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(57) L invention concerne un dispositif d’alimentation
destin¢ a fournir une alimentation continue pendant un
certain laps de temps. Ce dispositif d’alimentation
comprend une unit¢ de commande et un dispositif a
volant magnetique. Ce dispositif a volant magnéetique
presente un carter (45), qui contient un rotor de volant
magnetique (15), amnst qu'un rotor moteur/gencrateur
(80). Le rotor de volant magnétique (15) et le rotor
moteur/génerateur (80) sont montes sur le méme arbre.
Un palier magnétique axial actif (50) est place de
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(57) A power supply device for providing uninterrupted
power for a period of time 1s disclosed. The power supply
device has a controller and a flywheel device. The
flywheel device has a housing (45) that contains a
flywheel rotor (15) and a motor/generator (80) rotor. The
flywheel rotor (15) and the motor/generator (80) rotor
are mounted on a common shaft. An active axial
magnetic bearing (50) 1s located to support the shaft for
frictionless rotation. The bearing provides support for the
shaft, the flywheel rotor (15) and motor/generator rotor
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maniere a soutenir cet arbre, lu1 permettant ainsi de
pivoter sans frottement. Ce palier soutient en outre ledit
arbre, le rotor de volant magnetique (15), et le rotor
moteur/gencrateur (80). Le palier magnétique axial (50)
est fixe audit carter (45) et fournit, en association avec
ledit rotor moteur/gencrateur (80), une trajectoire de flux
et un champ magnetique afin d’exercer une force
magnetique qui permet de soulever ledit rotor moteur/
generateur (80) et 17arbre sur lequel 11 est monte.
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(80). The axial magnetic bearing (50) 1s attached to the
housing (45) and provides, 1n combination with the
motor/generator (30) rotor, a flux path and a magnetic
field to exert a magnetic force to lift the motor/generator
(80) rotor and the shaft on which 1t 1s mounted.
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FLYWHEEL POWER SUPPLY
FIELD OF THE INVENTION
This invention relates to uninterruptible power supply systems and

particularly to flywheel systems. More particularly, the invention relates to
a magnetic levitation flywheel system.

BACKGROUND OF THE INVENTION

The telephone industry has long used lead acid batteries for back-up

power to provide uninterruptible service. The typical telephone network
sends signals over optical fiber from the central office to a remote terminal.
10 There, the signals are converted from optical into electrical waves and

demultiplexed onto individual copper lines bundled together as trunks for
connecting to the home.

Each remote terminal supports approximately 1000 homes. The

15 cable companies use a similar configuration, where signals are sent from
the "head end" (cable company office) to remote terminals servicing
approximately SO0 homes. At the terminals, the signal is converted from
optical to electrical waves for transmission over coaxial cable to individual
subscribers. In both cases the remote terminal uses power provided by the

20  local utility to carry the signal from the terminal to the subscriber, since
hiber optic cable cannot carry electricity. To support the terminal during a
utility outagé, the phone or cable companies install a back-up power supply,

typically an uninterruptible power supply which uses batteries as a power
source.

25

It is desirable to eliminate batteries from these networks because of
their limited life, poor reliability, and high maintenance requirements.
These unfavorable attributes translate to high operating cost. Although
commonly used valve-regulated lead acid batteries are referred to as

30 "maintenance free," the batteries need continuous on-site momtoring and

maintenance. The performance and life of batteries is temperature

[ -
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dependent. Heat degradation occurs above 77°

F (for ev 3l
above 77° | 1y 15°F increase
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U.S. 4,620,752 describes a magnetic bearing having position
stabilization of a supported body which includes damping and aligning
arrangement. An application of the magnetic bearing is illustrated showing'
a magnetic bearing system for a flywheel. This system re'quires combining

two control coils with two rotating permanent magnets for each bearing.

It can be appreciated that new and improved magnetic levitation
filywheel systems are desired, in particular, for back-up power supply

systems to provide uninterruptible power supplies.

SUMMARY OF THE INVENTION

In accord with the present invention an uninterruptible power supply
system 1s provided having a magnetic levitation flywheel module. The
flywheel module comprises a flywheel rotor contained in a vacuum housing.
The flywheel rotor 1s attached to a hub that is suspended from the housing
by a frictionless axial magnetic bearing. Also, suspended by the magnetic

bearing 1s the rotor of a permanent magnet motor/generator.

