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The present invention relates to electrostatic machines
constructed with a conveyor member for conveying the
electrostatic charges, this conveyor member being made
of an insulating material and being rotatably or otherwise
mounted for relative movement with respect to con-
ductive electrodes. The conveyor and electrodes are dis-
posed in a medium having a high dielectric strength,
such ‘as a pressurized gas, the electric charges being first
deposited on the conveyor by an elemenft which causes
ionization of the dielectric medium and thereafter being
collected by a charge collecting element for delivery to
the machine terminal.

A number of such machmes have been proposed and

some ‘have been constructed heretofore but their low
power and poor efficiency have not been favorable to
their industrial utilization.

An object of the present invention is to provide an
electrostatic machine of the above type having a high
power per unit of volume and weight and to this end the
invention preferably provides -a cylmdrical arrangement
of rotatable and fixed parts.

Another object of the invention is to provide an

electrostatic machine which is simple to build and con-'

szquently of low cost. -

Still another object of the invention is to pmwde an
electrostatic machine -dispensing with frictional contact
of conductive parts, such as contact between brushes and
collectors, which are subject to wear and which cause the
production of conductive dust whlch may lead to leakage
currents or to short circuits.

A further object of the invention is to provide machines
of the above mentioned type in which a high voltage,
that 1s, a large increase in potential of the charges carried
oy the conveyor, may be secured in the movement of this
conveyor between the position in which the charges are
deposited thereon and the position 1n which the charges

are collected from the conveyor and delwered to a ter-

minal of the machine.

A still farther object of the invention is to provide in a
machine of the type referred to for a considerable reduc-
tion of losses due to friction of the members moving in a
dielectric fluid and due to turbulence developed 111 this
fluid.

In order to achieve these objects an electrostatic
machine according to the invention comprises funda-
mentally at least one conveyor member of insulating or
dielectric material capable of withstanding a high electric

flux density, this conveyor having two parallel faces pro-

viding even, regular surfaces and being supported in rela-
tion to a conductive electrode for movement of one
relative to-the other in the direction parallel to the ‘faces
of the conveyor. The conveyor i1s of such form and
disposition that successive adjacent portions thereof are
moved into and out of face to face relation to each
electrode in succession of at least ‘a pair of electrodes
disposed at the same face of the conveyor. Each of the

electrodes of the pair has a surface substanually parallel
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with the faces of the conveyor when in face to face rela-

tion thereto, each electrode also having a substantial

extent of this surface perpendicular to the direction of

relative movement of the conveyor and the electrode with
respect to each other. One of the electrodes of the palr
which may be. called the input inductor electrode is

¢lectrically connected to a terminal of an auxiliary source

of direct current voltage while the other electrode of the
pair which may be called the screen or the output in-
ductor electrode is connected with a terminal of the
machine which will be referred to as the output terminal.
The other terminal of the auxiliary source is connected
to the input terminal of the machine.

Cooperating with the conveyor and the electrodes are
two ionizing elements which act to ionize the dielectric
fiuid. One of these ionizing elements will be referred
to as the input ionizer and serves to deposit the charges
on the conveyor surface. The other ionizing clement acts
as o collector of the electric charges conveyed by the
convevor. - These ionizers are formed as thin elongated
members extending perpendicular to the direction of
relative movement of the conveyor and the inductor
electrodes. They are disposed at the opposite face of
the conveyor from the inductor electrodes and parallel
to this other face and as close as possible thereto. The

‘input ionizer and the output ionizer respectively are also

disposed opposite the input and output inductor elec-
trodes. The input and output ionizers respectively are
connected to the input and ocutput terminals of the
machine.

The difference of potential whmh is maintained be-
tween the input ionizer and the input inductor by the
above mentioned auxiliary source develops an electric
field in the space between the ionizer and the conveyor.
It will be understood that the conveyor is moved in the
direction generally transverse to the lines of force of the
clectric field. The extent of the conveyor is continuous
in the direction of the relative movement thereof with

respect to the electrodes and its active surfaces are con-
tmucmsly moved through this field. The input ionization

clement is of such form that the surface thereof facing the
convevyor is restricted and a high concentration of the
electric field thereon is produced. The gaseous di-
electric medium in which this input ionizer and the con-
veyor are disposed is ionized along the length of this
ionizer in the space between the iounizer and the adjacent
surface of the conveyor member. The ionization which
thus takes place causes ions carrying electric charges to
m1grate to the adjacent face of the conveyor upon which
these ions are carried forward in the movement of the
conveyor relative to the electrodes toward the posumn of
the output inductor electrode which is disposed in spaced
relation to the input inductor electrode along the con-
veyor surface. The output ionizer collects the charges
which are then conducted to the output terminal of the
machine through a suitable inductor.

The ionizers both provide a surface of small radius
facing the conveyor, such as may be provided by wires or
preferably by thin blades dlsposed edgewise to the face
of the conveyor. These wires or blades have their length
extending transversely of the direction of relative move-
ment of the conveyor with respect to the inductor elec-
trodes. The lonizers both are disposed as close as pos-
sible to the adjacent face of the conveyor while avoiding
contact therewith. In the relative movement of the con-
veyor and the ionizers the potential of the charges carried

by the ions which are transported by the conveyor at its

surface is increased from the potential at the input 1onizer
to the potential of the output terminal.

It is a feature of the invention that at the face of the
conveyor at which the inductor electrodes are - d15posed
and in closely spaced relation to this face of the conveyor
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a body is disposed extending between the two inductor
electrodes and in contact therewith, The material of
which this body is made must have a sufficiently high re-
sistivity to prevent undue leakage current flowing be-
tween the two inductor electrodes, these inductors as
above stated being at different potentials. A material
having a resistivity of not substantially less than 1010
ohms per cm. per cm.2? serves to control the gradient of
the potential difference between these electrodes, that is,
the tangential field along the surface of the conveyor.

In one aspect in accordance with this feature of the in-
vention a homogeneous slightly conductive material, for
example, one having a resistivity substantially in the
range between 1010 and 10%3 ohms per cm. per cm.2 may
be used which will allow a slight flow of current to take
place between the two inductor electrodes which will
make it possible to control the gradient of potential be-
tween the two inductor electrodes.

Taking into account the potential difference to be
established in a particular case between the two induc-
tor electrodes, the resistivity of the material of the inter-
posed body and the thickness thereof perpendicular to the
face of the conveyor may be selected so that a smooth
gradient of potential in the direction generally parallel
to the movement of the conveyor may be secured. A
substantially constant gradient may be secured in this
manner, if desired, by suitable disposition and thickness
~ of the material of this body.

This body of slightly conductive material should pro-
vide an even regular surface adjacent the conveyor sur-
face. The thickness and disposition of the slightly con-
“ductive material in the region adjacent the conductive in-
ductor electrodes may be such that there takes place in
the zones which are adjacent the edges of the electrodes
and which extend transversely of the conveyor move-
ment a gradual rather than abrupt change of potential
from the zone of constant potential at the one inductor
electrode to the zone of potential varying along the
slightly conductive material in the direction toward the
other inductor electrode.

In another aspect of this feature of the invention re-
lating to the control of the tangential field or gradient a
material may be used for the body extending between
the inductor electrodes which has a resistivity high
enough to act as an insulating material, that is, a
resisitivity not substantially less than 104 ohms per cm.
per cm.4. Such a body also is formed with an even, regu-
Iar surface adjacent the face of the conveyor and closely
spaced in relation thereto. It is found that when such a
body of insulating material is thus disposed extending
between the inductor electrodes that a smooth gradient
of potential is established extending between the zones
of constant potential existing at the faces of the inductor
electrodes when the space between the surface of the
insulating material and the face of the conveyor 1s suf-
ficiently reduced. It is believed that this action takes
place by virtue of a layer of ions which accumulate on
the surface of the insulating material which is in opposed
relation to the face of the conveyor. |

While it is usually preferable to use a slightly conduc-
tive material having a resistivity in the range 10101013
ohms per cm. per cm.2, in some cases an ordinary insulat-
ing material having resistivity not less than 104 ohms
per cm. per cm.? may be used where such factors as cost,
size and ease of fabrication to close dimensions are In-
volved. Particularly in small machines satisfactory con-
trol of the potential gradient is secured without the dif-
ficulty and increased cost that are involved in providing
the body of slightly conductive material.

