigperation
Descsiplierh{dSRHE i € ampiary Raracinens Qs e appsstanoilich

can comé)rise a radial ma%netic bearir%ﬁ static_portion. The radial magnetic

bearitl LA pEEH EHRCEIMpANE N BRR BE SRCHURRASA T e atfal

magrResicrofAdne: Staldgop QB sCIN CRMPHES iaddHdrabiEy ahpalse Wiskin motion
modulated amplifiers, each of which can be adapted to provide electrical

enerdy P AUBIREISHLNG S OHHGRET 6PE BISFARE of AdBHEhTEGRER can

[151]comipair exempiatycaRRadimentscall eamprisR R Rialirelycampact
high performance, low-cost m %getic.bearin adapted for use iEﬁmachine Y

with FOUHMGEHEHEP TR RHAIA BRSPS SHbOHEME IR RTEE RSP heich
magneliechedkingn WhithrizansasNirstese RsOsl comnakitianiog, digisakpproximately
processing, and/or power amplification, can be packaged within a stator
structt?eIERIE magnetic bearing. The magnetic bearing can comprise
touchdown surfaces adapted to support a shaft when the magnetic bearing

(L pgupred down o faled, 11521 Magnells PEalgs SRR Y9552 o

electrical energy to amplifiers and/or electromagnets of the magnetic bearing.

[1

The amplifiers can be continuous-type amplifiers and/or switch-type amplifiers
such as pulse-width modulated (PWM) amplifiers. Because each electromagnet
in the magnetic bearing can behave as a large inductor in series with a small
resistance, reactive power flowing to each electromagnet might be high, but actual
net energy that flows to the magnetic bearings might be relatively small, even for
relatively large current levels within in the magnetic bearing. Because a relatively
small amount power might be dissipated in amplifiers and electromagnets, a
current flowing between the source of electrical energy and the amplifier for each
electromagnet can be a small fraction of a current flow in an exemplary
electromagnet. In certain exemplary embodiments, an electrical current flow in
an electromagnet can be approximately ten times higher than a current flow to an

exemplary amplifier.

[160] Because the current flowing between the amplifiers and electromagnets can be
greater than the current between the amplifiers and electromagnets, certain

exemplary embodiments can keep amplifiers and electromagnets in relatively



applications in which one or more of the following specifications is present:
[153] low mechanical wear; [154] no Iti rication; [155] relatively high
rotational speeds (e.g., between approximately 3,600 and approximately
100,000 rpm); [156] operation in harsh environments; and/or [157] relatively

low fgdienablasses. kbcdlat] GeHPREXEANENMMITMCERARHIDBSY I MM
can comprise electromagnets, sensors, and/or electronic controls. Electrical

connEXHBRS HRRFBER EHO MRl troNR PGS Ta Y fratetbi st ALY ¥ S 23n

carrypigghigakeietsmigtated to operation of the magnetic bearing. A radial
bearing can be adapted to support a rotating shaft along lateral directions.

The radial bearing can comprise three or more electromagnets and/or

[16&NsBiTedirust AR EBOdR adantadsiadiesisaihenatiprfiefsthedraiating
shaft along a Ion%itudinal (axial) direction. The thrust bearing can comprise

two JHTHSPIBRIbTARGREENE OB POy SERdBrsmASRECDEEr Byt AN

can GeRMRIHseWPIT peiiveeiNasanel Presor more thrust bearings, which
collectively can comprise approximately ten electromagnets and/or

approximately ten sensors. [159] Electrical energy for the magnetic bearing

[162D i Ganseraddcan asawtamdxalggtigangnaiayein anplifiesm an0®which
electromagnets of th%fr?ffonetic bearing. The gmpf%ifiers can
e

e .

contifitf EXPHEHHB Dh o ISRACHMERECA 'tfiggoﬁfi‘&?’%aﬂ&ﬂgé‘-width
modulated{®WM h aimplifissseBebauie: 6300 siRrbiamaghel nadheinpgaatic
bearing can behaye as a large inductor in series with a small resistance,
react %@o@%ﬁhﬂb{ﬁﬁ% ’PB%B%%%S%%??&"H?@&%% i a6t OgiinadeH00
energyirtkahfiews dadheingaarata heanngsiopghidie Stativetpcoaalkenghisto
relatively large current levels within in the magnetic ring, Because g . .
eIt PR A RGeS TL G T 1 e S via firs
electtbroagnetacac eunigi lsgongetwesndnarsourcetdirleetioal €6@0gYting
and the a Hi(fier for ela%b

uponrgs portion .

[163] Each of first magnetic bearing 1300, second magnetic bearing 1400, first thrust
magnetic bearing 1500, and/or second thrust magnetic bearing 1600 can be
externally monitored and/or controlled via a control program 1160 executing on
an information device 1100. Signals to each of first magnetic bearing 1300,
second magnetic bearing 1400, first thrust magnetic bearing 1500, and/or second
thrust magnetic bearing 1600 can be transmitted via a network 1200. Information
device 1100 can comprise a user interface 1120, which can be adapted to render
information related to shaft 1700, first magnetic bearing 1300, second magnetic
bearing 1400, first thrust magnetic bearing 1500, and/or second thrust magnetic

bearing 1600.

[164] FIG. 2 is a block diagram of an exemplary embodiment of a system 2000, which
can comprise a junction box 2800, which can be adapted to electrically couple a

first radial magnetic bearing static portion 2200 to an energy source 2900. Energy



electromagnet can be a small fraction of a current flow in an exemplary
electromagnet. In certain exemplary embodiments, an electrical current flow
in an electromagnet can be approximg%ely ten times higher than a current
flow to an exemplary amplifier. [160] Because the current flowing between

the agapifiers@nehpipEH AMAARAISHAIDE) Aaaletdhan taguarenslriween
the amplifiers and electromagnets, certain exemplaré/ embodiments can

keepSirAiSIRR RNSHY SiadrniyRdtadndinaeaiye radioSEsHEnAPR cit caprfise

exemplagy eTiP AWRENtS, (0N BEREPFRRATNA/GA R SRIMRHSE AGEHPRIGtive to
controls. Amplifiers can be located in relatively close proximity to

electfotifHGHERCHIB 21D cabimtSRAIIRASPEH SRS He AHE BB RN FFond

amplifiarsl anceac elesimagiogisraan sk latiehnshoihandivibinibatatic
magnetic bearing so an amount of EMI produced is relatively Io%lOGZ F[Is]tG'
Cwhitc

1is PBIHER 4iLSrand/or srrend hptahmaesnsgqihsarnsr iy aution

can Gampese Beshall sta@pbrbisplacemnentofsbafidd M wancbasasiallihg first
restrained via a first magnetic bearing 1300 and/or a second magnetic .

