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(57) Abrege/Abstract:
Provided Is an electrostatic motor, in which a disc-shaped stator (S) and a disc-shaped rotor (R) are opposed to each other in a
vacuum container (11). In the stator (S), first electrodes (34A) and second electrodes (34B), which are attached to electrode
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(57) Abrege(suite)/Abstract(continued):

supports (31, 32), respectively, and which are electrically insulated from each other by an insulator (33), are arranged alternately In
the circumferential direction. In the rotor (R), first electrodes (44A) and second electrodes (44B), which are attached to electrode
supports (41, 42), respectively, and which are electrically insulated from each other by an insulator (43), are arranged alternately In
the circumferential direction. The first electrodes (34A) and the second electrodes (34B) on the side of the stator (S) are arranged
at a spacing of two or more rows at a predetermined distance from the center of a rotating shaft (1). The first electrodes (44A) and
the second electrodes (44B) on the side of the rotor (R) are arranged at a predetermined distance from the center of the rotating
shaft (1) and at an intermediate position between the rows of the first electrodes (34A) and the second electrodes (34B) on the side
of the stator (S). As a result, the electrostatic motor can establish a high electric field in the vacuum so that it can rotationally drive
with a sufficient driving force.
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ABSTRACT

Provided is an electrostatic motor, in which a disc-shaped stator (S) and a
disc-shaped rotor (R) are opposed to each other in a vacuum container (11). In the stator
(), first electrodes (344) and second electrodes (34B), which are attached to electrode
supports (31, 32), respectively, and which are electrically insulated l‘rom. each other by an
msulatox (33), are arranged alternately in the circumferential direction. In the rotor (R),
first electrodes (44A) and second electrodes (44B), which are attached to electrode
supports (41, 42), vespectively, and which are electrically insulated from each other by an
insulator (43), are arranged alternately in the circumnferential divection. The first
electrodes (34A) and the second electrodes (34B) on the side of the stator (8) are arranged
at a spacing of two or more rows at a predetermined distance from the centex of a rotating
shaft (1). The first electrodes (44A) and the second electrodes (44B) on the side of the
rotor (R) are arranged at a predetermined distance from the center of the rotating shaft
(1) and at an intermediate position between the rows of the first electrodes (34A) and the
second electrodes (34B) on the side of the stator (S). As a result, the electrostatic motor
can establish a high electric field in the vacuurm so that it can rotationally drive with a

sufficient driving force.
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DESCRIPTION
ELECTROSTATIC MOTOR

Techmeal Field
The present invention relates to an electrostatic motor that rotationally drives

using electrostatic force, and in particular to an electrostatic motor that rotationally drives

by generating a high electric field in a vacuur.

Background Art

Most conventional electric motors use electromagnetic force generated by a coil
and magnet. Electrostatic motors that rotationally drive using electrostatic force are also
known (e.g., Japanesé, Patent Application Laid-Open No. 8-88984, and Study of Sexrvo
System using Electrostatic Motors written by Akio Yamamoto et al,,
www.intellect.pe.u-tokyo.ac.jp/japanese/dissertation_j/yamamoto.html)

However, conventional electric motors using electromagnetic force generated by a
coil and magnet produce gas i a vacuumn, breaking up the vacnum. In addition, since
conventional electric mofors use magnetic materials, they cannot be operated in strong
magnetic fields.

Conventional electrastatic motors, as described above, also produce gas in 2
vacuum, breakiﬁg up the vacnum. 1In convenﬁmial electrosiatic motors, the electric field
is increased by placing a large number of pairs of electrodes on an insulator so that the
electrodes are closely spaced. However, this method is prone to dielectric breakdown,
creeping discharge, spark discharge, and other concerns. Accordingly, a strong electric
field cannot be gen.erated, and sufficient driving force ¢cannot be produced. Therefore,
practical electrostatic motors have not yct been realized.