As above indicated it is necessary that the space be-
tween the high resistivity body and the adjacent face of
the conveyor shall be as small as possible limited by the
necessity for mechanical clearance between the relative-
ly moving parts. Especially where the conveyor is
formed with a surface of revolution, such as a cylinder,
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and the body of high resistivity material also is so
formed, close clearance may be secured. Moreover, the
space or gap between the two surfaces may be made con-
tinnous and of uniform width along the conveyor sur-
face in the direction of movement thercof. It has been
found in a practical machine that the space or gap may
be substantially in the range between .1 mm. and 1.5 mm.
In general within this range the gap may be made larger
for a machine having a conveyor of larger dimensions,
for example, a large diameter of a cylindrical conveyor
as compared with a machine having a conveyor of
smaller diameter. It is preferable, having regard to the
requirements for mechanical clearance between the rela-
tively moving parts, that the gap be maintained as small
as possible to secure the improvement in the tangential
field.

In some embodiments in this feature of the invention
the slightly conductive material may extend upon or
cover and be in contact with the face of the inductor elec-
trode that is disposed toward the conveyor face. The
portion of the slightly conductive material covering the
inductor face cooperates with the conductive body of the
inductor electrode to form a composite inductor electrode
structure. The body of slightly conductive material ex-
tending between the two electrodes for the purpose of
controlling the tangential field or gradient of potential,
as above described, may connect two such composite in-
ductor electrodes. The body of slightly conductive ma-
terial may be in the form of a continuous layer disposed
in adjacent and closely spaced relation to the face of the
conveyor and in contact with and covering the respec-
tive inductor electrodes and interposed between the re-
spective inductor electrodes and the conveyor.

The portion of the slightly conductive material which
covers the face of the inductor electrode serves to con-
trol or prevent discharge across the space between the in-
ductor electrode and the conveyor. If for any reason
ionization were initiated in the gap between the com-
posite electrode and the conveyor, such ionization would
result in a drop of the potential of the surface of the
slightly conductive material because the high resistivity of

this material limits the flow of charges therethrough from
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O allowing these ionizers to touch the conveyor.

the inductor electrode and across the gap and such dis-
charge thus may be caused to cease or be reduced. If
the inductor electrode formed of a conductive material.
such as a metal, is not provided with such a covering,
the limiting action developed by the slightly conductive
material is not secured and some variation of the output
potential of the machine may occur. In electrostatic ma-
chines for certain purposes, for example for ignition pur-
poses, however, such variation of potential is not detri-
mental and inductor electrodes without a covering of
the slightly conductive material may be used. The limita-
tion of discharge across the gap to the conveyor surface,
also, may be secured all along the extent of the slightly
conductive material between the two inductor electrodes.

The space between the face of the inductor electrode
and the conveyor face, as well as between the high resis-
tivity body and the conveyor, is made as small as possible
and is made constant along the face of the conveyor in
order to take advantage of the condition that the dielec-
tric strength of the dielectric medium in the gap 1s in-
creased as the space between the two parts at different
potentials is decreased. A smaller gap makes possible a
higher electric flux density which results in higher output
current. ‘The gap is maintained as constant as possible
all along the conveyor face because it has been found
that if the gap is of irregular width variation of the
potential of the charges on the face of the conveyor will
occur resulting in creeping discharges along the face of
the conveyor.

The spacing of the ionizers from the face of the con-
veyor opposite to that adjacent which the inductor elec-
trodes are disposed is made as small as possible without

The
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greater the gap through which the ions must pass in their

“movement from the input ionizer to the conveyor and
from the conveyor to the output ionizer, the greater the
loss of energy from the ions as they move through the
fluid medium. Such loss of energy results in a drop of
the potential of the charges and has a detrimental effect
on the potential difference between the mput and output
terminals as well as on the overall efficiency of the
machine. | |

If the insulating support of the ionizers is provided in
the form of a continuous, even, regular surface adjacent
the face of the conveyor that is opposite to that at which

the inductor electrodes are disposed, it has been found

that when the gap or space between this surface of the
insulating support and the conveyor face is made as small
and as constant as possible a further and substantial -
crease in the power output of the machine can be secured.
The insulating support for the ionizers may, moOreover,
provide in its surface a recess in which the ionizer is dis-
posed in order to secure effective lonization of the gaseous
dielectric medium in contact with the ionizer and the ad-
jacent face of the conveyor.

The input and output iomizers may be provided Dy
wires or by thin blades disposed edgewise to the face of
the conveyor. These wires or blades have their length ex-
tending transversely of the direction of relative move-
ment of the conveyor with respect to the electrodes. The
input and output ionizers both are disposed as close as

possible to the adjacent face of the conveyor while avoid-

ing contact therewith. The gaseous dielectric material

is effective to prevent passage therethrough of current

directly from one ionizer to the other, so that as the
relative movement of the conveyor and electrodes 1s pro-
.duced, the potential of the charges carried by the ions
‘which are transported by the conveyor at its surface 1S
increased from the potential at the input iontzer to the
potential at the output terminal.

As indicated above, in order to secure effective opera-
-tion of a machine utilizing the structures above described,
a dielectric gaseous medium is disposed in the narrow
spaces that are provided at either side of the conveyor.
This gaseous medium at one side of the conveyor is in con-
tact with the inducior electrodes and with the insulating
body, or with a body of slightly conductive material when

such body is used. The gaseous dielectric medium is in

contact with the ionizers and the insulating support at
the other side of the :conveyor. This gasecus mediim
should have as high a dielectric strength as possible con-
sistent with other qualities which are found to be re-
quisite. It should have a high dielectric dependability
which is the characteristic that the gasecus medium acts
to trap the electrons so as to prevent an avalanche of elec-
trons from developing into a long spark through this di-
eleciric medium. The gaseous dielectric medium which 1s
in contact with the ionizers alsc should have as high
ionic mobility as possible in order to facilitate the trans-
fer of the ions from the input ionizer to the conveyor and
from the conveyor to the output ionizer. These qualities
are secured by utilizing certain gases under high pressure
of the order, for example, of 10 to 30 kg. per cm.2. The
gaseous medium further should be chemically inert under
the conditions of ionization which prevail in the electro-
static ‘machine in order to avoid corrosive -action on the
metallic and insulating parts of the machine.

For the purpose of securing high dielectric strength
compressed oxygen, nitrogen, chlorine or oxygenated or
halogenated compounds or mixtures of these gases may be
used as heretofore proposed. Such gases would also have
a good dielectric dependability. Dielectric dependability,
however, is normally linked with electronic affinity, i. e.,
oxidizing properties which are characteristic of electro-
negative gases. Such oxidizing properties in the dielectric
medium, especially where 1onization takes place, are un-
suitable because of their corrosive éffect on the metal and
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insulating parts which would prevent continuous opera-
tion. FEither pure hydrogen or pure nitrogen may be used
for the gas at the ionizer side of the conveyor in order
to prevent corrosion. Hydrogen is preferable since 1t
meets to the requisite extent the requirements of chemical
inertness and dielectric dependability.