In accord with the present invention, a backup power supply
comprises a controller and a flywheel module. The controller is configured
to provide imtial charge up of the flywheel to bring it up to standby speed, to
keep the flywheel speed within a predetermined range at standby, to provide

a predetermuned voltage to the system for uninterrupted power supply, and

to monitor the status of the flywheel module.

The flywheel module comprises a vacuum housing. In the housing is

a flywheel and a motor/generator. The flywheel rotor and the
motor/generator rotor are mounted on a common shaft and an active axial
magnetic bearing being located to support the shaft for frictionless rotation.
The bearing provides support, or axial lift, for the shaft, the flywheel and
the motor/generator. The axial magnetic bearing is attached to the housing

and provides, in combination with the motor/generator rotor, a flux path

and magnetic field that provides a magnetic force to lift the motor/generator
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rotor and the shaft on which it is mounted.

its steady state rotational Speed, drawing a nomina] load from the bus.

delivery to the bus.

The flywheel Cnergy storage system (F ESS) of the present Invention
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can provide a "plug for plug" replacement for batteries in

telecommunications remote powering applications such as vaults, huts and
cabinets.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevational view, partly in cross-section, of a flywheel

module in accord with one embodiment of the present invention.

FIG. 2 is a block diagram Hlustrating the operation of an axial

magnetic bearing in a flywheel device in accord with one embodiment of the
present invention.

FIG. 3 is an elevational view of a flywheel module in accord with a

preterred embodiment of the present invention.

FIG. 4 is a partial cross sectional view Ulustrating further detail of the

motor/generator assembly, top end radial magnetic bearing and damping

system of the flywheel module illustrated in FIG. 3.

FIG. 5 is a cross sectional view llustrating further detail of the top
end damping system for the flywheel module illustrated in FIG. 3.

FIG. 6A is a plan view of an alternative damper for the flywheel
module illustrated in FIG. 3.

FIG. 6B is a cross sectional side view of the alternative damper for the
fiywheel module illustrated in FIG. 6A.

FIG. 7 is a cross sectional view in further detail of the bottom end

radial magnetic bearing and damping system for the fiywheel module
lllustrated in FIG. 3.

FIG. 8 is a block diagram illustrating a control system for a flywheel
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module of the present invention.

Is a state transition diagram for a controller for a flywheel
module of the present Invention.
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top cover 146 and bottom cover 147 surrounds the flywheel rotor 115. The
flywheel rotor is mounted on a cylindrical support tube 116, which in tumn
1s mounted on the vertical shaft 118. At the top of the cylindrical support
tube 116 is positioned the motor/generator 180, a portion of which is

conveniently used to mount the cylindrical support tube at its top end on

‘the shaft.

The motor/generator assembly 180 is illustrated In further detail in
FIG. 4. The motor/generator rotor is provided in two parts; an outer rotor
cup 182 and an inner rotor cup 184, both of which are preferably made of
iron and mounted on shaft 118 and which act as the return flux path for
radially polarized permanent magnet pole pieces 187,188. The stator 190 is
configured with a L-shaped cross section and 1s fixedly mounted to the top

cover 146. The outer rotor cup 182 is configured at its top end to receive
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>  ferromagnetic core member 124 and sandwiched between the Inner core
member and an outer terromagnetic flux member 125. The inner rotor cup
184 is made also of terromagnetic material. Thus, when a current is
applied to the coil 121, a Inagneuc flux path is established through the
Inner ferromagnetic core member 124, the outer ferromagnetic flux member
10

25 mounted touchdown button 161. A s
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the shaft 118. Inside the cup wall is fixed an axially polarized permanent
magnet 155, which is held by suitable means such as epoxy. A second
axially polarized permanent magnet 156 is fixedly mounted above the
magnet 155. Both are polarized so the magnets attract, ;ﬁroviding passive
axial support for a portion of the weight of the rotor, preferably at least
about 70%. The magnets in axial attraction also provide radial stabilization
for the shaft 118. The permanent magnets 155,156 can be multiple annular

rings of permanent magnet material.

providing a radial touchdown bearing is held in the plate member 131 by

pins 159. O-rings 132,133 provide a seal for the annular space between the
cylindrical sleeve 135 and the bore wall. A ball bearing 136 is mounted

withun the sleeve to receive the top end of shaft 118. A chamber 140 is
located 1n the plate member 131 in proximity to the central bore. A bore
hole 141 communicates between the chamber 140 and the annular space
between the cylindrical sleeve 135 and the bore wall. The chamber and
annular space are filled with a damping fluid to damp radial vibration at the
end of the shaft 118. In the chamber 140 is a plug 139 which exerts
pressure on the damping fluid due to spring 138. The spring is held in
place by damper cover 137. The plug 139 has o-rings 143,144 to provide a
seal with the chamber wall. To provide damping fluid uniformly around
sleeve 135, one or more additional bores 148 are used as fluid reservoirs

and communicate through bore holes 149 to the annular space.