Disclosure of the Invention
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The present invention has.been made in view of the foregoing drawbacks.
Accordingly, an object of this invention is te provide an electrostatic motor that generates
a strong electric field in a vacuum so that it can rotationally drive with sufficient driving
force.

Another object of the present invention is to provide an electrostatic motor
designed so as to prevent dielectric breakdown, creeping discharge, spark discharge, and
the like to operate in a strony electric field, and also to be lightweight.

In order to solv;a the foregoing problems, an electrostatic motor according the
present invention has the characteristics described below,

A first aspect of the invention is an electrostatic motor characterized in that a
disc-shaped stator and a disc-shaped rotor are disposed opposite eéch other in a vacuum
container such that the stator is fixed to the main body of the vacuum container and the
rotor 18 pivotally supported on the main body of the vacunm container so as to freely
rotate via a rofating shaft; the stator has first electrodes and second electrodes electrically
insulated by an insulator and attached to electrode supports so as to alternate along the
circumferences of the electrode supports; the rotor has first electrodes and second
electrodes electrically insulated by an insulator and attached to electrode supporés so as to

alternate along the circumferences of the electrode supports; the first and sccond

electrodes on the stator side are each arranged at a spacing of {wo or more rows af a
predetermined distance from the center of the rotating shaft; the first and second
elcctrodes on the rotor side are each arranged at a predetermined distance from the center

of the rotating shafi, and intermediate between the rows of the first and second electyrodes

on the stator side; predetermined electric fields are applied to the first and second

electrodes on the stator side; and
voltages of different polarities are applied to the first and second electrodes on the rotor
side 50 as to be switched according to predetermined timing.

A second aspect of the invention is the electrostatic motor of the first aspect
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deseribed above, characterized in that the first and second electrodes on the stator side

and the first and second electrodes on the rotor side are each pin-shaped and are each

arranged parallel to the axial direction of the rotating shaft.

A third aspect of the invention is the electrostatic motor of the first or second
aspect described above, characterized in that the electrode supports of the first and second
electrodes on the stator side, and the electrode supports of the first and second electrodes
on the rotor side are insulatively supported by the insulators respectively so as to allow
sufficient creepage distance.

A fourth aspect of the invention is the electrostatic motor of any one of the first to
third aspects described above, characterized in that the insu)ators on the stator side and
the rotor side each have one or a plurality of grooves formed thereon.

A fifth aspect of the invention is the electrostatic motor of any one of the st to
fourth aspects described above, characterized in that the ends of the first and second
electrodes on the stator side and the ends of the first and second electrodes on the rotor

side are round in shape.

A sixth aspect of the invention is the electrostatic motor of any one of the first to
fifth aspects described above, characterized i.n that stainless steel is used for metallic
components disposed in the vacuum container and inorganic .insul ator is used as insulating
components.

A seventh aspect of the invention is the electrostatic motor of any one of the first

to sigth aspects described above, characterized in that a nonmagpetic material is used as

the metallic components disposed in the vacuum container.

An eighth aspect of the invention is the electrostatic motor of any one of the first
to seventh aspects described above, comprising an encoder including a slit plate and a
sensor that detect the relative position between the first and second electrodes on the stator

side and the first and second electrodes on the rotor side.

A ninth aspect of the invention is the electrostatic motor of any one of the first to
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eighth aspects described above, characterized in that a gas-absorbing material is deposited
on conponents disposed in the vacuum contarner,

~ The present invention adopts the foregoing configuration m which the first and
second elecirodes attached to the clectrode supports of the stator and the rotor are located
within the vacummn. Accordingly, unlike a conventional electrostatic motor in which
groups of electrodes are supported by an insulator or insulators, the present invention
prevents dielectric breakdown even if there is a strong electric field between the electrodes.
This results in output as high as or higher th.an that obtained by an electromagnetic motor.
Accordingly, an electrostatic niotor that generates a strong electric field in the vacuum
such that it can rotationally drive with sufficient driving force cam be provided. An
electrostatic motor that can drive in a high, clean vacuum is applicable, for example, in
senijconduactor manufacturing apparateses. In ﬁddition, the elcctrostatic motor is free
from wind age Joss, thus offering improved efficiency. Moreover, an electrostatic motor
that drives in a strong electric field generated between the electrodes allows practical
applications including small or large motors, and achieves high output and weight
reduction.