In order to provide the desirable ionic mobility nitro-
gen or hydrogen, preferably hydrogen, free of electro-
negative impurities may be used at the side of the con-
veyor at which the ionizers are disposed. Pure hydrogen

is particuiarly advantageous because it provides a very

high ionic mobility and at the same time affords adequate
dielectric strength and also adequate dielectric depend-
ability. | |

Tn addition to the above described electrical and chemi-
cal advantages sccured by the use of hydrogen as a di-
electric gaseous medium, hydrogen because of its low
density has the advantage that it makes possible the op-
eration of the machine with small loss due to the fric-
tional effect of windage, especially in the small spaces
that are provided between the conveyor faces and the
adjacent parts, namely, the bodies or supports of insulat-
ing or slightly conductive material, or the electrodes.

When the electrostatic machine is required to supply
large currents the insulating material of which the con-
veyor is made should be capable of withstanding without
danger of breakdown an electric flux density (product
of the dielectric constant of the material and the electric
field intensity) as high as possible. This material also
should be capable of withstanding the intensive corona
discharges prevailing around the ionizers. It has been
found that in pure hydrogen or nitrogen the ability of
the insulating material of the conveyor to withstand
corona discharges for long intervals of time is primarily
determined by the ability of this material to withstand
spot carbonization. Such a material is one which will
withstand “tracking,” the phenomenon of the formation
of conductive paths or tracks under the action of electric
discharge between two spaced electrodes disposed in con-
tact with the surface of the insulating material. (1952
Book of Standards, American Society for Testing Ma-
terials, designation D 495-487T). The dielectric constant
of the insulating material which, for example, may be a
suitable ceramic, glass or synthetic resin, advantageously
is between four and ten times that of the gaseous dielec-
tric medium in the space between the conveyor and the
conductive electrodes.

Having regard to the explanation above given, prei-
erably a gaseous medium such as hydrogen may be dis-
posed at the side of the conveyor at which the ionizers
are disposed in order to secure the advantage of ionic
mobility and the other advantages referred to, while at
the opposite side of the conveyor a gaseous. medium pro-
viding primarily a high dielectric strength may be used.
If two different gaseous mediums thus are to be used at
the opposite sides of the conveyor it is necessary to pro-
vide means to insure their separation and the construc-
tion would require stuffing boxes and separating walls for
corifining these separate gases under pressure, and other
complications. In a practical machine, therefore, it is
found that hydrogen under a pressure of not substan-
tially less than 8 kg. per cm.?2 and preferably between 10
and 20 kg. per cm.2 may be used as a dielectric gaseous
medium for securing in the requisite degree all of the
gualities which have besen described above. Within the
scope of the invention a liquid dielectric medium having
sufficient dielectric strength and dielectric dependability
may ve used at the side of the conveyor opposite to that
at which the ionizers are disposed.

It is a further feature of the invention that the bodies
of slightly conductive material and of insulating material
that are disposed in close relation to the surface of the
conveyor, especially in a machine in which the conveyor
provides a surface of revolution about an  axis .of rota-
tion, are supported by a stator which is of such form
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as to insure that the narrow space of constant width
between the inductor members and the body of slightly
conductive material or of insulating material is main-
tained. A stator of insulating material also is provided
for supporting the ionizers at the opposite surface of the
conveyor, which in a rotary machine may be a surface
of revolution about the axis of rotation, in closely spaced
relation to the conveyor surface while at the same time
providing for the close spacing of this stator of insulat-
ing material with respect to the conveyor face. In such
a rotary machine the conveyor and thesc stators pref-
erably are of cylindrical form and preferably are hollow.
The conveyor may be in the form of a hollow bell sup-
ported by a web at one end thereof on a rotatable shaft
In cantilever relation to this shaft. One of the stators
may be supported adjacent the outer surface of the cylin-
drical conveyor and the other stator may be suppoeried so
as to extend within the hollow space of the bell shaped
conveyor in adjacent relation to the inner surface of the
conveyor. These stators may be of cantilever form sUp-
ported at one end thereof. The inner stator may be
supported on the outer stator at an end thereof.

The mechanical form and disposition of the parts of
the machine as well as the electrical features thereof will
oe understood more clearly from the description to follow
taken in connection with the drawings in which:

Fig. 1 is a longitudinal, sectional view of such a ma-
chine on line I—I of Fig. 2.

Fig. 2 is a cross sectional view of said machine on line
II—II of Fig. 1.

Fig. 3 is a diagram showing the principle of operation
of the machine, | |

Fig. 4 is a diagram of electrical connections for the
machine of Figs. 1 and 2.

Fig. 5 is a longitudinal, sectional view of a second em-
bodiment on line V—V of Fig. 6.

Fig. 6 is a cross sectional view of this machine on
lime VI—VT of Fig. 5.

Fig. 7 shows in partial section the construction which
utitlizes the body of insulating material between the elec-
trodes and the insulating support for the ionizers.

Figs. 8, 9, 10 and 11 show four forms of construc-
tion representing the improvement secured by the con-
struction of Fig. 7, as compared with the prior art con-
struction.

Referring now to Figs. 1 and 2, the machine according
to the invention comprises a sealed cylindrical envelope
1 capable of withstanding an internal pressure of several
tens of atmospheres, and which may be filled, for example,
with pure hydrogen under a pressure of, say, 10 to 20
kg. per sq. cm. For the sake of simplicity, only the por-
tion of this envelope which surrounds the essential parts
of the machine has been shown.

At one end of the envelope 1 a shell shaped metal
support 3 is sectred by means of insulators 2, this sup-
port comprising a protruding part 4 on which is attached
an insulating flange 5. On 2 circumferentially machined
portion 6 of said flange is fitted a tubular, cylindrical
part 7 made of insulating material in the inner cylindrical
face of which are provided four longitudinal grooves 8
located in pairs on two perpendicular diameters. In two
of these grcoves that are diametrally opposite to each
other are disposed two longitudinal metal members 9
which constitute the input inductor electrodes while elec-
trode members 10 similar to members 9 are secured in
two other grooves § located on the diameter that is per-
pendicular to the diameter on which metal members 9
are disposed. The members 10 are the SCreens or out-
put inductor electrodes.

A cylindrical sleeve 11 made of a slightly conductive
material, of the order of 101° to 1013 ohms per centimeter
per square cenfimeter, provided for instance, by a suit-
able resin, ceramic, or glass, is fitted inside the tubular
part 7 and in contact with input inductor electrodes 9
and output inductor electrodes 10.
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A second hollow member 12 of insuelating material and

~a generally cylindrical shape is attached to the tubular

part 7 coaxially therewith by means of cooperating cir-
camfierentially machined bearing surfaces 13. The mem-
ber 12 aiso comprises, on its outer face, longitudinal
grooves 14 which respectively face the grooves 8 in mem-
ber 7. Metal plates 15 facing the electrode 9 and metal
plates 16 facing the output inductor electrode 10, respec-
tively, are secured at the bottom of these grooves 14 in
the member 12. Resilient tensioning members 17 are
arranged at each end of the plates 15 and 16 for support-
ing, in each corresponding groove and substantially at the
level of the periphery of member 12, two metal wires
18, 19 which extend parallel with the axis of the machine.
These pairs of metal wires are stretched by the tension-
Ing members in the grooves 14 facing the electrodes 9
and 10 and serve respectively as the input and output
ionizers.

Within the space between sleeve 11 and member 12
18 disposed the skirt of a hollow, cylindrical, bell shaped
insulating member 20 open at one end of the cylinder.
This member 20 constitutes the conveyor. The conveyor
20 1s keyed on a rotary shaft 21 extending along the axis
of the machine and supported, on the one hand, by a
ball bearing 22 housed in part 4 of support 3 and, on
the other hand, by similar bearings 23 housed in a sheath
24 held in a support 25 connected with member
12 through webs 254. Shaft 21 is connected through
an insulating coupling 214 with a second shaft, not shown,
which passes through the sealed envelope by means of a
stuffing box and which may be driven in rotation by any
suitable means such as an electric motor.