bearMGSIFHOPELAS LY RHASRAGHRiEHEArHEREED SHIRT SREIRNRSYRgstatic

bearipglé)036aa£0H8 PRSE: A kRt LiNY Retiesh and it Skalim P eitigne tRNafrind0
can comprise a disk portion 1750, An axial displacement of shaft 1700 can .
be re%ﬁ%ﬁiﬂéd’%&%&%ﬂru@l%&@ﬂe%ﬁéa? D60 i HEUdAGAhRRgnetic

magmﬁtiﬁr%eﬁﬁﬁ@ ﬁ&ﬂe@mmvdmwﬂ@%pt?ﬁ@ecw&@c&]ﬁﬁk%a@amirst
magnetic hearing 1300, second. magnetic bearing 1400, first thrust magnetic
bea?riﬁif‘itgﬁgl,%ﬁg r%&%ﬁ%‘?ﬁiﬂ%@?ﬂ%ﬁ‘e@é‘ﬁég}‘ﬁ%ﬂf‘i’écit‘f%:%‘?ﬁtféat&i’ FHSty
monitsdaaaiipsaont ead (viga gretiothehneariar bbebaxesitivig 98e@nd pair
information device 1100. Signals 1o each of first magnetic beaying 1300,
ecONL L BEMHIG 100 R EP e HESHEH Btdo o SR g o
secop¢etdidustiinagngitaibeaningelH gantes T30S Nitkte thvia palretiaekli2el0.
Information de ig;&)lloo can comprise a user interface 1120, which can be
00.

adap?ga CHRR

[165] First thrust magnetic bearing static portion 2160 and/or second thrust magnetic
bearing static portion 2180 can be adapted to restrain shaft 2100 via a disk portion
2150. First thrust magnetic bearing static portion 2160 and/or second thrust

magnetic bearing static portion 2180 can comprise two or more electromagnets.

[166] In certain exemplary embodiments, an air gap 2120 between first magnetic
bearing rotating portion 2250 and first magnetic bearing static portion 2200 can
be less, in inches, than approximately 0.001, 0.003, 0.006, 0.010, 0.011, 0.014,
0.019, 0.020, 0.03, 0.034, 0.037, and/or 0.040, and/or any value or subrange

therebetween.

[167] Certain exemplary embodiments can comprise one or more of the following:
[168] an electronic control, which can be adapted for sensing, processing, and/or

amplification. The electronic control can be packaged within a stator



information related to shaft 1700, first magnetic bearing 1300, second
magnetic bearing 1400, first thrust mi%netic bearing 1500, and/or second
thrust magnetic bearing 1600. [164] FIG. 2 is a block diagram of an
exemplary embodiment of a system 2000, which can comprise a junction

box 2800, wighigrnobe Adapiad keLlastiaalpsauniesachit! findialanagnetic
bearing static portion 2200 to an energy source 2900. Energy 18 source
2900 can b&stanestadisrast e Uhergy source adapted to provide

electiirsd en&y@nvidi A iesitiveHead ansaedativedead SusiR 200 6a1dns,
comprise a shaft 2100. Shaft 2100 can be_supported and/or restrained in

motion relat\VEds A REFICHraSHoTANS FrEEPA i) Insernatliahimgenetic

static portiopea2H0.ssREOpsH iGN aaRetitReaiing siathe At amasPes st
thrust magnetic bearing static portion 2160 and/or second thrust maggnetic

bearing static BBARHCS 18P it BrUSh SisaaE HRei g State PUtih S 360" We

associated WiEhacaaesper@nglfiRitroaneligrbRaring rotating portion 2250.
Likewise, second magnetic hearing static, portion 2300 can be assaociated

with élggﬂreg‘ﬁ%ﬁ Bty s RSaHREC BRGRRE Yot YRR talmagnetic
Electrical engigihgambe puavided 1o, fisd radiat Magneiicoherngasi@pertion
portion 2200Q via a first pair of electrical conductors 2500. Electrical energ

can be provid #5418t Y0 FREGH SHE BRI R SRR ROF 1 8P RdbPe
second thrugésnageeticiesiing siate paiieboitddofiancasaenndmapl (afch as

electrical copductors 2600. Similarly, electrical energy can he rovidegd ét

second radill O HEAI i SELad WG 5308 UiaUahFik Dl Perdiadhal

conductors RIG05)k65] Kifisid peesh pragnedichbeside @ Staicrpariianid 160

and/or second thr s&ma netic. bearing static porti %)180 can be adapted to

rostrbi bhat 168 0L ILSU Castoe 3186 et neghdhedidgnene

static portiobedii6Q eadosseoarnd by st hagn eligchedd Beasiatictes tiomntidh80

can comprise %\go of,more el ctrorr\;\%;nets‘{ﬁ6 In certtain exemg)[L%r%

embodiments *ar A YaisL1I0 BtEER Reat SRRRG T statihg™

portion 225Q@nprfiesindggnatiot keéatingnataittsphdped BPQDKshape (such as
illustrated by electromagnet 5700 of FIG. 5) with one coil per
electromagnet and no back iron;

[172] first radial magnetic bearing static portion 2200, second radial magnetic
bearing static portion 2300, first thrust magnetic bearing static portion
2160 and/or second thrust magnetic bearing static portion 2180 can
comprise electronic circuit boards and wiring in wedge-shaped volumes
(such as wedge volumes 5600 of FIG. 5) between electromagnets (such as
electromagnet 5700 of FIG. 5);
[173] first radial magnetic bearing static portion 2200, second radial magnetic

bearing static portion 2300, first thrust magnetic bearing static portion
2160 and/or second thrust magnetic bearing static portion 2180 can
comprise relatively small sensors (such as sensors 5500 of FIG. §)
positioned on both sides of electromagnets (such as electromagnet 5700 of

FIG. 5);



be less, in inches, than approximately 0.001, 0.003, 0.006, 0.010, 0.011,
0.014, 0.019, 0.020, 0.03, 0.034, 0.0?%? and/or 0.040, and/or any value or
subrange therebetween. [167] Certai %xemplary embodiments can
comprise one or more of the following: [168] an electronic control, which can

be agapigd fRES@BRINGaRHREE TRINGn 2BEUR paraBHEAlNRddIR AARiIOMiGnetic
control can be packaged within a stator 19 structure of a magnetic bearing

static portioRSifh SEFrBPHHABREHE: BEL Py SBREHDItIBRSIEE B FPrtion

communications MilioeRecehdnpresehinagirticheRs na s HizRAtIeRe catch
as first magnetic bearing static portion 2200, second radial magnetic bearing

static portio ORI et W REMHEThBIRE FUBHAG SR BF PP ELIBRERRINSPO of

second thruptQiaynetie AR arine Hiehe edicnodd 8chwithepéldheoneam ey @nhat
external electronic controller; [170] first radial magnetic bearing static portion

2200, secortBTSRNEPHEYRRAE s5RHgWUAR Flron sabbe R petween end

magnetic begfiaghstaticpariion ZEobard@®r Hagand dussmageatiahparing
static EEJortion 2180 can be associated with one or. more circuit boards of an

annular Shals8 (BdeN L HiRSESIHGIRP CIRUGRIMR d BS SR SREPSECORg 2t g or

circuit board&94Q @fudh@w that 3780 lbe PRGKEYeE @meittige siderafradial
electromagnets; [171] first radial magnetic bearing static portion 2200, .

second radiZAAEGIRRAT BT RATPatiGhas96D, ronthFadihagssse

bearing statiepoiicmt2lihasndigneecond thrust magnetic bearing static
portion 2180 can comprise independent electromagnets shaped in an E
shape (such as illustrated by electromagnet 5700 of FIG. 5) with one colil per

[1ectiasagnet paespabackiranfid 2kéngsieadiahmagnetic dfeamngrstatibearing
e S L. st sl peion 2900 o et
static3pootianl A8Aiglanagnetic rotating portion 3600 when both are assembled.