In the present invention, the electrode supports are insulatively supported and

grooves are formed in the insulator, allowing sufficient distance {or creepage.

Accordingly, an electrostatic motor effectively prevents dielectric breakdown, creeping

discharge, spark discharge, and other concerns, and generates a strong electric field.
Additionally, in the electrostatic motor according to the present mvention, a

stainless steel etc. or an inorganic insalatoxr that produce less residual gas, such as

porcelain or glass, are used as components. Therefore, the electrostatic motor car be

used in the clean vacuum. Further, using a nonmagnetic material as a metallic
components resulis in a nonmagnetic motor, which can be used in a strong magnetic field.
Furthermore, the electrostatic motor according to the present invention uses no

heavy magnetic materials as metallic components and is therefore lighter in weight than
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conventional ones.

There 1s further provided, 1in accordance with the
present 1nvention, an electrostatic motor compriéing: a
container having a malin body; a stator which 1g fixed to the
mailn body in the container; and a rotor which 1is disposed
opposite to the stator in the container, and which is
pivotally supported so as to freely rotate via a rotating
shaft, wherein the stator has first electrodes attached to a
first electrode support and seccend electrodes attached to a
second electrode support, the first electrode support and the
second electrode support are fixed to a first insulator so as
to extend from the first insulator 1n a radial outward
direction of the rotor at an outer side of the first

insulator, the first electrodes and the second electrodes are

electrically 1nsulated, the rotor has third electrodes
attached to a third electrode support and fourth electrodes
attached to a fourth electrode support, the third electrode
support and the fourth electrode support are fixed to a
second insulator so as to extend from the second insulator in
the radial outward direction of the rotor at an outer side of
the second i1nsulator, and the third electrodes and the fourth
electrodes are electrically insulated, and the third
electrodes and the fourth electrodes are respectively
arranged at different positions from the first electrodes and
the second electrodes in a radial direction of the rotor so
as to be sgspaced apart from the first electrodes and the

second electrodes.

There 1s further provided, 1in accordance with the
present 1nvention, an electrostatic motor comprising: a
container having a main body; a stator which is fixed to the
main body in the container; and a rotor which 1s disposed
opposite to the stator 1in the container, and which 1is
pivotally supported so as to freely zrotate via a rotating
shaft, wherein the stator has first electrodes attached to a
first electrode support and second electrodes attached to a

second electrode support, the first electrode support and the
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second electrode support are fixed to a first insulatdr SO as
to extend in a direction parallel to an axial direction of
the rotating shaft, and the first electrode support 1s at a
radially outer position, with respect to the rotating shaft,
as compared to the second electrode support, the first
electrodes and the second electrodes are electrically
insulated, the rotor has third electrodes attached to a third
electrode support and fourth electrodes attached to a fourth
electrode support, the third electrode support and the fourth
electrode support are fixed to a second 1insulator so as to
extend in the direction parallel to the axial direction of
the rotating shaft and the third electrode support 1s at a
radially outer position, with respect to the rotating shaft,
as compared to the fourth electrode support, and the third
electrodes and the fourth electrodes are electrically
insulated, and the third electrodes and the fourth electrodes
are respectively arranged at different positions from the
first electrodes and the second electrodes in the direction
parallel to the axial direction of the rotating shaft so as
to be spaced apart from the first electrodes and the second

electrodes.