AInput inductor electrodes 9 are electrically connected
by conductors 26 to one of the terminals of a source of
direct current potential, such as an auxtliary electrostatic
generator 27 (Figs. 3 and 4), which charges these elec-
trodes at a predetermined potential, the other terminal
of this source being grounded in the particular embodi-
ment shown. Input ionizers 18 are grounded through
conductors 28, thus establishing connection of the input
1onizers to the “other” terminals of the machine. On the
other hand, the output inductor electrodes 10 and output
10nizers 19 are electrically connected through conductors
29 to the output terminal 39 of the machine (Figs. 3 and
4). Conductors 26, 28 and 29 may be arranged to pass
through suitable insulating bushings in envelope 1. When
the envelope 1 is made of meta] jt is advantageously
grounded, in which case conductors 28 may be directly
connected therewith,

The operation of the above described machine is ex-
plained hereinafter, reference being had to the diagram
of Fig. 3 which represents, in developed form, an input
inductor or exciter electrode € and an output inductor
electrode or screen 10 spaced therefrom in the direction
of movement of conveyor 20, as shown by the arrow.
Fragmentary portions of the conveyor 29 and of the
slightly conductive sleeve 11 are shown, as well as the
tnput ionizer i8 and the output jonizer 19 which are
spaced 1n the direction of movement of the conveyor,
together with the corresponding electrical connections.

Input inductor elecirode 9 being brought by the aux-
tiary generator 27 to a potential —V with respect to
ground, an intense electric field is established adjacent
ionizer 18 which is grounded and which faces inductor
clectrode 2. As a result, positive charges are deposited
on the face 24’ of insulating conveyor 20 which 1s dis-
posed toward ionizer 18. In the space between input
Inductor electrode 9 and the section of the other face
20" of the conveyor 28 which 1s facing electrode Q, free
negative ions which exist in the dielectric medium are at-

tracted by the above mentioned positive charges and as

a result a layer of negative charges builds up on the face
20" of the conveyor 20.

During the movement of a section of the insulating

the electrode 9
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towards electrodé 10 in the direction of the arrow, Fig. 3,

the potential of the charges carried by. this section in-
creases. When this section comes to the pos1t1011 facing
output ionizer 19 these charges flow through ionizer 19
and charge the output terminal 30 of the machine and
the electrode 10 conrected thereto which are thus brought
to a potential 4-U. It may be shown that the amount
of positive charges on the face 20” of the insulating con-
veyor 2{ due to the presence of negative charges on the
face 20’ of the conveyor, is about twice that which would
be developed if these negative charges did not exist.
Such action is termed “double transport.” A condition
to be obtained for such operation is that the insulating
material forming the conveyor 20 shall be able to with-
stand a dielectric stress double that to which it would be
subjected if only one face of the conveyor were charged.

A purpose of the slightly conductive sleeve 11 is to
avoid field concentrations on the lateral edges Ya, 10a
of the inductor electrodes to distribute smoothly the
gradient of the potential difference existing between an
inductor 9 and the next inductor 10 in such a manner
that the charges deposited on the conveyor move in a
well distributed longitudinal field varying gradually with-
out abrupt change in the vicinity of the electrodes. The

sleeve 11, on the other hand, may be omitted. and the

inner face of the insulating part 7 may be covered with
a . layer or coating of slightly conductive material to
provide the electrical connection between electrodes 9
and 10 which establishes and maintains. the desired longi-
tudinal field.

The interval between sleeve 11 and the outer face 20"’

of conveyor Z§ should be as small as possible as above
mentioned, namely, generally in the range between .1
mm. and 1.5 mm. This space preferably, however, has
a width of the order of .1 to .5 mm. to secure the ad-
vantage above described of the narrow space.

The cylindrical shape adopted in the above descr:bed
embodiment makes it possible to obtain a compact, simple
and economical construction. Due to the fact that cylin-
drical surfaces are relatively easy to fabricate with pre-
cision, fluctuations or breakdown due to variations in the
distance between the conveyor and the slightly conductive
sleeve are avoided which fluctuations would affect the
operation of the machine unfavorably if the machine were
constructed with a flexible conveyor.

In the machine shown in Figs. 1 and 2 the inductor
electrodes are disposed exteriorly- of the conveyor while
the ionizers are located within the hollow space of the
conyeyor. The converse arrangement also 1S possible, as
shown in Figs. 5 and 6.

In Figs. 5 and 6 identical or similar parts to those of
the machine in Figs. 1 and 2 are designated by the same
reference numerals increased by 100. Thus, the machine

again comprises a sealed envelope 101, insulators 102

securing a support 193 on part 104 to which is fitted
flange 165 which, by means of the cylindrical bearing
surface 166, supporis the cylindrical member 107. The
insulating conveyor 120 is keyed on the shaft 121 ro-
tatably mounted in the bearings 122 and 123, the bearings

- 123 being housed in the ring 124 carried.in the support

125 connected with the inner cylindrical part 112 through
webs 125a4.

In contrast to the machine of Figs. 1 and 2 it is.the
outer cylindrical member 107 which carries the ionizers.
These ionizers in this embodiment are formed. of thin

metal blades 118 and 119, respectively disposed on edge

in two perpendicular diametral planes of the machine.
These blades are supported by insulating rods 131 held

at their ends in member 107, being disposed in recesses
formed in the wall of the cylindrical: member 107, these

recesses opening through windows adjacent the outer sur-
face of the conveyor wall. The metal blades 118,

project through these windows into close- relatlon to-the
outer surface of the COnveyor.

On the other hand, it is the inside cyhndncal part 112
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whwh carries the electrodes 109 and 110 and on which
is fitted the high resistivity sleeve 111. The assembling
of member 112 and of the other parts supported by this
member is made easier and the whole is made lighter by
forming depressions in the outer circumference of the part
112 in order to provide machined bosses, such as 112’ and
112" arranged in rows lengthwise and circumferentially
of the part 112, on which bear respectively the input in-
ductor electrodes 109 and the output inductor electrodes
110 and the slightly conductive sleeve 111, the free inter-
stices between the bosses being filled with a cast com-
pound which may consist of coal tar pitch, Imsulating
synthetic resin or an insulating liquid.

The centering of member 112 and ot the parts carried
by this member is accomplished in relation to shaft 121
the end of which is supported by a bearing 132 housed
in a flanged head 133 fitted into member 107, one or more
longitudinal ribs 134 being provided on this head en-
gaging corresponding grooves in member 112 for pre-
venting rotation of the member 112 relative to the head
133 and bearing 132. |

The construction of this machine, the operation of
which is the same as that of the machine of Figs. 1 and
2. makes the necessary insulation easier. In addition, the
adjustment of the positions of the ionizers 118 and 119
is made easier due to the fact that they are located on
the outside and are, therefore, more easily accessible.

The two above described embodiments relate to cylin-
drical machines, but it will be appreciated that a machine
according to the invention might also comprise one or
more disc-shaped conveyors of insulating material, the
inductors, on the cne hand, and the ionizers, on the other
hand, being arranged radially at the respective sides of
each disc, the construction being such that the narrow
spaces of constant width at the two sides of the conveyor
disc are provided.