Radial magnetic rotating portion 3600 can be mounted on the outside diameter of
a rotating shaft of a machine and rotates with the shaft. Radial magnetic bearing
static portion 3100, which can comprise electromagnets and electronics, can
substantially surround radial magnetic rotating portion 3600. An inner diameter
of radial magnetic bearing static portion 3100 can be slightly larger than an
outside diameter of radial magnetic rotating portion 3600 so that a radial air gap
exists between radial magnetic rotating portion 3600 and radial magnetic bearing
static portion 3100. In certain exemplary embodiments, radial magnetic bearing
static portion 3100 can actively position radial magnetic rotating portion 3600
such that radial magnetic rotating portion 3600 remains substantially concentric to
radial magnetic bearing static portion 3100, thereby substantially eliminating

mechanical contact.

[177] Radial magnetic bearing static portion 3100 can comprise:
[178] one or more support plates 3200;
[179] a plurality of wedge volumes 3300;



comprise electronic circuit boards and wiring in wedge-shaped volumes
(such as wedge volumes 5600 of FIG,.5) between electromagnets (such as
electromagnet 5700 of FIG. 5); [173] fﬁ‘ t radial magnetic bearing static
portion 2200, second radial magnetic bearing static portion 2300, first thrust

magnegg)beasinehiiatiy PatiPRindhbfandieksesomchiargst magnetic bearing
static portion 2180 can comprise relatively small sensors (such as sensors

5500L68 HiG? B slandiéreots ¥oth sides of electromagnets (such as
electromagnet 5700 of FIG. 5); 20 [174] first radial magnetic bearing static
E%rtion 2200, second radial ma%;netic b,earinpﬁstatic portion 2300, first thrust
gt spangtigdseiRs s isgaeLiod S PLR EBR JARRIE S agnetic bearing
statiq pgatfion RIS7wmMA comprise sensors between electromagnets (such as
electromagnet 5700 of FIG. 5) at angular positions offset from centers of

electfofdgra?l etk at 1#Bi8atRts (such as sensors 5500 of FIG. 5) can be

packages] beween engetwingingdsrch as coil 5780 of FIG. 5) of the
electromagnets; and/or [175] touchdown surfaces (such as touchdown first

toucHdBWn Ak SRR Ea8Rd touchdown ring 5950 of FIG. 5) on

either side of first radial magnetic bearing static portion 2200 and/or second
radia] magnetic bearing static portlg:fn 2300. [176] FIG. 3 is a perspective .

LG BregR @B oS e 5t RARFAg O B My R L Ry stsos atic
whichdttisir tE® ars pxempEy ¢ad@mprpoeiiccheaiing ssatiecpori®9s B 4afch
andara?};al magnetic rotatin or,ti%%%oo ghen both are assembled.
RadiSM Ao iARS IR ERE PSS B0 R b b AR LI h &R gaurce-

diamsigtdh F0o0tadingsshpiisofaa saaahiticatiodsrptatsovatkyhehshafbaRadial
magnetic bearin% T%t,at(iaci@ogi’on 3100, \E/J/itmich can comprise electromagnets
and SREBHBIMEEUEEH QUBSEER) BN radial magnetic rotating portion
3600. An inner diameter of radial magnetic bearing static portion 3100 can
li rger than.an
[1§§]S igﬁgyi?sgan end view of an exemplary embodiment of a magnetic bearing system
4000, which can comprise:
[189] atouchdown ring 4100;
[190] one or more support plates 4200;
[191] atouchdown journal 4300;
[192] ahub 4400;
[193] an electrical connection 4600, which can be adapted to receive electrical
energy from an electrical energy source; and/or

[194] a communications port 4500, which can be communicatively coupled to a

network.

[195] FIG. 5 is an exploded view of an exemplary embodiment of a magnetic bearing
static portion 5000, which can comprise a plurality of electromagnets 5700, such
as three or more electromagnets 5700. Each electromagnet 5700 can be
comprised by an electromagnet sector 5750. Each electromagnet 5700 can

comprise a coil 5780. Magnetic bearing static portion 5000 can comprise a first



outside diameter of radial magnetic rotating portion 3600 so that a radial air
gap exists between radial magnetic rqtating portion 3600 and radial
magnetic bearing static portion 3100.70 certain exemplary embodiments,
radial magnetic bearing static portion 3100 can actively position radial

magnRappIRFHRIT0IAUARSAsceURN {hphsadinlmseNEladREtinE Aotiabe
3600 remains substantially concentric to radial magnetic bearing static

portidAaPieshi A EPERY SNBETIHNSRMHRAR ¢ 1T RBERaSREEsIRER /PP

Radiglinagpelicyeagsinglsiadic o0iond PR srGemiIeeitiby/#hene es000re
support plates 3200; [179] a plurality of wedge volumes 3300; 21*’\}1;801 a
pluraP SIS RSATRRINALO R ks DU e L 1§e SR 4R REBWRervyith

3800n{d@ahRadiapnragnelicihbeaing.retating persionidaPm can Lampnistficrs,
[183] a hub 3700; [184] a plurality of laminations; [185] a sensor target ring;
and/GP{A%6) 4 BUC AR SUTAE P Tt T8 Y e pOmEfo KAt B BYEBEC
can ke Raskaes) INFadiguNagnaticricar ie Stakisli RO e HEAAapisstesprovide

3000 can comprise an electrical connection 3950, which can be adapted to
receiPE BIEAHIH 8N PR RHIH BN EIBE FlESiBmasy SoupbEalisy oferlrdronagasts
COMFTHO) AN GTUAICBLLRIS PO RO, VuNiehe¢36(TEc £ORTHIMIBLNEHOsed
coupled to a network. [188] FIG. 4 is an end view of an exemplary
embOGINEHT BEY TR R AP, Oﬁéb’ﬁfrﬁ}i’?ﬂ%’%tégg%% SPReO[TRE

a toushgRWwurngAdOoR:{Le0lonawrisure suppadhpledas A20Q1cktA¢laignals
touchdown 'OU{naI 300; ,[1924 a hul% 4%00; ! ..
rom plurality of position sénsors 5500 to at least one of a first annular circuit

board 5300 and a second annular circuit board 5900.