Brief Description of Drawings

FIG. 1 shows a vertical section of an electrostatic
motor according to the first embodiment of the present
invention;

FIG. 2 1s a plan view of a stator 1in the first
embodiment ;

FIG. 3 1s a plan view of a rotor 1n the first
embodiment; _

FIG. 4 1s a partially-detailed schematic view of first
and second electrodes of the stator in the first embodiment;

FIG. 5(A) 1s a development vertical partial view of the

electrode supports and first and second electrodes on the
stator side in the first embodiment;

FIG. 5(B) is a development vertical partial view of the
electrode supports and first and second electrodes on the

rotor side in the first embodiment;

5a
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FIG. 6 illustrates the principle of action of the first
and second electrodes on the stator side and the first and
second electrodes on the rotor side in the first embodiment;

FIG. 7 shows the voltage waveforms of the first and
second electrodes on the rotor side in the first embodiment;

FIG. 8 shows a vertical section of an electrostatic
motoxr according to the second embodiment;

FIG. 9 shows a vertical section of an electrostatic
motor according to the third embodiment;

FIG. 10 shows a vertical section of an electrostatic
motor according to the fourth embodiment, in which first and
second electrodes on the stator side and first and second
electrodes on the rotor side are radially arranged with
respect to the center of a rotating shaft;

FIG. 11 18 a sectional view of the gstator in the fourth

embodiment; and
FIG. 12 18 a sectional view of the rotor in the fourth

embodiment.

5b
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Best Modes for Carrying OQut the Invention

Embodimentis of an electrostatic motor according to the present invention will be
described in detail hereinafter.

F1G. 1 shows a vertical section of an electrostatic motor according to the first
cmbodiment of the present inventi.on. FIG. 2 is a plan view of a stator in the first
embodiment, and F1G. 3 is a plan view of a rotor in the first embodiment. TFIG 4 isa
partially-detailed schematic view of the first and second clectrodes of the .stator in the first

embodiment.

In an electrostatic motor according to the first embodiment, disc-shaped stator S
and disc-shaped rotor R are disposed opposite to each other in vacuum container 11, and
stator S is fixed to the main body of the vacuum container 11. The electrostatic motor in
the first embodiment is opexable in the vacuum of 3Pa or less.

In the electrostatic motor in this embodiment, first electrodes 34A are fixed to

electrode supports 31 on the stafor S side. The first electrodes 34A are arranged in two

rows at a predetermined distance from the center of rotating shaft 1 (i.c., the center of
motor base 10). Similarly, second electrodes 34B are fixed to other elecirode supports 32
on the stator S side, As shown in FIGS. 2 and 4, the first electrodes 34A and the second
electrodes 348 are arranged so as to alternate. The first and second electrades 344, 34B
are disposed along the circumferences of the electrode substrates 31, 32 respectively at
regular Intervais parallel to the rotating shaft 1 such that the first and second electrodes
34A, 34B are radially fixed in two rows. The electrode supports 31, 32 with the first and
second electrodes 34 A, 34B respectively are fixed on an insalator 33, which is mounted on
the motor base 10 (1.e., the main body of the vacuum container 11). The insulator 33
provides sufficient insulating thickness and creepage distance, and has a plarality of
grooves formed to preveﬁt creeping discharge. Here, snfficient insulating thickness
should be equal to or greater than the breakdown voltage of the insulator, and sufficient

creepage distance is several times or more larger than this thickness. The number of
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grooves, groove shape, groove depth, and other characteristics, may be set as needed
according to the size and application of the electrostatic motor,

On the other hand, a first electrode 44A is fixed to each electrode supports 41 on
the rotor R side. These first electrades 44A are arranged in one row at a predetermined
distance from the center of the rotating shaft 1. Also, disposed on each of the other
electrode supports 42, on the rotor R side is a second electrode 44B. As shown in FIG. 3,
the first electrodes 44A and the second electrodes 44B are arranged so as to alternate like
those on the stator S side. The first and second electrodes 44A, 448 are disposed along
the circumferences of the electrode supports 41, 42 respectively at regular intervals
paralle] to the rotating shaft 1 such that the first and seﬁond electrodes 444, 44B are
radially fixed in one row, The electrode supports 41, 42 with the first and second
clectrodes 444, 44B respectively are fixed on an insulator 43, which is mounted on the
rotating shaft 1.  As on the stator S side, the insulator 43 provides sufficient insulating
thickness and creepage distance, ahd has a plurality of grooves formed to prevent creeping
dischﬁrgc. The mumber of grooves, groove shape, groove depth, and other Characteristics
may be set as needed according to the size and application of the electrostatic motor.