Although the machines of the invention have been de-
scribed as operating as generators it will be understood
that they can also operate as motors, a potential U being
applied to the output inductor elecirode 198 or 11§ and
to the output ionizer 19 or 119 and an excitation poten-
tial V being applied to the mput inductor electrode 9 or
109,

In Fig. 7 is shown diagrammatically a modification
of the conmstruction of the elecirostatic machine of the
invention.in which an input inductor electrode 141 and
an output inductor electrode 143 are disposed in spaced
relation along and with their faces parallel to the ad-
jacent face of a conveyor 145 of insulating material sup-
ported for movement in the direciion of the arrow. The
inductor electrodes 141 and 143 are supported by a
stator 147 providing a body of insulating material dis-
posed between the two inductor electrodes 141 and 143
and providing face 149 extending generaily in the same
plane as the face of the inductor electrodes 141, 143

~ parallel to and 1n closely spaced relation io the adjacent
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face of the conveyor 145. It will be understood in &
machine having a rotatable conveyor which may be of
cvlindrical form that the stator 147 may have the form
of the member 7 in Figs. 1 and 2 described above pro-
viding a cylindrical surface about the cylindrical con-
veyor. In the face 149 of the stator 147 recesses 151,
153 are formed in a manner sinular to Fig. 2, 1n which

recesses the inductor electrodes 141, 143 respectively are

disposed.. In the embodiment of Fig. 7, however, the
slighily conductive body provided by the sleeve 11, Figs.
1 and 2, 1s omitted and the conveyor 145 1s disposed in
closely spaced relation to the surface 149 of the staior
and also in closely spaced relation to the adijacent faces -
of the inductor electrodes 141, 143 as is the outer surface.
of the conveyor 20 1n Figs. 1 and 2 with respect to the in-
ner surface of the slightly conductive sleeve 1i. The
width of this spacing in the construction of Fig. 7 may be
of the.same degree, namely .1 to 1.5 mm. In the em-
bodiment of Fig. 7, as in the embodiments previously de-
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scribed, the narrow space is continuous and of substantial-
ly constant width along the length of the conveyor in
the direction parallel to its movement relative to the
stator 147. The advantages above . generally described
with respect to control of the gradient of potential or the
tangential field along the conveyor by virtue of this
narrow space may be secured in the construction of Fig. 7.

At the opposite face of the conveyor 145 the input
ionizer 155 and the output ionizer 157 are disposed re-
spectively in opposed relation to the input inductor 141
and the output inductor 143, the edges of these icnizers
in the form of blades disposed perpendicular to the con-
veyor surface being 1n closely spaced relation thereto for
the purpose of securing the requisite ionization of the
gaseous medium. As shown in Fig. 7 ionizers 155 and
157 are supported by a stator 159 of insulating material
providing a surface 161 extending parallel to and in
closely spaced relation to the adjacent surface of the
conveyor 145. Tn the region adjacent the ionizers 155,
157 recesses 163, 165 are formed in the surface 161 of
the stator 159 =0 as to provide spaces at either side of the
respective ionizers 155, 157 properly to provide for the
tonization. Except for the recesses 163, 165, the space
between the surface 161 and the conveyor face is main-
tained continuous and of constant width transversely of
the conveyor face along the conveyor in the direction
parallel to its movement. The width of this space may
be substantially in the range between .1 mm. and 1.5
mm.

It will be understood that the stator 159 also may be
provided in a rotary machine in a form similar to the
stator 12 of Figs. 1 and 2 in which the outer circum-
ferential surface recesses 14 extending parallel to the
axis are formed in which the ionizers are disposed. The
edges of the 1onizers 155, 157 are disposed approximately
at the plane of the surface 161 of the stator 159, Fig. 7, as
ave the ionizers 18, 19, Fig. 2, with respect to the outer
circumference of the stator 2. The mechanical forms
of the stators 147, 159 and of the conveyor 145 may be
similar to the construction shown in Figs. 1 and 2, or,
if desired, this construction may be similar to that of Figs.
5 and 6 in which the outer stator supports the ionizers
and the 1nner stator supports the inductor electrodes.

It has been found by tests that the construction
embodying the features which have been described in
connection with Fig, 7 makes possible a substantial in-
crease 1n power as compared with a machine of the same
general dimensions excited by a potential of the same
general degree across the input inductor electrode and

the input lonizer when such input inductor electrode |

and ionizer merely are supported in opposed relation
at opposite sides of the conveyor, as in Fig. 11, without
utilizing the stators of insulating material in the form
shown 1n Fig. 7. A comparison between three different
constructions is given in Table I which has reference to
Figs. 8, 9 and 10 of the drawings which are fragmentary
sections showing merely schematically one of the inductor
electrodes and the ionizer in opposed relation thereto of
constructions utilizing statcrs one or the other or both of
which are in the closely spaced relation to the conveyor
described in connection with Fig. 7.

TABLE I
Output Current uA at
ixcitation | Optimum -Qutput Potentials—
. Fig. No, Thresnold | Exeitation
Potential
0 50 60 80
8 e 14 18 | 140 80 80 70
Y R 19 27| 130 |...__. 100 90
10, .. . 14 19t020 | 187 | 155 |__._.. 140
) O 18 22 90| 50 406 (_____.

The generator which was used for the tests of Table -

1 was constructed with one input inductor electrode and
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one output inductor electrode with their respective ioniz-
ers. The outer diameter of the rotor was 88 mm.; the
thickness of the rotor 2 mm., the length of the ionizers
60 mm. The rotor was rotated at 3,000 R. P. M. The
casing was pressurized with hydrogen at 15 kg. per cm.2,
The thickness of the ionizer blades was .03 mm.

When the excitation voltage or the potential difference
to be produced between the input inductor electrode and
the input ionizer is below a certain threshold, no ioniza-
tion takes place at the input ionizer and, therefore, no
output current is produced by the machine. As the ex-
citation voltage is increased above the threshold the out-
put current increases as a function of the excitation volt-
age but a point is reached at which the current output is
at a maximum and no further increase in current output
ts secured upcen further increase of the excitation voltage.
This point is identified in the table as the optimum excita-
tion potential. | |

In Fig. 8 the inductor member 171 is supported on an
insulating support 173 which, however, does not provide

- a body of insulating material or of the shightly conduc-
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tive material extending along the conveyor face in closely
spaced relation thereto. This construction, however, pro-
vides the insulating support 175 for the ionizer disposed in
a recess 177 corresponding to .the construction of Fig, 7
at the icnizer side of the conveyor, this insulating support
ot stator being in closely spaced relation to and continu-
ous along the conveyor as is the stator 159 in Fig. 7.
The improvement obtained in power output of the ma-
chine by the construction of Fig. 7 by virtue of the close
spacing with respect to the conveyor surface of the body
disposed between the two inductor members is shown by
comparison with the results given in the table for the
construction of Fig. 10 in which the inductor 141 is
disposed in a recess 151 formed in an insulating body
147 having a surface 149 in continuous closely spaced
relation to the conveyor 145 as in Fig. 7, the ionizer
133 being supported in Fig. 10 by the stator 159 in recess
163 the same as shown in Fig. 7. It will be understood
by comparison of the data given with respect to Figs. 8
and 1C that the current in micro-amps is greatly in-
creased both on a short circuit and at the high potential
of 80 v. In the latter case the current is doubled.

The construction of Fig. 9 is the same as that of Fig.
7 with respect to the disposition of the inductor member
141 supported by stator 147 having its surface 149 in
closely spaced relation to the conveyor 145. In this
construction, however, the ionizer 181 is supported by a
bar 183 of insulating material without the body of the
insulating supporting material closely adjacent to and
continuous along the surface of the conveyor 145 at
which the ionizer 181 is disposed as in the embodiment
of Fig. 7. As shown in Table T it will be understood
that the construction of Fig. 9, while providing an in-
crease of current from 70 micro-amps to 90 micro-amps
at 80 kv., does not provide the substantial increase to
140 micro-amps which is secured by the construction of
Fig. 10. It will be clear, therefore, when the bodies
which are disposed between the inductor members and
between the ionizers at the respective sides of the con-
veyor are brought into closely spaced relation to and are
continuous along the respective faces of the COnveyor,
that a significant improvement in the power which may
be developed by the electrostatic machine is accom-
plished.