As an alternative, an elastomeric damper 200 can also be used to
dampen radial vibration at the end of the shaft (see FIGs. 6A-6B). The
elastomeric damper 200 is an annular ring of elastomeric material
preferably between two rings 201,202 made of a non magnetic, hard
matenial as shown in FIGs. 6A-6B. The sleeve 135 is positioned in the

center hole 204 and the damper is fixedly mounted within the plate member

TR RS TRAR, el hpid AR L et v s L .
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The general operation of the active magnetic axial bearing can be

described as follows (see FIG. 2). The magnetic bearing is a position control

force on the mass results in a displacement which is sensed using an axial
position sensor. The sensed position, represented as a voltage, is compared
to a reference position and the error is fed to the loop compensation which

calculates the force to be commanded from the actuator and sends the

achieve greater than 96% efficiency when averaged over a complete

charge/discharge cycle.

The control system is described with reference to Figure 8. The DC
bus of the flywheel module and control in accord with the present invention
can be connected to the battery terminals of a conventional standby power
control unit such as, for example, the Alpha Technology model XM 6015

power supply unit. The electronics for the flywheel is conveniently packaged

as an electronics module. The heart of the electronics is the pulse-width

modulated ("PWM") inverter which performs bi-directional power conversion

Mt 44 LA i v, im0 kg hsvs oy —-—-W“m
DT rmanm e e v e A I £




10

15

20

25

30

WO 98/43341

A diagram for position sensing by the self-

CA 02284655 1999-09-20

PCT/US98/05278




10

15

20

25

30

CA 02284655 1999-09-20

WO 98/43341 PCT/US98/05278

~-13-

are provided to monitor the balance and to a fault detection circuit for

shutdown if the imbalance exceeds a predetermined level.

A typical state transition diagram is illustrated in FIG. 11. When the
system is turned on, a self test mode is initiated. If the self test passes, the
system goes into a shutdown state. If the self test fails, the controller
transitions to a faulted state. If, while in the faulted state, the system is
enabled, it transitions back to the self test state. When in the shutdown
state, two transitions are possible. If a fault is detected, a transition is made
to the faulted state. If the system is enabled and UPS Input power is on
(1.e., trying to charge the flywheel), the System goes to the charge state. In

the transition to the charge state, integrators are cleared and the gate

dnivers are turned on.

When in any state, if a fault is detected, the ¢ontroller transitions to

the faulted state and the gate drivers are turned off

When in the charge state, if the flywheel speed is greater or equal to
the maximum speed or if the system is disabled, a transition is made to

standby state. When in standby state, the speed 1s maintained in its

minimum or when the system is disabled.

The flywheel module of the present invention can be used in a

configuration with a plurality of flywheel modules connected in parallel that
will share the load. This configuration can be controlled to automatically

share the load, preferably by using a control technique that does not require
designating master and slave units.

During the discharge mode, the DC output current is preferably
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electronucally limited to a safe overload value. The controller also preferably
employs both DC overvoltage protection and flywheel overspeed protection
as well as motor phase overcurrent protection, any of which will remove the
gate drive signals from the inverter output transistors. This action enables

the flywheel to coast to a stop. Preferably, a discharge resistor is used to

stop the flywheel more quickly.

The controller is preferably configured as a separate unit or module

so that it can be placed at a location different from the flywheel module.

In a typical in-ground installation, the flywheel module is connected
to the system electronics which are installed, for example, 1n the pedestal
along with the users equipment. The site typically is prepared by excavating
a hole into which a precast, concrete sleeve is placed and backfilled. The
support tube of the flywheel module slides inside the sleeve and connection
1s made to the electronics via an underground cable. A steel cover is then
bolted and locked to the concrete sleeve. The containment preferably
should be designed to ensure that failure of the flywheel or any other

rotating components will be completely contained inside the concrete sleeve.