[196] In the exemplary embodiment illustrate, there are four electromagnets, each
consisting of a stack of bonded E-laminations with a coil wound around the center

leg of an “E” shaped electromagnet.

[197] In certain exemplary embodiments, each of plurality of electromagnets 5700 is
individually secured between first support plate 5400 and second support plate

5800 without a continuous back iron between plurality of electromagnets 5700.

[198] Each electromagnet 5700 can be comprised by a modular electromagnet sector
5750. Each electromagnet 5700 can be associated with a corresponding pulse
width modulated amplifier. Each pulse width modulated amplifier can be adapted
to provide electrical energy to a corresponding electromagnet 5700. A
corresponding wedge volume 5600 can comprise each of the pulse width
modulated amplifiers. Each wedge volume 5600 can be radially disposed

between a corresponding pair of the electromagnets 5700.



[193] an electrical connection 4600, which can be adapted to receive
electrical energy from an electrical energy source; and/or [194] a
communications port 4500, which can“be communicatively coupled to a
network. [195] FIG. 5 is an exploded view of an exemplary embodiment of a
[199991RGH eI S3tATicaRYEi Al pRAGoMAIRT G ANGRIT RTASE G P bRl OfF heat
electromagnets 5700, such as three or more electromagnets 5700. Each

electPSAYAGHEEBTON b B coRI R 1 R nsctidin ot s sttt shspaxial
Eachrele¢if onagiel B €a3mticBRISLBEPE 2 M0aVagNsiiei Nepaanstab¢

portion 5000 can comprise a first 22 support plate 5400 and/or a second

supptHPIdeBaHE 2Hh JRARAH CahiseSagEtE PIcSTHIBREHRHER ASstrain

motiqneef] elekeomaanRtssTors 5750, a plurality of wedge volumes 5600,
and/or aﬁlurality of position sensors 5500. Magnetic bearing static portion

5000 &8N cdtrisAaaulascisht taatied®Width modulated amplifiers, such as

threeennokederisaniidih ¢nedulpéasiFvpdifiaisonoused within a respective
corres%:)Qonding wedge volume of E)Iurality of wedge volumes 5600. Each

pulse Widkh {oRtted Lnpniiated ABRIIFEH SO RS BrE iy A BE 6rRL BR igy
to a corresp@Bbdiag, elesicosvmnetof plurality of electromagnets 5700. Each
of the plurality of wedge volumes 5600 can be radially disposed between a
corresponding pair of plurality of electromagnets 5700. One or more of the

[2ph)ralitysohwadge volinesrd600Tambe adantdddapaps cleshivalisighals
from plurality of position sensors 5500 tq at least one of a first annular circuit
board B366"2 8@&8%&8%%8?‘&?&‘&%%’%%86@&5@]&)@t %CSQQHB}B

embegicaariolb e, dhierve adepiediteincviiv apraisaeadte ¢onsistingioiave

stack of bonded E-laminations wjth a coil wound aroynd the center, leg of an
- SHEDREEIRLTR SOMER PP IREC IS A PV B E SRR TRRTAEch of

pluralityptifeisctiamagmelarcl QQisbéacividoalbas eewieckbeiimeesufitst aupfort
plate 5400 and second support ﬁlate 58001 without %cogt'gbtb%us back iron
betwSSHBRIFSHEYSHets Kyprstng Aggular circuit boar '

[205] Plurality of position sensors 5500 can be adapted to detect a radial position of a
magnetic bearing rotating portion corresponding to magnetic bearing static
portion 5000. Each of plurality of position sensors 5500 can be located between a
corresponding pair of plurality of electromagnets 5700. As such, each of plurality
of position sensors 5500 fits between a corresponding pair of coils of plurality of
electromagnets 5700. By averaging the signals from sensors that are located on
each side of a magnet, and by subtracting signals from sensors across a diameter,
an influence of rotor growth (due to thermal and centrifugal forces) and an
influence of angular pitch of the rotor may both be compensated for and/or
eliminated from the sensed signal. Averaging the signals can improve a relative
ability to detect an actual position of a center of a rotor relative to a center of a
stator, which in turn improves a stability of a closed-loop control of magnetic

bearing static portion 5000. In certain exemplary embodiments, plurality of



[198] Each electromagnet 5700 can be comprised by a modular
electromagnet sector 5750. Each eleéltj[lomagnet 5700 can be associated
with a corresponding pulse width modulated amplifier. Each pulse width
modulated amplifier can be adapted to provide electrical energy to a

corregRRBAIRGRIRaH RUIARAS! 8P AsCRITRERINCINGWR B MobumE 5600

can comprise each of the pulse width modulated amplifiers. Each wedge
volurARPEBHIRIGYHE (S6#E8% - disposed between a corresponding pair of the
electromagnets 5700. 23 [199] Support plate 5400 can be adapted to
transfer greater than fifty percent of heat provided from an axial face o

d frony of
[2%dgMagnsEs fsarngfEho RIEH Lo Orfid semPsed Brineyrbdvyransg 100
staticpamdionseEOicanchestlaast pastaliydelingriy ciaushdpipedingssd Qe

The heat can be generated by components such as: [200] electromagnets

57005 BEIRHHA LA Rt BT PEROO DS SLE SR ISHAAHREEafion
boardyh89do anshieick @akibe b uissisddthtreadiatesh anenlifivrsigemArisashbyap

and/or contained in wedge volumes 5600, etc. [,204% First annular circuit

boar@H366"L BRddipRdTAdishoydulortHrsany) aBinEcserfom a
netwasKcRt 66/ v B30I 8QRRE HINGR Mo Da i whgbtals ediayiideaaida

5900 can be adapted to provide electrical energy, communicative signaling,

and/SP ARG SR TN h A LG BRE P S RictRRTRUMARYY OafipiHersa radial
First gagnbéaw edicpitihoaythb3ROtEaNRaRieTIToally eatiplediangtion of the
communicatively coupled to second annular circuit board 5900. [205] Plurality
of poBlfSHrUE REAFN S50 Y, 1881%‘%{@?8&%{8‘88%‘8{18 g&%ﬁ%gp‘éé}ﬂ APSFUIng.
magretielierng wsitating podiontoirespandin@doamagietitipaaring séatitng
portion 5000. Each of plyrality of posii%n sensors 5500, can .elocate(% .
betwBEIN S5 TSPARLRHS PEtF B STk BP eI A s L HOBIoA L Sih,
eachtofighdoalityring posiianisansosnd bl lids e ieesoaCatihsponsing pair

of cojls of plurality of electromagnets 5700. By averaging the. signals from

sen sh‘fa’é"%ﬁ g],% [ dyom 1n %agnetlc gearn}/g static %or%oneS8 an t{le
rotating portion of the magnetic bearing. This reduces potential damage to the
magnetic bearing and/or an associated machine when the magnetic bearing is not
operating. Because touchdown surfaces are included on both ends of magnetic

bearing static portion 5000, the magnetic iron is protected from contact along an

entire length of an associated lamination stack.

[207] FIG. 6 is an exploded view of an exemplary embodiment of a magnetic bearing
rotating portion 6000, which can comprise a series of components mounted on an
outer diameter of a hollow hub 6100. Hub 6100 can be mounted on a shaft of a
machine (not illustrated). A stack of rotor laminations 6200 can be mounted in a
central region of hub 6100. Rotor laminations 6200 can be adapted to complete a
magnetic flux path of electromagnets comprised by a magnetic bearing static
portion, thereby producing a radial force associated with the magnetic bearing.
On either side of rotor laminations 6200 are first sensor target ring 6300 and

second sensor target ring 6500, which can be surfaces detected by a plurality of



each side of a magnet, and by subtracting signals from sensors across a
diameter, an influence of rotor growth_(due to thermal and centrifugal forces)
and an influence of angular pitch of the rotor may both be compensated for
and/or eliminated from the sensed signal. Averaging the signals can improve
a relatiyeoRRUR9se@ BRIl PRSitiRG ohacpnesf RisgiRtitelatiMado a
center of a stator, which in turn improves a stability of a closed-loop control

of maghEne IEHARG QA FN 6PERATISOAAI T, CuRRIR wRdpiEhP &M B vehts,

plurality Hd26uSRMNSORS; GRER1 CROEAIMRISE. /18D HASNSA D Whiah GaRRACRR ter
offset by approximately 45 degrees. [206] Magnetic bearing static portion

5000944 eBRTBAREIRERat Bl INEBAM Y S OF R iBfoPASSEHE AAEBE FHBNN
ring 296fkigarh of which can be adapted to separate static portion 5000 from
the corresponding magnetic bearing rotating portion when no electrical
energy is applied to the radial magnetic bearing. A radial gap between the

[20¥)1er/dieELe he EhiEsi fRuchaamwai e k% e sesongk akehdemoHiRJA of
5950 and correspaonding touchdown journals comprised by a rotating portion
of thd’ ﬁ%&a&?&‘&'ﬁrﬁj‘%&?@e@ﬁb%ﬂrﬁ%&@d&ﬁ@m% SCRYdHICyap of
betwerptRitadityof Slactiamagmeis osRgrard the rotating portion of the
magnetic bearing. Accordingly, when the magnetic bearing is not operating,

eithet158da 4BRY BRI 0 %ectrical energy or because of a failure, the

rotatifay oporédRoRftihe:nT2goetic bearing can be supported at an inner

diameter of first chdown ring 5100 and/or second touchdown ring 5950
with (]:J)n 7t%’z)ﬁ/§/een the magnetic iron in magnetic bearing static portion
5000[2nzl| thetsetatiigaporioniof.the magnetic bearing. This reduces potential
damigﬁ Ho the agvne.tic b%ﬁ? and/or an associated machine when the
magnétic bdPHY R HICBPErAaRY. Because touchdown surfaces are
inclugezthpn tbothdsvas i gragoetic bearing static portion 5000, the magnetic

iron i tect n coptact along an entire length of an associated
Iamirf&ggi sﬁaﬁ(i?t}[@@]ﬂﬁﬁ{@. 6 is an exploded view of an exemplary

emb@aireenhmfidamagieticdaeh g, etc.

[217] FIG. 8 is an exemplary embodiment of a system 8000 illustrating section B-B of
FIG. 4, which can be a sectional view of a cut made through a region comprising
sensors of an exemplary embodiment. System 8000 can comprise:

[218] power connector 8100;
[219] sensor 8200; and/or
[220] wedge volume 8300, etc.

[221] FIG. 9 is an exemplary embodiment of a system 9000 illustrating section C-C of
FIG. 7, which can be a cross section at the axial plane of the electromagnets.
System 9000 can comprise:

[222] rotor laminations 9100;
[223] electromagnet 9200;
[224] coil 9300;



rotating portion 6000, which can comprise a series of components mounted
on an outer diameter of a hollow hub 6100. Hub 6100 can be mounted on a
shaft of a machine (not illustrated). A%tack of rotor laminations 6200 can be
mounted in a central region of hub 6100. Rotor laminations 6200 can be
adaptedsto campletsiamegn@tinies path of electromagnets comprised by a
magnetic bearing static portion, thereby producing a radial force associated
with M@%aﬁﬂ'@t %&ﬁhg. On either side of rotor laminations 6200 are first
sensor target ring 6300 and second sensor target ring 6500, which can be
surfaces detected by a plurality of 25 sensors comprised by the magnetic
[2p&brikl st ds B s RmmTApheB asiERG O daYiig O HIOR bt e sSrinde R
first tepFdOWNJRININA| £ It SAGAHA 1keh dPPaLIRsERh&&e0 sydiich
can be adapted to contact a inner diameter of a corresponding pair of
toucHdOW SHFOWABFthe magnetic bearing is not energized. [208] FIG. 7 is
an exenyylapnhapberiment of a system 7000 illustrating section A-A of FIG.
4, which is a sectjonal view of a cut made through a central region of
electFAAgridieieadannd 588l (2% mprise: [209] support plate 7100; [210]
senspriargettédéiiiotdldihpub#Qan{zd:2] rotor laminations 7400; [213]
touchdown journal 75%;); d{214 touchdown ring 7600; [215] coil 7700; and/or
[216]L &R huIdr4PRAH BGYF c. [217] FIG. 8 is an exemplary

embodiment of a system 8000 illustrating section B-B of FIG. 4, which can
a sectional view of a_ cut made Ihrougaa region comprising sensors of an
Dggbnﬁéfn} ﬁ?&‘é‘o‘fﬁ?é?ﬁ?%%’x&é‘%%‘é%“c& X ﬁ?ﬁ%@%@‘féfw téP%B?‘ﬁ‘i’é’&ﬁ‘E
81006f FIG. 8, which is a cross section at an axial plane of touchdown surfaces. FIG.
11 illustrates an exemplary embodiment of a sensor fitting between end windings

of electromagnets. System 11000 can comprise:

[233] asensor target ring 11100;

[234] acoil 11200;

[235] asensor 11300;

[236] ahub 11400;

[237] atouchdown journal 11500; and/or
[238] a support plate 11600, etc.

[239] FIG. 12 is a flowchart of an exemplary embodiment of a method 12000. At
activity 12100, electromagnets can be obtained. For example, an E-shaped

electromagnet, such as electromagnet 5700 of FIG. 5 can be obtained.

[240] At activity 12200, coils can be obtained, which can be adapted for placement on
the electromagnets. For example, a coil, such as coil 5780 of FIG. 5 can be

obtained.



[219] sensor 8200; and/or [220] wedge volume 8300, etc. [221] FIG. 9 is an
exemplary embodiment of a systemiggo illustrating section C-C of FIG. 7,
which can be a cross section at the | plane of the electromagnets.
System 9000 can comprise: [222] rotor laminations 9100; [223]

[2elgctiomagiiel 92860, BddlrisQ3AB25biizdRl replarpprng HidPdiaiag/ or
[226] hub 9500, etc. [227] FIG. 10 is an exemplary embodiment of a system
10009/SAlISHistiriEr SEE HOAPE D OdtRIEsle Pulki LT amaddated sipilara haxial

plane RERERIHSNEERTOES oBygiRM TROCR casnrosMRIISS ct ] adhplRLEK00;

[229]. a touchdown journal 10200; [230] a touchdown ring 10300; and/or .

[231] 35 E5H6R ar&?er ARSI 28O OE E0Te Viedgh WMMpIA AtibisARTEAR of
of a systemeclitMariligstrating section E-E of FIG. 8, which is a cross section
at an axial plane of touchdown surfaces. FIG. 11 illustrates an exemplary
embodiment of a sensor fitting between end windings of electromagnets.

[28yptem LAY camoomplisaidy? 38 savsan tay gstdingl 1 1HG R34y afcRisors
11200; [235] a sensor 11300: [236] a hub 11400; [237] a touchdown journal
115087 LIRSS dp Q%Hﬁ&dﬁ%a%i%éﬁ?@?@%’é?&%{rfé slegUrRIdREn-
of anExematany enhedinanintcamnebadolRe80.sAhdial position of a rotating

portion of the magnetic bearing relative to the static portion of the magnetic

bearing.

[243] At activity 12500, support plates can be obtained. The support plates can be
adapted to, in certain operative embodiments, hold the plurality of electromagnets

in a substantially fixed position relative to the plurality of wedge volumes.

[244] At activity 12600, a plurality of annular circuit boards can be obtained. At least
one of the plurality of annular circuit boards can be communicatively coupled to
the plurality of electronic circuits. At least one of the plurality of annular circuit

boards can be adapted to provide electrical energy to the electronic circuits.

[245] At activity 12700, touchdown rings can be obtained. The touchdown rings can be
adapted to rest on corresponding touchdown journals of a magnetic bearing when

the magnetic bearing is not energized.

[246] At activity 12800, the static portion of the magnetic portion of the magnetic
bearing can be assembled. The static portion of the magnetic bearing can
comprise:

[247] one or more support plates;
[248] a plurality of wedge volumes;
[249] a plurality of electromagnets;



activity 12100, electromagnets can be obtained. For example, an E-shaped
electromagnet, such as electromagnef 5700 of FIG. 5 can be obtained. [240]
At activity 12200, coils can be obtained, which can be adapted for placement
on the electromagnets. For example, a coil, such as coil 5780 of FIG. 5 can

be optsined Hdrdid1dALaivity 12300, electronics can be obtained. For
example, a plurality of electronic circuits adapted to provide pulse width

modutatel BRARREhaM B HiEbRAEs i E@bbtained. The electronic
circuitssoan hie: ad apsediipcHastallaties, ard/or placement in one or more

wedge volumes of a static portion of a magnetic bearing. [242] At activity
12400, a plurality of sensors can be obtained. The plurality of sensors can

[2b8) adaptechieybe dustal ed Rriyvesiaeh (aesRARE NG pairdkelartomaanstsd.
The plurality of sensors can be adapted to detect a radial position of a
rotatibfe FYRIBIE BPEHEA He M BisrRy FERFiGAL 6 IME tic portion of the
magness) bgatipg. [243] At activity 12500, support plates can be obtained.
The sugg)ort plates can be adapted to, in certain operative embodiments,

hold the plufdhiy S ¥IBEIARIRIINES in a substantially fixed position relative to

the plasaljty sfewedgse/ obrsae saf@44indt agtivily 12600, a plurality of annular
circuit hoards can be obtained. At least one of the plurality of annular circuit

board&ddn B BRINGHRARANY RéRAI%S Ehe plurality of electronic circuits.

At least one of the plurality of annular circuit boards can be adapted to
rovide electrical energy to the electronic circuits. [245] At activity 12700,
N Btichdown rings can be obtained. The touchdown rings can be adapted to
(2583t Srinespeaciog oldchdow R itbianie ot avinagaetie bealinpheanthethose

magnetic hearing is not energized. [246] At activit 1%800 the, static pqrtion

of tha HHIRSH B8 SPGB AR G AFES ot HECL ARG, P
staticiporiioes of dretmagaatiplbgasinbocimesBMAri@uld be understood that
numerous variations, modifications, and additional embodiments are possible, and

accordingly, all such variations, modifications, and embodiments are to be

regarded as being within the spirit and scope of this application.

[259] Thus, regardless of the content of any portion (e.g., title, field, background,
summary, abstract, drawing figure, etc.) of this application, unless clearly
specified to the contrary, such as via an explicit definition, assertion, or argument,
with respect to any claim, whether of this application and/or any claim of any
application claiming priority hereto, and whether originally presented or
otherwise:

[260] there is no requirement for the inclusion of any particular described or
illustrated characteristic, function, activity, or element, any particular
sequence of activities, or any particular interrelationship of elements;

[261] any elements can be integrated, segregated, and/or duplicated;

[262] any activity can be repeated, performed by multiple entities, and/or

performed in multiple jurisdictions; and



[247] one or more support plates; [248] a plurality of wedge volumes; [249] a
plurality of electromagnets; 28 [250] %glurality of sensors; [251] one or more
annular circuit boards; and/or [252] ofié or more touchdown rings, etc. [253]
At activity 12900, a rotating portion of the magnetic bearing can be
assemBigd. afaciataling Herian efihe spaeimrRia Peing-aaheqRnREse: 254]
a hub; [255] a plurality of laminations; [256] one or more sensor target rings;

and/or [257AGNE 6P MBI uRRY SRS JNIFERA QRS MpHE TEsmnstiRag e

practical and useful embodiments will become readily apparent to those
skilled in this art from readin%?the above-recited detailed description and

[26FhwMGEaY e RARNANTRRF LRk SRS e o Reb Dt Bilget slsadvmtated
nuUMeyAUSNa AN MR icatinass apsradaiianahembasimants a'@escribed

possible, and accordingly, all such variations, modifications, and

embOGHTIBNtL1SHS SR RlyadcRiBeay ey iRt tReTudsialing Les sheptipiad

appligatianr{r&8] thbsa ravielesprRf the ceptest okany RAERRiKBD thtitleange
field, background, summary, abstract, drawing figure, etc.) of this application

unle< LIl UR S DR EE P SutH SRR Sn ekticit tenitiol; 170
assegionyDreds Juhteintl il JesPeehie ame liadicaneingr of fhisapphration

and/orﬁan claim of ang application claiming priority hereto, and whether
origina! ?/éf@&?téédr Stiefnile: [260] there is no requirement for the
inclusion of any particular described or illustrated characteristic, function,
ivity, or element, any particular, sequence of activities, or any particular
[2%Lrlgf§ﬁ{ﬁgm€?ﬁ@%&@?ter?al (Sé. g., a L?mted %tates patent, %I}{tgg tates patent
application, book, article, etc.) that has been incorporated by reference herein, is
only incorporated by reference to the extent that no conflict exists between such
information and the other statements and drawings set forth herein. In the event
of such conflict, including a conflict that would render invalid any claim herein or
seeking priority hereto, then any such conflicting information in such

incorporated by reference material is specifically not incorporated by reference

herein.

[266] Accordingly, the descriptions and drawings are to be regarded as illustrative in

nature, and not as restrictive.



[261] any elements can be integrated, segregated, and/or duplicated; [262]
any activity can be repeated, perform(:}(azby multiple entities, and/or
performed in multiple jurisdictions; and'29 [263] any activity or element can
be specifically excluded, the sequence of activities can vary, and/or the

Wwhigedpianshig: of elements can vary. [264] Moreover, when any number or
range is described herein, unless clearly stated otherwise, that number or
range is approximate. When any range is described herein, unless clearly
stated QiRenyisemiiadingnge includes all values therein and all subranges
therein. For example, if a range of 1 to 10 is described, that range includes
all valued HRBRREEAEsuch as for example, 1.1, 2.5, 3.335, 5, 6.179,

8.9999, etc., angripeidesaisurangcHiheighriesRoasAg for example,
1to 3.65,2.8t08.14,1.9310 9, etc. [265] Any information in any material
(e.g., a United States patéﬁ”t‘,] nited States patent application, book, article,

etc.) that has been incorpppaiesiby sefergnsedasrein, is only incorporated by
reference to the extent that no conflict exists between such information and

the other statements and HiSWME'SEt KA herein. In the event of such

conflict, including a confligtfifatyeultbtangsihayaliciany claim herein or
seeking priority hereto, then any such conflicting information in such
incorporated by reference@‘ﬁ?&fgﬁaﬁ%@ﬂgﬁﬂdgﬂyjﬁbtai‘?raorporated by
reference shesetonigbitindecordingly, the descriptions and drawings are to be
regarded as illustragive in nature, and not as restrictive. 30 What is claimed

is: 1. A system S5HRYSHAEHG OB S BHSIRG L PRt Retic bearing

rotating portion comprisingired btiore electromagnets, each electromagnet

comprised by an electromagnet sector;

a first support plate adapted to support said electromagnet
sectors;

a second support plate adapted to support said
electromagnet sectors;

three or more pulse width modulated amplifiers, each
adapted to provide electrical energy to a corresponding
electromagnet of said three or more electromagnets, each of said
three or more pulse width modulated amplifiers comprised by a
corresponding wedge volume, each wedge volume radially
disposed between a pair of said three or more electromagnets;

a first annular circuit board adapted to accept a
communicative connection from a network;

a second annular circuit board adapted to provide control
signaling to said three or more pulse width modulated amplifiers;

a plurality of position sensors adapted to detect a radial
position of said rotor, each of said plurality of position sensors

located between a pair of three or more electromagnets;



a plurality of laminations; a sensor target ring; a first touchdown journal; and
a second touchdown journal; and a stator comprising: a radial magnetic
bearing static portion comprising: three or more electromagnets, each
electromagnet comprised by an electromagnet sector; a first support plate

adapted to support said ejagiienaagnaingeitdasesRRa S YRRt EIdBm said
adapted to support said electromagnet sectors; three or more pulse width

modulated amplifief&!¥aEheBASIETHGIhIaFEY sidoriid Khetigyagial magnetic
corresponding elepé@rRaairt of said three or more electromagnets, each of
said three or more pulse width modulated amplifiers comprised by a
corresponding Y DIERTEC DSRHRGSHRJIS PORtioR SaaRiIy "disposed
between a pair of said thregoQirieie elegtanagasts; a first annular circuit
board adapted to accept a communicative connection from a network; a

second annular circuit boSi® SESIREPHISrBiAdL Poftafedigmalitiytio €6
three or more pulsgduiiél oesialed apapiifiesseraynliisaldyra@ippagition

sensors adapted to detect a radial position of said rotor, each of said plurality

of position sensor< fEEYBABEINESH LB Q PO MAFREIBT FRBIRERR  trarAY matd
31 atouchdown ringoastanted palsepanaiarcaig] Q@b HPNTisaid Siaiaksungnano

electrical energy is applied tQ said radial magnetic bearing; and .
corresponding wedge volume, each wedge volume radially
disposed between a corresponding pair of said two or more
electromagnets;

a first annular circuit board adapted to accept a
communicative connection from a network; and

a second annular circuit board adapted to provide control

signaling to said two or more pulse width modulated amplifiers.

2. A system comprising:
a stator comprising:
a first radial magnetic bearing static portion comprising:

three or more electromagnets, each electromagnet
comprised by a modular electromagnet sector; and

three or more pulse width modulated amplifiers, each
adapted to provide electrical energy to a corresponding
electromagnet of said three or more electromagnets, each of said
three or more pulse width modulated amplifiers comprised by a
corresponding wedge volume, each wedge volume radially

disposed between a pair of said three or more electromagnets.

3. The system of claim 2, further comprising:



a thrust magnetic bearing static portion comprising: two or more
electromagnets; two or more pulse width modulated amplifiers, each
adapted to provide electrical energy to a corresponding electromagnet of
said two or more electromagnets, each of said two or more pulse width

modulatgdiaRlifiiesx GanpRieiReRiaAN esRpRAING YRSV A cBidRaring
wedge volume radially disposed between a corresponding pair of said two or

more’ BIERSHAY NS CA% St 2Miitfar circuit board adapted to accept a
communicative connection from a network; and a second annular circuit
board adapted to provide control signaling to said two or more pulse width

mibd At SR MiEtaim 2 Au{hee RO OB HA&INg: a stator comprising: a first

radial mageesicdaarinechabaie PBEHARLOMRY isdh@onthree or more
electromagnets, each electromagnet comprised by a modular electromagnet

sector; and three or more pulse width modulated amplifiers, each adapted to

pPRIVigiREIakiaAIfRNEIE R [PuBO (RSRRNEINRg electromagnet of said three or
more elect_romaa_nets, each of said three or more pulse width modulated

amplifiers WSHBREL NBSISIC HrRLpe Ay s/ bAl s ddads Wagkrically
volurseuiaeiedlys Aispasesdnatineeiadtieh Saistihpeeienmore

electromagnets. 3. The system of claim 2, further comprising: 32 a junction
box adapted to electrically couple said first radial magnetic bearing static

PeItiaméas Ae@nergyasaur Cirthef Bensystang:of claim 2, further comprising:

a first radial magnetic bearing rotating portion adapted to be magnetically
coupled to said first radial magnetic bearing static portion, said first radial
magnetic bearing rotating portion comprising:

a hub;

a plurality of laminations;

a sensor target ring;

a first touchdown journal; and

a second touchdown journal.

7. The system of claim 2, further comprising:

a support plate adapted to support said three or more electromagnets.

8. The system of claim 2, further comprising:
a first support plate adapted to support said three or more electromagnets; and

a second support plate adapted to support said three or more electromagnets.

9. The system of claim 2, further comprising:
an annular circuit board adapted to accept a communicative connection from a

network.



a second radial magnetic bearing static portion. 5. The system of claim 2,
further comprising: a first radial magn'%%c bearing rotating portion adapted to
be magnetically coupled to said first radial magnetic bearing static portion. 6.
The system of claim 2, further comprising: a first radial magnetic bearing

rofetingcRgRion afapiadiorbendagngiicatiy: coupled to said first radial
magnetic bearing static portion, said first radial magnetic bearing rotating

portion cBhBRYIAGCIECHIiRoaHIataRts biaRRvdasRaIY signalipedysaifidycs or

first tpuebgawe JauR atoatmtdl seefingeiouchdown journal. 7. The system of
claim 2, further comprising: a support plate adapted to support said three or

more electromagnets. 8. The system of claim 2, further comprising: a first

SUpPYHR e AAHIREM® SERRRI SaithEhiae: or more electromagnets; and a

second support plate adapted to support said three or more electromagnets.
9. The s?ﬁé%h%ﬁ&l&fﬂ@%hﬂ@ﬂ@&ﬁ&ﬁ?&ﬁ?g%cﬁﬁpéﬁr?ﬁra%}?&ﬁfl%ﬁ%l%&&bd

to acaept a cameikiuaative connection from a network. 33 10. The system of
claim 2, further comprising: an annular circuit board adapted to provide

control stofSRG 2BLE THIE SPAoHEABIRLAARERK (R SAIEe S SRR ]

The shiient afstapils Wwtienheampesingpafikss. annular circuit board
adapted to accept a communicative connection from a network; and a

second annular circuit board adapted to provide control signaling to said
12. The system of claim 2, further comprising:

an annular circuit board adapted to accept a communicative connection from a

network, said annular circuit board comprising a communications port.

13. The system of claim 2, further comprising:
a plurality of position sensors adapted to detect a radial position of a rotor
associated with said stator, each of said plurality of sensors located between a

corresponding pair of said three or more electromagnets.

14. The system of claim 2, further comprising:
a plurality of position sensors adapted to detect a radial position of a rotor
associated with said stator, each of said plurality of sensors located between a
corresponding pair of said three or more electromagnets, wherein said plurality of

sensors comprises eight sensors, each offset by approximately 45 degrees.
15. The system of claim 2, further comprising:
a touchdown ring adapted to separate a rotor from said stator when no power

is applied to said first radial magnetic bearing.

16. The system of claim 2, further comprising:



three or more pulse width modulated amplifiers. 12. The system of claim 2,
further comprising: an annular circuit hoard adapted to accept a
communicative connection from a network, said annular circuit board
comprising a communications port. 13. The system of claim 2, further
comprisineh AR iM R RABIHOR SeNpera ARt ihdelrcbafRMal position
of a rotor associated with said stator, each of said plurality of sensors

IotSf BagRESN a corresponding pair of said three or more electromagnets.
14. The system of claim 2, further comprising: a plurality of position sensors
adapted to detect a radial position of a rotor associated with said stator, each

ofl SaltPpIoSIf) 8f SEiBorsHOEETELABESaRA RE R SRR SO RoAIH G Yattd
threen@ioiare RISCHS Boagseim AR iR SRIGCIUAANLY Phtisgsatn COMRERES
eight sensors, each offset by approximately 45 degrees. 15. The system of
clainf PRt EBp P oS it ARk e L0 ia o tor
from said stator when no power is applied to said first radial magnetic
bearing. 16. The sfystem of claim 2, further comprising: 34, a thrust magnetic
béﬁriﬁges‘&ﬁ‘tfé%? iGHEBmPHAHY MEHR HORFddrebtitihadHatdoyedpRe ring of a
systemhgh&laibtdivgheiaitismaighmbaeiwrRe afioiatng portion Maa rotating
magnetic bearing comprising said mzignetic bearing static portion and said
magROf P il AR P RSAT 948 S AR IRIRIRAKN DS iRehes. 18.
The method of claim 2, wherein a gap defined between a first touchdown ring
of§ magnetic bearin? comprising said magnetic bearing static portion and a
rotatiftg YpBHd BPES&magnetic bearing is less than approximately 0.010
inches. ktAGysiepeapprising: a stator comprising: a thrust magnetic
bearing static porHon comprising: . . . ..
a thrust magnetic bearing static portion comprising:
two or more electromagnets, each electromagnet comprised

by a modular electromagnet sector; and

two or more pulse width modulated amplifiers, each
adapted to provide electrical energy to a corresponding
electromagnet of said two or more electromagnets, each of said
two or more pulse width modulated amplifiers comprised by a

corresponding wedge volume, each wedge volume radially



two or more electromagnets, each electromagnet comprised by a modular
electromagnet sector; and two or more pulse width modulated amplifiers,
each adapted to provide electrical enZ%y to a corresponding electromagnet
of said two or more electromagnets, each of said two or more pulse width

modulated amplifiefsQRPHsetay AcGoEEpoRAMI PAIMEAARI Ry Memeach
wedge volume radially 35 disposed between a corresponding pair of said

two or more eIectr@ﬁ?&Qﬁ&%‘.‘%. A system comprising: a stator comprising:
a support plate adapted to transfer greater than fifty percent of heat provided
from an axial face of said stator, said heat generated by components
cOMPNSHE T ER B e electromagnets comprised by a radial magnetic
bearing gtatitopesiighigaeh electromagnet comprised by a modular
electromagnet sector; and three or more pulse width modulated amplifiers,

each adapted tB BreRAGEPGCEeRIcsHaEIT S seresiBRdiny Brsetdmblrt

of said two grdviI&l elastiamagneiss 6achPEaaIE tuia BEMERRAISEDYIdth
modulated amplifiers comprised by a corresponding wedge volume, each

wedge volufffERRNERS GRPBLEdHetween a corresponding pair of said two or
more electromagnets. three or more electromagnets comprised by a radial

magnetic bearing static portion, each electromagnet
comprised by a modular electromagnet sector; and

three or more pulse width modulated amplifiers,
each adapted to provide electrical energy to a
corresponding electromagnet of said two or more
electromagnets, each of said two or more pulse width
modulated amplifiers comprised by a corresponding wedge
volume, each wedge volume radially disposed between a

corresponding pair of said two or more electromagnets.