Fig. 11 shows a stator 173 supporting the inductor
electrode 171 as shown in Fig. 8 and a stator 183 sup-
porting the ionizer 181 as shown in Fig. 9, these stators
at both sides of the conveyor being disposed adjacent
but not in the continuous close spacing with respect to
the conveyor as in Figs. 7 and 10. Fig. 11 corresponds
in a general way to constructions of the prior art, the
output current by comparison with the output current
obtained with the constructions of Figs. 8 and 9, and
particularly with respect to Fig. 10, being very much
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reduced, as shown in Table I. Moreover, in the test of
the construction of Fig. 11 it was found that it was 1m-
possible to increase the output potential above 60 kv.
because internal breakdown prevented reaching a higher
output potential than 60 kv. Thus, it will be clear that
the continuous close spacing of the stators to the re-
spective ad]acent surfaces of the conveyor constitutes an
important improvement.

A similar significant improvement in power output
is secured by virtue of the closely spaced relation which
has been described in the construction which utilizes the
slightly conductive material. |

In any of the embodiments which have been descubed
above thin blades set edgewise to the adjacent surface of
the conveyor are preferable for the ionizers. These
blades should be as thin as possible to insure proper
ionization. Having regard to the necessity for mechani-
cal strength and rigidity it is found that a metal blade,
for example, of steel, having a thickness substantially
in the range of .01 mm. and .05 mm. may be used.

The embodiments of Figs. 1 and 2. and of Figs. 5 and 6
provide a conveyor of bell shape, that is, the hollow
cylinder 20, 120 supported at one end thereof by a
web or flange 191 connecting the cylindrical wall of the
conveyor to a hub 193 carried on the shaft 21, 121.
The web 191 and the hub 193 are disposed at the end
of the conveyor toward the insulating flange support S,
165. The opposite end of the hollow conveyor is open
sO as to leave unobstructed the space within the cylin-
drical wall for insertion of the stator 12, 112 which
in Figs. 1 and 2 support the ionizers and in Figs. 5 and 6
support the inductor electrodes as above described. In
the embodiments of Figs. 1 and 2 and Figs. 5 and 6, this
inner stator also supports bearings 23, 123 which are
outboard with respect to the supporting fiange 5, 105.
The outer stator 7, 387 is supported in cantilever rela-
tion to the supporting flange 5, 105 and, at its end op-
posite to the supporting flange 5, 165, supports the inner
stator 12, 112 in cantilever relation to this opposite end
of the outer stator. -

The bell shape cylindrical convevor provides a form
which may be fabricated to precise dimensions and pro-

vides a hollow space of substantial diameter within which

an inner stator of correspondingly substantial diameter
may be disposed to support either the ionizers or the in-
ductor electrodes in the closely spaced relation to the
conveyor face in the manner which has been described
above. This inner stator, also bemg of cylindrical form,
may be fabricated easily to precise dimensions and may
be fitted closely to the outer stator in the cantilever re-
lation thereto which has been referred to. Moreover,
since the outer stator also is of general cylindrical form

it may be made to precise dimensions both with respect

to the inmer stator and with respect to the supporting

flange 5, 145 which, in the embodiments disclosed, is

carried upon the protruding part 4, 104 which supports
the bearing 22, 122 for the sh'a’ft'Zl 121. Thus, the
iwo stators and the conveyor disposed thewbetween may
be maintained in the closely spaced relation and concen-
tric with the axis of the shaft so that the conveyor will
run- true 1n relation to the adjacent stator surfaces.
Without departing from the invention variations may

be made in the dimensions of the conveyor and of the.

stators and in the thickness and dlSpOSlthIl of the slightly
conductive body, while retaining the features and secur-

ing the advantages of the invention which have been de-
scribed above.

made of different materials, including different plastics,
to secure the requisite properties which have been re-
ferred to in connection with these members of the ma-
chine. Different materials also may be used for the

slightly conductive body disposed in contact and connect-
~ing the inductor electrodes.
conductive materials may be used for the inductor elec-
trodes and the ilonizers. These and other variations

The stators and the conveyor may be

Different metals or other
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wh1ch may be made by those skﬂled in the art afe it
tended to come within the scope of the appended claims.
This application is a coniinuation-in-part of my co-

- pending application Serial No 321 351, filed November

19, 1952.
I claim:

I An electrostatic machine comprlsmg an input In-
ductor electrode, an input ionizer disposed in opposed
spaced relation to said input inductor electrede and mairi-
tained at a potential with respect to the potential of said
electrode to provide therebetween an electric field, a cori-
veyor of insulating material providing at opposite faces
thereof generally parallel surfaces, means for supporting
sald conveyor and said electrode for movement of one
with respect to the other in the direction transverse 10-
satd electric field and parallel to said faces of said cor-
veyor with said conveyor disposed between said inductor
electrode and said ionizer, an output inductor electrode
disposed at the same side of said conveyor as said imnput
inductor electrode and spaced from said input inductor
electrode in the direction of movement of said conveyor
relative to said input inductor clectrode, an output ionizer
dlsposed at the same side of said conveyor as said input

~1onizer and in opposed relation to said output inductor

electrode, said conveyor being supported also for move-
ment of said conveyor and said output inductor elec-
trode one with respect to the other in said direction of
relative movement of said input inductor electrode and
said conveyor with said conveyor disposed between said
output inductor electrode and said output ionizer, a body
having a resistivity not substantially less than 1010 chms
Per cm. per cm. 2 extending between said two inductor
electrodes in contact therewith and providing a surface
extending parallel to the adjacent surface of said con-
veyor and spaced from said conveyor surface by a nar-
row - continuous space of substantially constant width
transversely of said surfaces and extending along said
conveyor surface parallel to the direction of movement
thereof, and means for confining a dielectric fluid medi-
um 1n contact with said inductor electrodes, said ionizers
and the faces of said conveyor adjacent thereto

2. An electrostatic machine as defined in claim 1 in
which the resistivity of said body is substantially in the
range between 1010 and 1013 ohms per cm. per cm.2.

3. An electrostatic machine as defined in claim 1 in
which the resistivity of said body is not substantially less
than 104 ohms per cm. per cm.2.

4. An electrostatic machine as defined in claim 1 in
which the width of said space between said- body and the
adjacent face of said conveyor is substantially in the
range between .10 mm. and 1.5 mm.

5. An electrostatic machine as defined in claim 1 In
which said diclectric fuid medium in said space 18 a gds
at a pressure not substantially less than 10 kg. per cm.2

0. An electrostatic machine as defined in chlm 1 which
comprises a bedy having a reslstmty not substantialiy

~ less than 104 ochms pa..z cm. per cin.? extending between
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said two ionizers and providing a surface extending par-
allel to the surface of said conveyor that is ..Ldjac..,nt said

ionizers and spaced from said adjacent conveyor surface

by a narrow coniinuous space of substantially cemtfmt
width transversely of said surfaces and extending along

said conveyor surface parallel to the direction of m(WL,A |
ment thereof.

7. An electrostatic machine as defined in claim 6 in
which said body disnosed between said ionizers is con-

tinuous along said conveyor surface at either side of said
icnizers in the direction parallel to said movement of

said conveyor and provides an insulating support for said
ionizers, said ionizer supportmg body plmldmg respec-
tively at the positions of said ionizers recesses in said sur-
face of said body open toward said conveyor to provide
space at the sides of said icnizers for insuring effective
ionization by said ionizers of said fluid dielectric medlum..
in contact Wlth said ionizers.
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8. An electrostatic machine as defined in claim 1 in
which said dielectric fluid medium in contact with said

ionizers and the adjacent face of said conveyor is a gas.

having a high ionic mobility at a pressure not substan-
tially less than 8 kg. per cm.2.

9. An electrostatic machine as defined in claim 1 in
which said dielectric fluid medium in contact with said
1onizers and the adjacent face of said conveyor is hy-
drogen.

10. An electrostatic machine as defined in claim 1 in
which said dielectric fluid medium in contact with said
ionizers and the adjacent face of said conveyor is nitrogen.

11. An electrostatic machine as defined in claim 1 in
which said fluid medium in contact with said ionizers and
the adjacent face of said conveyor is hydrogen at a pres-
sure substantially in the range between 8 and 20 ke.
per ¢m.z,

12. An clectrostatic machine as defined in claim 11 in
which said fluid medium in said narrow space between
said body and the conveyor surface adjacent thereto is
hydrogen at a pressure substantially in the range between
8 and 20 kg. per cm.2.

13. An electrostatic machine comprising a rigid con-
veyor of insulating imaterial providing at opposite faces
thereof generally parallel continuous even surfaces, a pair

of inductor electrodes disposed in spaced relation to each

other along and adjacent and in spaced relation to a given
face of said conveyor, a pair of ionizers respectively dis-
posed in opposed relation to said inductor electrodes at
the opposite face of said conveyor from said inductor
clectrodes and adjacent and in spaced relation to said
opposite face of said conveyor, means for confining in
contact with said ionizers and said opposite face of said
cenveyor a gaseous dielectric medium, means connected
to a given one of said inductor electrodes and the ionizer
in opposed relation thereto for developing between said
given electrode and the opposed ionizer a difference of
potential capable of effecting ionization of said gaseous
medium for depositing charges on said opposite face of
said conveyor, means for supporting said conveyor for
movement of said conveyor parallel to said faces thereof
1n the direction from said given inductor electrode and its
opposed 1onizer to said other inductor electrode and its
opposed 1onizer for conveying said charges on said oppo-
site face of said conveyor adjacent which said ionizers
are disposed, said other ionizer being disposed in relation
to said opposite face of said conveyor for collecting said
charges from said opposite face of said conveyor at a
potential increased with respect to the potential of said
given ionizer; a body having a resistivity not substantially
less than 101 ohms per ¢m. per cm.? extending between
said inductor electrodes and in contact therewith, said
body and said inductor electrodes providing a substan-
tially continuous even surface extending parallel to said
given conveyor face and separated from said given con-
veyor face by a confinuous narrow space of substantially
constant width along said surface of said body and along
the surface of said inductor electrodes disposed toward
sald conveyor, the width of said space perpendicular to
said face of the conveyor and said surface of said body
being substantially in the range between .10 mm. and
1.5 mm., and means for confining in contact with said
- inductor electrodes and in said narrow space a dielectric
gaseous mediuim having high dielectric strength.

14. An electrostatic machine comprising a rigid con-
veyor of insulating material providing at opposite faces
thereof generally parallel continuous even surfaces, a pair
of inductor electrodes disposed in spaced relation to each
cther along and adjacent and in spaced relation to a given
face of said conveyer, a pair of ionizers respectively dis-
posed in opposed reiation to said inducior electrodes at
the opposite face of said conveyor from said inductor elec-
trodes and adjacent and in spaced relation to said oppo-
site face of said conveyor, means for confining in contact
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a gaseous dielectric medium, means for supporting said
conveyor for movement of said conveyor parallel to said
faces thereof in the direction from ‘a given inductor elec-
trode and ifs opposed ionizer to the other inductor elec-
trode and its opposed ionizer for conveying charges on

- sald opposite face of said conveyor adjacent which said

tonizers are disposed, a body having a resistivity substan-
tially in the range between 101¢ and 1013 ohms per cm.
per cm.? extending between said inductor electrodes and
connected thereto, said body and said inductor electrodes
providing a continuous even surface extending parallel to
sald given face of said conveyer and separated from said
given conveyor face by a continuous narrow space of uni-
form width along said surface of said body between said
inductor electrodes and along said inductor electrodes, and
means for confining in sald space a gaseous dielectric
medium at a pressure not substantially less than 10 kg. per
cm.2,

15. An electrostatic machine as defined in claim 14 in
which said body has a thickness transverse to said sur-
face thereof substantially uniform along the length there-
cf between said inductor electredes and extends upon the
faces of said inductor electrodes that respectively are dis-
posed toward said conveyor and in contact with said faces
to provide said continuous even surface and a smooth
gradient of potential between said inductor electrodes.

16. An electrostatic machine comprising a conveyor
of hollow cylindrical form supported for rotation on the
axis of the cylinder, said conveyor being formed as a rigid
body of insulating material, a conductive input electrode
disposed adjacent a given face of and extending along the
wall of said cylinder parallel to the axis thereof, an
ionizer of elongated form disposed adjacent said cylinder
wall adjacent the opposite face from and in opposed rela-
tion to said input inductor electrode with the length of
sald ionizer extending along said cylinder wall parallel to
said axis of said cylinder, said 1onizer throughout the
length thereof having the dimension thereof which 1s
transverse to said length thereof and which is generally
parallel to the circumference of said cylinder restricted
to provide a surface along said ionizer disposed toward
said cylindrical wall capable of developing adjacent said
ionizer a high flux density of an electric field produced
between said input electrode and said ionizer upon e€s-
tablishing a potential difference between said input elec-
trode and said input ionizer, an output inductor electrode
circumferentially spaced about said axis of rotation from
said input inductor electrode and adjacent said given face
of said conveyor adjacent which said input inductor elec-
trode is disposed, said output inductor electrode extend-
ing along the wall of said cylindrical conveyor parallel to
said axis of rotation thereof, an output ionizer disposed
adjacent said oppesite face of said conveyor wall in op-
nosed relation to said output inductor electrode with its
length extending along said cylinder wall parallel to said
axis of said cylinder, said output ionizer throughout the
length thereof having the dimension thereof which is
transverse to said length and which is generally parallel
to the circumference of said cylinder restricted fo provide
a surface along said ionizer disposed toward said cylindri-
cal conveyor wall capable of developing adjacent said
output ionizer a high flux density of an electric field be-
tween said output inductor electrode and said output
ionizer, means for confining in contact with said oppo-
site face of said convevor adjacent said ionizers and in
contact with said ionizers a gaseous dielectric medium at
a pressure not substantially less than 10 kg. per cm.?, 2
bedy having a resistivity not substantially less than 1010
chms per cm. per cm.? extending between said inductor
electrodes and in contact therewith and providing a sur-
face adjacent said given face of said cylindrical conveyor
wall spaced from said given face of said cylindrical con-
veyor wall, the space between said surface of said body
and said given face of said conveyor wall being continu-
ous and of uniform width circumferentially along said
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coriveyor wall, the width of said space being between .10
mm. and 1.5 mm., and means for confining in said space
and in contact with said inductor electrodes and with said
surface of said body and in contact with the given face
of said cylindrical conveyor wall a gaseous dielectric me-
dium at a pressure not substantially less than 10 kg. per

cm.2,

17. An electrostatic machine as defined in claim 16 In
which said gaseous dielectric medium in contact with said
ionizers is hydrogen. | |

18. An electrostatic machine as defined in claim 16 in
which both of said gaseous dielectric mediums are hy.
drogen. | | |

19. An electrostatic machine comprising a CoOnveyor
having a wall of insulating material extending about an

axis of rotation and about a hollow space within said wall,

having a wall of insulating material extending about an

axis of rotation and about a hollow space within said

10

wall, said wall providing an outer cylindrical surface and
an inner cylindrical surface concentric with said axis, an
outer stator of said machine having a wall extending

~ about said axis providing an inner cylindrical surface con-

centric with said axis, an inner stator of said machine

“having a wall extending about said axis and providing an

outer cylindrical surface concentric with said axis, said

cylindrical surfaces of said outer and inner stator walls

being disposed respectively outwardly and inwardly with

- respect to and adjacent said outer and inner cylindrical
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said conveyor wall providing an outer surface of revolu- -

tion and an inner surface of revolution about said axis,

‘an outer stator of said machine having a wall extending

about said axis and providing an inner surface of revolu-
tion about said axis, an inner stator of said machine hav-
ing a wall extending about said axis and providing an
outer surface of revolution about said axis, said outer and
inner stator walls being disposed respectively outwardly
and inwardly with respect to and adjacent said outer and
inner surfaces-of revolution of said conveyor wall, a ro-
tatable driving element, means supporting said driving ele-
ment for rotation thereof on said axis of rotation, said
conveyor wall adjacent an end thereof being supported on
said driving element in cantilever relation to said driving

element so as to be disposed between said stator walls

and for rotation of said conveyor wall with said driving
element on said axis of rotation, and means disposed ad-
jacent said driving element supporting means and support-
ing said outer and inner stator walls with said inner and
outer surfaces of revolution thereof respectively adjacent
the inner and outer surfaces of revolution of said con-

- veyor wall. -

20. An electrostatic machine as defined in claim 19
which comprises means disposed adjacent said supported
end of said conveyor wall for supporting said outer stator
wall in cantilever relation to said stator wall supporting
means and in said adjacent relation to said outer surface
of said conveyor wall.

21. An electrostatic machine as defined in claim 20
which comprises means disposed adjacent the end of
said outer stator wall spaced along said axis of rotation
from said supported end of said conveyor wall for sup-
porting said inner stator wall in cantilever relation to
said outer stator wall in said adjacent relation to the
inner surface of said conveyor wall.

22. An electrostatic machine as defined in claim 19
in which said means supporting said driving element for
rotation thereof on said axis comprises bearing means
supported by said inner stator.

23. An electrostatic machine as defined in claim 19
which comprises a bearing support supported by said
outer stator wall adjacent the end of said outer stator wall
spaced along said axis from said conveyor wall supporting
means and disposed within said inner stator wall for sup-
porting said driving element.

24. An electrostatic machine as defined in claim 19

in which said outer stator is formed with a recess in the

wall thereof extending parallel to said axis of rotation
and open through said wall at said inner surface thereof,
and an ionizer supported by said outer stator and dis-
posed within said recess in adjacent ionizing relation
to the outer surface of revolution of said conveyor wall.
25. An electrostatic machine as defined in claim 19
in which said inner stator wall is provided with a recess

extending parallel to said axis of rotation and formed
in the outer surface of revolution of said stator, and an

jonizing element disposed in said recess and extending
along said axis. |

26. An electrostatic machine comprising a conveyor

surfaces of said conveyor wall and separated respectively
therefrom by a narrow annular space of constant width

‘concentric with said axis of rotation, a rotatable driving

element, means supporting said driving element for rota-
tion thereof on said axis of rotation, said conveyor wall

 adjacent an end thereof being supported on said driving
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element in cantilever relation to said driving element so

as to be disposed between said stator walls and for rota-
tion of said conveyor wall with said driving element on
said axis of rotation, and means disposed adjacent said
supported end of said conveyor wall supporting means and
supporting said outer and inner stator walls with said
inner and outer cylindrical surfaces of revolution thereof
concentric with said axis and respectively in said narrow
spaced relation to said inner and outer cylindrical sur-
faces of said conveyor wall.

27. An electrostatic machine comprising a Cconveyor
having a wall of insulating material extending about an
axis of rotation and about a hollow space within said
wall, said conveyor wall providing an outer surface of
revolution and an inner surface of revolution about said
axis, an outer stator of said machine having a wall ex-
tending about said axis and providing an inner surface
of revolution about said axis, an inner stator of said
machine having a wall extending about said axis and
providing an outer surface of revolution about said
axis, said outer and inner stator walls being disposed
respectively outwardly and inwardly with respect to and
adjacent said outer and inner surfaces of revolution of
said conveyor wall, a rotatable driving element, means
supporting said driving element for rotation thereof on
said axis of rotation, said conveyor wall adjacent an end
thercof being supported on said driving element in canti-
lever relation to said driving element so as to be disposed
between said stator walls and for rotation of said con-
veyor wall with said driving element on said axis for
rotation, and means disposed adjacent said supported end
of said conveyor wall for supporting said oufer and inner
stator walls with said inner and outer surfaces of revolu-
tion thereof respectively adjacent the outer and inner sur-
faces of revolution of said conveyor wall.

28. An electrostatic machine comprising an input in-

“ductor electrode, an input ionizer disposed in opposed

spaced relation to said input inductor electrode and
maintained at a potential with respect to the potential
of said electrode to provide therebetween an electric field,
a conveyor of insulating material providing at opposite
faces thereof generally parallel surfaces, means for sup-
porting said conveyor and said electrode for movement
of one with respect to the other in the direction frans-
verse to said electric field and parallel to said faces of
said conveyor with said conveyor disposed between said
inductor electrode and said ionizer, an output inductor
electrode disposed at the same side of said conveyor
as said input inductor electrode and spaced from said
input inductor electrode in the direction of movement of
said conveyor relative to said input inductor electrode,
an output ionizer disposed at the same side of said con-

veyor as said input ionizer and in opposed relation to
said output inductor electrode, said conveyor being sup-
ported also for movement of said conveyor and said out-
put inductor electrode one with respect to the other in
said direction of relative movement of said input inductor
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electrode and said conveyor with said ct)nv'eyor disposed
between said output inductor electrode and said output
tonizer, a body having a resistivity not substantially less

than 1019 ohms per cm. per cm.2 extending between said
two inductor electrodes and providing a surface extend-

ing parallel to the adjacent surface of said conveyor and
spaced from said conveyor surface by a narrow con-
tinuous space of substantially constant width transversely

of said surfaces and extending along said ‘conveyor sur-

face parallel to the direction of movement thereof, means
for confining in said space a dielectric fluid medium, and
means for confining a gaseous dielectric medium in con-

tact with said ionizers and the face of said conveyor ad-
jacent said ionizers. o

29. An electrostatic machine comprising a conveyor

having a wall of insulating material extending about an
axis of rotation and about a hollow space within said
wall, said conveyor wall providing an outer surface of
revolution and an inner surface of revolution about said
axis, an outer stator of said machine having a wall ex-
tending about said axis and providing an inner surface
of revolution about said axis, an inner stator of said
machine having a wall extending about said axis and Pro-
viding an outer surface of revolution about sald axis,
means for supporting said outer and inner stator walls
with said inner and outer surfaces of revolution thereof
respectively outwardly and inwardly with respect to and
adjacent said outer and inner surfaces of revolution of
saild conveyor wall, a rotatable driving element, and
means supporting said driving element for rotation there-
of on said axis of rotation, said conveyor wall adjacent an
end thereof being supported on said driving element in
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cantilever relation to said driving element so as to be

disposed between said stator walls and for rotation of

said conveyor wall with said driving element on said axis

- Gt rotation.

30. An electrostatic machine comprising a rotor hav-
ing a wall of insulating material extending about an axis
of rotation and about a hollow space within said wall,
said rotor wall providing an outer surface of revolution
and an inner surface of revolution about said axis, an
outer stator of said machine having a wall extending
about said axis and providing an inner surface of revolu-
tion about said axis, an inner stator of sajd machine hav-
ing a wall extending about said axis and providing an
outer surface of revolution about said axis, means for
supporting said outer and inner stator walls with said
inner and outer surfaces of revolution thereof respectively
outwardly and inwardly with respect to and adjacent
said outer and inner surfaces of revolution of said rotor

wall, a rotatable driving element, and means supporting

satd driving element for rotation thereof on said axis of
rotation, said rotor wall adjacent an end thereof being
supported on said driving element in cantilever relation
to saird driving element so as to be disposed between said
stator walls and for rotation of said rotor wall with said
driving element on said axis of rotation.
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