Thé controller preferably contains three commutation sensors which
also function as redundant speed sensors, a synchronous motor which
cannot produce predictive torque unless it is exactly excited at the
frequency and phase angle of its rotation, and an overspeed shutdown
method which together make an overspeed occurrence highly improbable. If
the flywheel speed exceeds 105% of rated value, the gate drive signals
preferably are removed from the inverter transistors Instantaneously

removing power to the flywheel. This action enables the flywheel to coast to
a stop.

Preferably, information is obtained to at all times know the state of
health of the FESS under all operating conditions. Delamination is by far

the predominant wheel failure mechanism, and its onset is detectable
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through balance sensors, which can have the capability of detecting radial
position to a high degree of resolution. Balance shifts which are outside the
capability of the magnetic bearings to handle will result in a touchdown of
the shaft onto the backup bearings. Backup bearings are designed to

withstand several such events without failure and are designed to bring the

flywheel to a stop 1n response to such an event.

The controller preferably will shutdown the unit if one of the following
parameters exceeds predetermined himits: speed, balance, output voltage,
output current or temperature. In addition, it 1s preferred that no single
point failure will result in over-speed or over-voltage. Finally, failure of

power circuitry components preferably should not result in subsequent

fallure of any control circuitry.

The controller also preferably has built-in self-test capability such
that it will isolate the failed circuit to the board level and will indicate the
failed board via an LED. The LED panel preferably will also indicate the
following conditions locally and the system can be equipped with a standard
communications interface enabling transmittal of information to remote
monitoring sites:

1. DC input status (DC 1s within limits)

2. Output voltage status (voltage and current are within
limit)

3. Inverter output frequency status (within operating

values)

4. Flywheel speed (within operating values)

S. Output current-limit (power processing unit is in
current-limit)

6. Available energy (greater than 1/2 full)

7. Windage loss (within operating values)

8. Flywheel module temperature (within operating limits)

9. Over-voltage and over-speed shutdown indication
10.  Output disconnected

———— . e et
e e e e ——. —————EERAGAINAS A L i -
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11.  Flywheel balance (within operating limits).

In addition, the controller preferably can support remote monitoring
of the value of any combination of the following parameters through the
same port: Number of charge/discharge cycles with depth and duration:
Standby power; State of balance; Bus voltage; Output current;

Temperature; Speed; and Senal number.

The flywheel acts as an electromechanical battery to efficiently store
and release energy. The motor/generator draws power from the electrical
bus to charge (spin-up) the ﬂywheel rotor to its operating speed. The
flywheel spins in its steady- state speed range on frictionless magnetic
bearings drawing a minimal load from the bus. When called upon to provide
standby power, the flywheel electric machine transitions from a motor into a
generator to draw the kineticly stored energy from the flywheel to deliver
uninterruptible power. The flywheel module is installed in a specially
designed in-ground vault to insure safe operation, and it is connected via an
underground cable to the flywheel electronics module that is located inside

the exasting pole-mounted power supply or electronics cabinet. Because the

flywheel i1s designed as a "plug for plug" battery replacement, the flywheel
electronics module preferably interfaces directly to the battery terminals of

the power supply.

The invention has been described in detail with reference to preferred
embodiments thereof. However, it will be appreciated that, upon
consideration of the present specification and drawings, those skilled in the

art may make modifications and improvements within the spirit and scope

of this invention as defined by the claims.

T ST T
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We claim:

1. A power supply device for providing uninterrupted power for a
period of time, the power supply device comprising a controller and a
fiywheel device, the flywheel device comprising: a housing containing a
flywheel rotor and a motor/generator comprising a motor/generator rotor,
the flywheel rotor and the motor/generator rotor bemng mounted on a
common shaft, an active axial magnetic bearing being located to support the
shaft for frictionless rotation, the bearing providing support for the shaft.
the flywheel rotor and motor/generator rotor, the axial magnetic bearing
bemg attached to the housing and providing, in combination with the
motor/generator rotor, a flux path and magnetic field tending to lift the

motor/generator rotor and the shaft on which it is mounted.

2. The power supply device of claim 1, wherein the housing
contains a vacuum.

3. The power supply device of claim 1, wherein the

motor/generator is located between the axial magnetic bearing and the

flywheel rotor.

4. The power supply device of claim 1, wherein a passive radial
magnetic bearing is located at one end of the shaft.

S. The power supply device of claim 4, wherein the passive radial
magnetic bearing off-loads about 70% of the weight of the rotor.