As described abeove, the first and second electrodes 44A, 44B on the rotor R side

are fixed on the supporis 41, 42 respectively at regular intervals parallel to the rotating
shaft 1, like the first and second electrodes 34A, 34B on the stator S side. However, as
shown in FIG 1, the positions of the first and second electrodes 44A, 44B on the rotor R
side from the center of the rotating shaft 1 are in the middle of the rows of the first and
second electrodes 34A and 348 on the stator S side so that the rotor R is rotationally
drivable. The first electrode 34A, second electrode 348, first electrode 44A and second
electrode 44B are pin-shaped. It is preferable that the ends of the electrodes are round in
order to prevent discharge between them, The shape of these electrodes, hawever, is not
limited to pin-shape.,

Power is supplied to the electrodes 44A, 44B on the rotor R side through slip
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rings 51, 52 and brushes 61, 62.

An encoder is composed by adopting an pptical system (i.e., a slit plate 7 and a
sensor 8) or a magnelic system (i.e., a magnetic disc and a sensor). In this embodiment,
the former is used. The timing of the supply of power to the first and second electrodes
44 A, 443 on the rotor R side is detected by the sensor 8, and the detected result is
subjected to signal processing by a drive circuit (not shoWn). A high voltage
(approximately 1 to 100kYV) is outputted and supplied to the first and second electrodes
444, 448.

When the electrostatic motor is used in air ar gas, a vacuum seal 9 is attached to

the motor base 10 in order to maintain the vacuum within the electrostatic motor.
The present invention uscs an electrostatic motor that operates in the vacnum.
The present invention, needless to say, functions as an electrostatic motor even in

insulation gas such as SFé gas,

In the description above, the first and second electrodes 34A and 34b respectively
on the stator S stde are arranged in tweo rows, whereas the first and second electrodes 44A.
and 44b respectively on the rotor R side are arranged in one row. However, as described
below, the number of rows is not limited to only one, as two o more rows may also be set,

Additionally, in the first embodiment, stainless stecl or the like that produce less
residual gas may be used as metallic components that are placed in the vacnum container
11 (e.g., the first and second electrodes 34A, 34B, electrode supports 31, 32, first and
second electrodes 44A, 44B, and electrode supports 41, 42).  Also, an inorgamc insulator
such as porcelain or glass, which produces less residual gas, may be used as an insulating
components, The usability of the electrostatic motor in the clean vacoum can thereby be

ensured. It is also effective to deposit a gas absorbing material (i.e., gettering substance),
such as titaniwm, vanadium, tantaluwm, or zirconium, on components tsed in the vacuum

container 11.

In the first embodiment, using a nonmagnetic material as the metallic
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componcits used in the vacnwm container 11 enables a2 nopmagnetic motor that can be
used in a strong magnetic field, Additionally, no heavy magnetic material is used as the
metallic components, thus contributing to weight reduction as well.

The principles of operation of the electrostatic motor according to the first
embodiment, which has the foregoing configuration, will now Ee explained. As shown in
FIG 5(A), by applying a high veltage (approximately 1 to 100 kV) between the electrode
supports 31, 32 on the stator § side, a high electric field (1 to 100kV/mm or so) is generated
~ between the first and second electrodes 344, 34B. .

Since the electrostatic motor is configured so that the first and second electrodes
44A, 44B on the rotor R side freely move along the circumference between the first and
second electrodes 34A, 34B on the stator S side, the first and second electrodes 44B, 44A
are positively and negatively charged respectively by applying a high positive voltage (1 to
100KV or so} to the electrode supports 42, In terms of charge timing, the direction of
thrust (i.e., rotating force) is, for example, determined by where the electrodes 448 on the
rotor R side are located relative to the second electrodes 34B on the stator S side.
Therefore, the magnitude and time of the voltage greatly affect the magnitude of the thrust
(rotating force),

F1Gx 6 illustrates the principle of the action of the electrostatic motor by showing
only the first and second electrodes 34A, 34B on the stator S side and the first and second
electrodes 44A, 44B on the rotor R side. For instance, when each of the second electrodes
44B on the rotor R side has reached a location (i.e., lacation X1) that is slightly to the right
of the location X0 of the second electrode 34B on the stator S side, a positive potential is
applied to the second ¢clectrode 44B. Thereby, repulsion force occurs between the second

electrodes 34B and the second electrode 448, whereas attractive force occurs between the

first electrodes 34A and the second electrode 44B. Consequently, the rotor R cohnected

to the first and second electrodes 44A, 44B is subject to a driving force toward the right

and moves accordingly.
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The voltage of each of the second electrodes 448 switches to a location (1.e.,
location X2) that is irmmmediately before first electrodes 34A.  Second electrode 441
repeats this switching operafion each time the positional timing of the second electrode
448 is detected by the signal of the encoder sensor 8.

FIG. 7 shows the voltage waveforms of the first and second electrodes 44A, 4453
on the rotor R side (wherein TO represents the time at location X0, and T1 and T2
represent times at locations X1 and X2 respectively).

Next, an e]ectrostatic motor according to the second embodiment of the present
invention will be described.

[1G. 8 shows a vertical section of an electrostatic motor according to the second

embodiment. In FIG §, elements identical to those in the lastrations of the first
embodiment are labeled with the same symbols and duplicate explanation of these
clements 1s avoided,

In the second ernbodiment, three rows of first electrodes 34A and three rows of
second electrodes 34B are disposed along the circumferences of electrode supports 31, 32
respectively, on the stator S side, Similarly, two rows of first electrodes 44A and two rows
of second electrodes 44B are disposed along the circumferences of electrode supports 41,
42 respectively. In the second embeodiment, an electrostatic motor with a high output is
produced by increasing the number of electrodes.

Next, an electrostatic motor according to the third embodiment of the present
invention will be described.

F1G. 2 shows a vertical section of the electrostatic motor according to the third
embodiment, In FI(G 9, elements identical to those in the illustrations of the first
embodiment are labeled with the same symbols and duplicaté explanation of these
elements is avoided. The encoder, the slip rings, and the brushes are not shown.

In the first and second embodiments, lirnitations resulting from a cantilever

structure impede any unnecessary increase in electrode length. In the third embodiment,

10
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first electrodes 44A are extended from both sides of each of electrode supports 41 on the
rotor R side, and second electrodes 44B are also extended trom both sides of each of
electrode supports 42 on the rotor R side. This allows an output that is twice as high as
that of an electrostatic motor with cantilever structured electrodes in the first embodiment.
In addition, the first and second electrodes 34A, 348 may be extended from both sides of
the electrode supports 31 and 32, respectively, on the stator S side, and the rotors R and
stators S may he stacked in more than one stage in an axial direction,

Next, an electrostatic motor according to the fourth embodiment of the present
invéntion will be described.

FIG. 10 shows a vertical section of the electrostatic motor according to the fourth
emhbodiment, ir which first and second clectrodes on the stator side and first and second
¢lectrodes on the rofor side are radially arranged with respect to the center of the rotating
shaft. FIGS. 11, 12 show vertical section of the stator and rotor, respectively, according to
the fourth embodiment, Also in FIGS. 10 to 12, elements identical to those in
ilustrations of the first ernbodiment are labeled with the same symbols and duplicate
explanation of these elements is avoided. The encoder, the slip rings, and the brushes are
not shown.

‘However, in the fourth embodiment, the positional relations between the
electrode supports 31, 32, insulator 33, first and second electrodes 34A, 348 on the stator S
side, and the electrode supports 41, 42, insulator 43, and first and second electrodes 44A,
448 on the rotor R side, differ from those in the first to third embodiments.

I the fourth embodiment, first electrodes 44A are passed through the
comparatively Iarge holes of a pipe-like electrode support 41, then firmly inserted, toward
the axis, into the pipe-like electrode support 42 with many holes, and thus fixed in position.
Second electrodes 44B are fixed to the electrode support 41.  Similarly, first and second
electrodes 34A, 34B are fixed to the electrode supports 31, 32, respectively, along the axis.

The electrode snpports 31, 32 are fixed to a motor base 10 or the body of a vacunm

11
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container 11 via the insulator 33. The electrode supports 41, 42 are connected to a
rotating body 12 and a rotating shaft 1 via an insulator 43.

The configuration in the fourth embodiment ensures effects as excellent as those

in the first to third embodiments.

12
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CLAIMS:

1. An electrostatic motor comprising:

a contalner having a main body;

a stator which 1s fixed to the main body 1n the
contaliner; and

a rotor which is disposed opposite to the stator 1n
the containexr, and which 1s pivotally supported so as to
freely rotate via a rotating shaft,

wherein the stator has first electrodes attached to
a first electrode support and second electrodes attached
to a second electrode support,

the first electrode support and the second electrode
support are fixed to a first insulator so as to extend

from the first insulatory in a radial outward direction ot

the rotor at an outer side of the first insulator,
th

electrically i1nsulated,

e filrst electrodes and the second electrodes are

vl

the rotor has third electrodeg attached to a third

electrode support and fourth electrodes attached to a

fourth electrode support,

the third electrode support and the fourth electrode
support are fixed to a second insulator so as to extend
from the second insulator 1n the radial outward direction
of the rotor at an outer side of the second insulator,
and

the third electrodes and the fourth electrodes are
electrically insulated, and the third electrodes and the
fourth electrodes are respectively arranged at different
positions from the first electrodes and the second

electrodes 1n a radial direction of the rotor so ag to be

spaced apart from the filirst electrodes and the second

electrodes.

2. The electrostatic motor according to claim 1,

wherein the first electrodes and the second electrodes

are each arranged 1n two or more rows, and

13
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the third electrodes and the fourth electrodes are
each arranged intermediately between the rows of the

first electrodes and the second electrodes.

3. The electrostatic motor according to claim 1 or 2,
wherein predetermined electric fields are applied between
the first electrodes and the second electrodes, and

voltages of different polarities are applied to the
third electrodes and the fourth electrodes so as to be

switched at a predetermined timing.

4. The electrostatic motor according to any one of
claims 1 to 3, wherein the first electrodes, the second
electrodes, the third electrodes and the fourth
electrodes are each rod-shaped and protrude in a
direction parallel to an axial direction of the rotating
shaft.

5. The electrostatic motor according to any one of
claims 1 to 4, wherein the first electrodes, the second
electrodes, the third electrodes and the fourth

electrodes have round ends.

6. The electrostatic motor according to any one of
claims 1 to 5, wherein the first electrode support and

the second electrode support are supported by the first
insulator, and |
at least one groove is formed on an outer periphery

of the first insulator.

7. The electrostatic motor according to any one of

claims 1 to 6, wherein the third electrode support and
the fourth electrode support are supported by the second
insulator, and

at least one groove is formed on an outer periphery

of the second i1insulator.

14
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8. The electrostatic motor according to any one of

claims 1 to 7, further comprising:

another stator arranged i1n the container.

9. The electrostatic motor according to claim 8,
wherein the rotor 1is arranged between the stator and the

othexr stator.

10. The electrostatic motoxr according to any one of
claims claim 1 to 9, further comprising:

another rotor arranged 1n the container.

11. An electrostatic motor comprising:

a container having a main body;

a stator which 1s fixed to the main body in the
container; and

a rotor which is disposed opposite to the stator in
the contalner, and which is pivotally supported so as to
freely rotate via a rotating shaft,

wherein the stator has first electrodes attéched to
a first electrode support and second electrodes attached
to a second electrode support,

the first electrode support and the second electrode
support are fixed to a first insulator so as to extend in
a direction parallel to an axial direction of the
rotating shaft, and the first electrode support is at a
radlally outer position, with respect to the rotating
shaft, as compared to the second electrode support,

the first electrodes and the second electrodes are
electrically insulated,

the rotor has third electrodes attached to a third

electrode support and fourth electrodes attached to a

fourth electrode support,

the third electrode support and the fourth electrode

support are fixed to a second insulator so as to extend

1n the direction parallel to the axial direction of the

rotating shaft and the third electrode support is at a

15
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radially outer position, with respect to the rotating
shaft, as compared to the fourth electrode support, and
the third electrodes and the fourth electrodes are
electrically insulated, and the third electrodes and the
fourth electrodes are respectively arranged at different
positions from the first electrodes and the second
electrodes in the direction parallel to the axial
direction of the rotating shaft so as to be spaced apart

from the first electrodes and the second electrodes.

12. The electrostatic motor according to claim 11,

wherein the first electrodes and the second electrodes

are each arranged in two Oor more rows, and

the third electrodes and the fourth electrodes are
each arranged intermediately between the rows of the

fixrst electrodes and the second electrodes.

13. The electrostatic motor according to c¢laim 11 or
12, wherein predetermined electric fields are applied
between the first electrodes and the second electrodes,
and |

voltages of different polarities are applied to the
third electrodes and the fourth electrodes so as to be

switched at a predetermined timing.

14. The electrostatic motor according to any one of
claims 11 to 13, wherein the first electrodes, the second
electrodes, the third electrodes and the fourth
electrodes are each rod-shaped and protrude in a radial

direction of the rotor.

15. The electrostatic motor according to claim 14,
wherein the first electrodes protrude toward the rotor

through holes which are formed in the second electrode

SuUpporc.

16. The electrostatic motor according to claim 14 orx

16
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15, wherein the fourth electrodes protrude toward the
stator through holes which are formed in the third

electrode support.

177



CA 02656897 2008-12-15

1/7
FIG. 1
34A 444
s / s 41
31 P/ Z
v A7
32 o 14 ST s
3 :
3 7 7 ‘ 43
10 paes 1]
X
/// SIS TE & 17
N\
} R
5 b TN N
7 57
z &2
S \
2




CA 02656897 2008-12-15

FIG. 3

F1G. 4

)
)




CA 02656897 2008-12-15
37

FIG. 5
S48 A 3D
—_ /
— / ,
o ;§; ® ®| [O]
ES © '@J l ] .@‘ O {

| MOVEMENT TIMING OF ELECTRODE 44B
FUM RELATIVE TO ELCTRODE 34B

ROTOR



CA 02656897 2008-12-15
457
J4A  44A

y

Iy

FIG. 8

12
R
2

+ < B <+ =

5
Ay
51

DN NNINASN X AN X Y AL Ll L

!
=
‘

lllll

v
(77

\

L,

L

e il 20

’{/

“la“‘!m

T
ITNREA

nY

\ us w!...rfff,_r#.. ...

RN rnﬁ.ﬁ? N ._,..“ \h.\\.g.s‘\ >



FIG. 9

37
32
33

10

CA 02656897 2008-12-15
5/7

11 34A 444 34A

TS L S ALY

INE=SNE=0\7
7
///// \\\
N
NN N

I 7
NS AN

A

SONN NN N\

34B 44B 42 471 348

3]
37

33

43

12

10



&/ 7
CA 02656897 2008-12-15

FIG. 10

====is§=.is==s.;-"a=='-=a=-§:-:asp

' ’ﬁ%mmm g
348
“l |b-
@ lemqm AD
:a.s’:.:‘.':::!!!m.sr.::: .-.;. |

43
10

12
R

448

...........................



7
717

FIG. 12




52
A B

1
12

9z
67

51



	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 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - abstract drawing