6. The power supply device of claim 1, wherein a passive radial
magnetic bearing is located at both ends of the shaft.

7. The power supply device of claim 6, wherein the passive radial
magnetic bearings off-load about 70% of the weight of the rotor.
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9. The power supply device of claim 8, further comprising a radial
touchdown bearing.

10.  The power supply device of claim 9, wherein the radial
touchdown bearing comprises a ring of a polyimide material

1. The power supply device of claim 8, wherein the axially

polarized permanent magnet provides additional axial support for the rotor.

12.  The power supply device of claim 8, wherein the axially

polarized permanent magnet provides axial support for about 70% or more
of the weight of the rotor.

13.  The power supply device of claim 1, wherein the flywheel rotor
has a rim comprising glass or carbon fibers in an epoxy matrix.

14.  The power supply device of claim 1, wherein the

motor/generator is a permanent magnet brushless device.

15.  The power supply device of claim 14, further comprising a
rotating return flux path for the permanent magnet brushless device.

16. The power supply device of claim 14, wherein the
motor/generator has a 4 pole configuration.

17. The power supply device of claim 14, wherein the

motor/generator comprises neodymium boron iron magnets.

18. The power supply device of claim 1, further comprising a
damping device positioned at one end of the shaft, the damping device
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comprising a plate member having a center bore and a sleeve positioned in
the center bore and fitting around the shaft, the plate member having a
chamber for containing a fluid, the chamber communicating with the center
bore by means of a bore hole for fluid passage therebetween, the chamber
containing a spring and a plug, the plug being located between the spring

and the fluid to transfer a force from the spring to the fluid or the fluid to
the spring.

19.  The power supply device of claim 1, further comprising a

damping device positioned at one end of the shaft, the damping device

comprising:

a plate member having a center bore and a sleeve positioned in the
center bore and fitting around the shaft, and

an annular ring of an elastomeric material surrounding the sleeve.

20.  The power supply device of claim 19, wherein the annular ring
has spaces formed within the ring.

21. A flywheel device comprising: a housing containing a flywheel

rotor and a motor/generator comprising a motor/ generator rotor, the

flywheel rotor and the motor/generator rotor being mounted on a common

to the housing and providing, in combination with the motor / generator

rotor, a flux path and magnetic field tending to lift the motor / generator rotor
and the shaft on which it is mounted.

22.  The flywheel device of claim 21, wherein the housing contains
a vacuum.

23.  The flywheel device of claim 21, wherein the motor/generator

1s located between the axial magnetic bearing and the flywheel rotor.
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24.  The flywheel device of claim 21, wherein a passive radial

magnetic bearing is located at one end of the shaft.

25. The flywheel device of claim 24, wherein the passive radial
magnetc bearing off-loads about 70% of the weight of the rotor.

26.  The flywheel device of claim 21, wherein a passive radial
magnetic bearing is located at both ends of the shaft.

27.  The flywheel device of claim 26, wherein the passive radial
magnetc bearing off-loads about 70% of the weight of the rotor.

28. The flywheel device of claim 21, wherein the passive radial

magnetic bearing comprises an axially polarized permanent magnet.

29.  The flywheel device of claim 28, further comprising a radial
touchdown bearing.

30.  The flywheel device of claim 29, wherein the radial touchdown
bearing is a ring comprising a polyimide material.

31. The flywheel device of claim 28, wherein the axially polarized

permanent magnet provides additional axial support for the rotor.

32. The flywheel device of claim 28, wherein the axially polarized

permanent magnet provides axial support for about 70% or more of the
weilght of the rotor.

33. The flywheel device of claim 2 1, wherein the flywheel rotor has

a rim comprising glass or carbon fibers in an €POXy matrix.

34.  The flywheel device of claim 21, wherein the motor/generator
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1s a permanent magnet brushless device.

36.  The flywheel device of claim 34, wherein the motor/generator
has a 4 pole configuration.

37.  The flywheel device of claim 34, wherein the motor/generator
comprises neodymium boron iron magnets.

38.  The flywheel device of claim 23, further comprising a damping
device positioned at one end of the shaft, the damping device comprising a
plate member having a center bore and a sleeve positioned in the center

bore and fitting around the shaft, the plate member having a chamber for

containing a spring and a plug, the plug being located between the spring
and the fluid to transfer a force from the spring to the fluid or the fluid to
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42. The backup power supply of claim 41, comprising a plurality of
flywheel devices connected in parallel.




1999-09-20

02284655

CA

PCT/US98/05278

WO 98/43341

Q
Ty,

@y
/
qu

[[—

-"..‘.'

iy 22,

v HIHHT R
‘l'\ _F_:_:h:\
’

SUBSTITUTE SHEET (RULE 26)




02284655 1999-09-20

CA

PCT/US98/05278

WO 98/43341

2/9

¢ 9l

E 82103 E fuswadndsig

;R1}1dwuy
JAMOod

Papubwwo?)

juaiiny

JOSU3 G
uoj}isod

9210 uojjosuadwo’)

doo)

uojiisod
paINSDay

10149 @ + .

CRITEJETELY.

uoj{isod

SUBSTITUTE SHEET (RULE 26)

.,,-,.,,.‘,“_mw.ﬁ_-. .«



CA 02284655 1999-09-20

bkt PCT/US98/05278
3/9

T
NI AN i

N\

AL

SUBSTITUTE SHEET (RULE 26)

AT - s - .

To e ey vhader WL S TRy - = Y et e e D VPR l'l - rp——



PCT/US98/05278

3341

WO 98/4

.\.\a

"""""'

(S N
s.“ ﬁﬂ\_

t[li'

t\.

_
”‘

W." e U . W

” 'f.....ﬁ.....ﬁ.m

N AN A
S\\m 7 \\\

Y NN .,.,_J/._M ,.

& NN\

2 ] .r,..ill"A..r.l '/ N xb\\\\ et
B S_—— } \ L )

& —Tr N
< - : y_/ uvh

SN irh... Tl Y 3!
'J!V"'A- A"—-
S a

“‘

B‘\\\\m E\E

PR 14

?AV‘M.' m DA N
“ o

I.. —
“\ VeV ‘\‘ ”

Tﬂﬂﬂlﬂ'f"

A VAVAYA VA VA VA VA WA WA . W 4

\‘\\\\n_‘\

F1G.

Wl T LA a A Y t.

TR ) S T T TR

Pl A e 4w e e = 4 -

SUBSTITUTE SHEET (RULE 26)

TR e ST



CA 02284655 1999-09-20

WO 98/43341 PCT/US98/05278
5/9

a4
YV

l

1]

J

NELBN

R

}

€
X
> 7/

N\

CAANNIN N

2\

158 ' 158

205

SUBSTITUTE SHEET (RULE 26)




35 1999-09-20

PCT/US98/05278

WO 98/43341

N\

N NN NN

\

NN
NN

N

Finnsheiid S e il il i ——— e

6/9

Al
Y/

W

A’

N

A U VAN VA V. V. V. V. .

LA

M KN\

N~
|
;

NN

FI1G. 7

T T e — VAP ST B DA fr ARt 1 - = =

N

\= 77,

g

SN
n/AZ

TEZEN

NN

= : S
— O
B AP,

| mM

— - e

=\ e T2t \~
T T o P

YT RNSZln//, 2
NN\ N\ N\

AN IANAN

4
N
".....
A
.A

2

SN~ N OIS,

NN\

NN\

deml | AR X 3R

=1
A A A RN §

NN,

HE

SUBSTITUTE SHEET (RULE 26)

: T = s irtwvrirveibidi b e PR PR A T A S A oy e e

R\

N
,II//

N




02284655 1999-09-20

CA

PCT/US98/05278

WO 98/43341

7/9

jOJju0)
bujinag bow

- buysuag uoyjlsod

OVAA
asoyd ¢

Ja{aAUT
WMd

3 9l

sjoubig iosuag

sjoubis
uojjDNWWOY)

sJjysouboig
-85/ 40} |{UOWN

|04}jU0)
abioy)
/79bipyosiqa

suag
juaiing

ALITNILN

SUBSTITUTE SHEET (RULE 26)

had = Py Lad




WO 98/43341

Axial Gap
Position

Sensor

Radial
Position

Sensor
Top X

TopY

Bottom X

Bottom Y

CA 02284655 1999-09-20

8/9

Reference
Level

b e g

PCT/US98/05278

Coil




CA 02284655 1999-09-20

WO 98/433
41 PCT/US98/05278

Charge State

Standby State

___| Generate Stqgte

- Shutdown State
Selftest State
Faulted State d

F1G. ||




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings

