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1

- The present invention relates to electrostatic
motors and generators, more particularly of the
type which comprises conducting movable mem-
bers.

In my copending application Serial No. 646,737
filed February 11, 1946, Patent No. 2,486,140, issued
October 25, 1949, I have disclosed that in electro-
static machines with conducting movable mem-
bers the useful electric forces acting upon said
movable members are proportioned to the “main
frame” of the active parts of these members and
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that it is advantageous fo give to said “main .

frame” a substantial area, allowance being made
for the other characteristic features of the ma-
chine.

In the electrostatic machines with conducting
movable members hitherto built the movable
members are mostly constituted by flat pieces of
substantial face surface forming with the sta-

tionary members condensers which are similar to g

plate condensers. It results therefrom that even
though in accordance with the proposals of the
above mentioned application Serial No. 646,737
" the conducting movable members are given a suf-
ficient “main frame” surface to obtain the best
results, this “main frame” surface generally re-
mains small with respect to the total surface of
a movable member. Exerted on the plane faces
of a flat conducting movable member are only
electric forces which do not directly perform work
since they are perpendicular to the movement of
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these bars is of continuous convex curvature and
the thickness thereof, measured bztween two
planes tangent to-the cross section outline of a
bar and parallel with the direction of displace-
ment of the latter, is preferably substantially
equal to twice the distance between a movable
member and each stationary member electrically
influencing the latter when the movable mem-
bers are influenced on both sides, and equal to
said distance when the movable members are
influenced on one side only. When given such
a thickness the said bars are submitted to the
highest possible useful electric forces.

Theé cross-section of the bars, which may be
constant or variable along each bar, may be, for
instance, circular, elliptical, oval, or substantiaily
such.

The stator may also be formed of similar bar-
shaped stationary members.

Various other features of the machine accord-
ing to the invention appear in the following de-
seription of embodiments of such a machine,
reference heing ha.d to the appended dra.wmgs in
which:

o Fig.lisa perspective view showing the rotor
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said member while the usual forces are exerted .

only upon its edge face.
the surface of such a conducting movable mem-
ber is not well utilized in its whole extent for
developing work since the electric forces which
are exerted ,on the major part of this surface
yield no work during the movement of the mov-

able members and thus do not contribute to the

energy conversion process.

The object of the present invention is to pro-
vide an electrostatic machine with conducting
movable members, capable of working as a motor
or as a generator, the movable members of which
are shaped in such a manner that the greatest
possible part of their surface may be influenced
by useful electric forces in order that the surface
of the “main frame” may be a large part of the

total surface of the member instead of being

much smaller.

In the machine according to the invention the
conducting movable members are in the shape of
long bars the long dimension of which is per-
pendicular to the direction of displacement of
said members. The outline of the cross section of

It is thus evident that
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of a machine of the “squirrel cage” type;
Fig. 2 is a diagrammatical end view of such a

‘machine when Jooking from the brush side;

Fig. 3 is a perspective view showing g rotor in
which the bars are arranged radially;

Fig. 4 is a diagrammatical end view of a ma-
chine comprising a rotor according to Figure 3
with parts broken away to show the radial bars.

Fig. 4a is a section taken on line 4a—4qa of Fig. 4.

Fig. 4b is a diagrammatical sectional view of
the machine in the vertical diametral plane of
Fig. 4. .

Figs. 5, 6 and 7 show various possible shapes
of the cross sections of the movable or stationary
conducting members. '

The rotor shown in Fig. 1 comprises bars a of
circular cross section arranged at the periphery
of a circular cylinder and maintained by two in-
sulating cheeks b secured to the rotating shaft c,
the whole forming a kind of squirrel cage.

Fig. 3 shows the rotor of an electrostatic ma-
chine formed of bars m of variable section ar-
ranged radially in three rows on an insulating
core k through which passes the rotating shaft .

It is evident that in such devices the “main
frame” surfaces of the movable conducting mem-
bers are multiplied to the maximum considering
the bulk of the said members and that since the
useful electric forces can be increased in pro-
portion the specific power, that is, the power per
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unit of volume, of the machine may be consider-
ably higher than that of a similar machine re-
quiring the same space and working in a fluld
medium having the same electrostatic pressure
and in which the invention has not been applied.

The cross-section of the bars which constitute
the movable members may advantageously be cir-
cular, elliptical with the short axis parallel to the
direction of the movement, the ratio of the axes
being comprised between two and one, elliptical
with the long axis parallel to the direction of
the movement, the ratio of the axes being com-
prised between one and two, oval with the axis of
symmetry parallel to the direction of the move-
ment, and the part having the highest curvature
which lies on. said axis being in the rear of the
profile when the machine works as a generator
(Fig. 5). The short and long axes of the ellipse
above referred to respectively are the distances
from the center of the ellipse to the points of
least and greatest curvature of the outline of the
ellipse. ‘

When the cross-section is flattened in the di-
rection of the movement i. e. when the shorter
axis is parallel to said direction, it is generally
advantageous to use bars with a cross-section
close to an ellipse. When the profile is elongated
in the direction of the movement, i. e. when the
shorter axis is perpendicular to said direction,
it is generally advantageous to use bars with a
cross-section similar to an ellipse but differing
therefrom by the following points: the radius of
curvature instead of being as in the ellipse equal
to b%/a at the apex of the long axis (a and b
designating the long axis and the short axis re-
spectively) has a higher value and is higher than
0.75-b when a/b is comprised between one and
two and higher than 0.65-b when a/b is com-
prised between two and three. When following
the periphery of the cross-section while starting
from the apex of the long axis the radius of
curvature first increases very slowly then more
rapidly and reaches at the apex of the short axis
a value which is higher than the expression a?/b
corresponding to the ellipse having the same axes
(Fig. 6).

When the arrangement of the stationary with
respect to the movable members of the electrical
device is not symmetric as it occurs, for instance,
in the case of the squirrel cage rotor shown at
Fig. 1 where the stationary members which in-
fluence the bars can be arranged on one side only
of the latter it may be of advantage to use bars
the cross-section of which is not symmetrical
with respect to a plane parallel to the direction
of movement of said bars (Fig. 7).

In a general manner, it has been found that in
order to work cut the invention in the best condi-
tions it is advisable to use cross-sections in which
the ratio of the ‘“axes-length” is not higher than
three, the expression “axes-length” meaning half
of the distance between two parallel lines drawn
in the plane of the cross-section and externally
tangent to the latter, the direction of said lines
being parallel to that of the movement for one
of the axes and perpendicular for the other.

In order that bars having a given profile should
be submitted to the highest possible useful elec-
tric forces it is desirable to confer to the said bars
an electric charge of a certain value and to cause
to act upon them an electric field parallel to
the direction of movement and of a convenient
Intensity. The value of the charge and the in-
tensity of the field may vary within certain limits
around optimum values which, more particularly,
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4
depend on the chosen cross-section. These
values may be obtained, in each case, through a
study of the electric field in the neighbourhood of
the bars, which study can be made by known
means such as mathematical, graphical or other
means, taking into account the fact that the elec-
tric fleld must not exceed the limit correspond-
Ing to the dielectric strength of the fluid medium
in which the machine works. Generally speak-
ing, the optimum value of the average electric
fleld parallel to the direction of movement of the
bars is near
a
0.5 Em'm

Em being the maximum admissible electric field
in the dielectric fluid medium which surrounds
the bars, b the axis of the profile perpendicular
to the movement and a the axis paraliel to the
movement.

The optimum charge to be given to a bar per
centimetre of length is generally near

AXeXEnXb

e being the dielectric constant of the fluid
medium which surrounds the bars and A a nu-
merical coefficient, all the values being expressed
in this formula in mechanical and electrostatic
c. g. 8. units. The coeflicient A is near 0.25 for
cross-sections approaching the circle or flattened
in the direction of the movement (short axis
parallel to the movement). For cross-sections
which are elongated in the direction of the move-

‘ment (long axis parallel to the movement) it in-

creases with the elongation of the cross-section.
It is near 0.30 for a/b=2 and 0.50 for a/b=3.

When the above data concerning the profile
of the bars, the average electric field paraliel to
the movement and the charge of the bars are
taken into account the shape index of the bars
assumes high values, which are higher than 0.50
and may exceed 0.90. This shape index equals,
for instance, 0.70 to 0.80 for cross-sections ap-
proaching the circle and 0.95 for an elliptical
cross-section flattened in the direction of the
movement, the ratio of the axes being about 1.6.

It is possible to depart, in a limited measure,
from the above indicated optimum values and,
for instance, to increase the charge of the bars
provided the average electric field parallel to
the movement is decreased simultaneously, and
conversely.

Therefore, in the machines according to the
invention, the intensity of the average fleld
parallel to the movement may be an appreciable
fraction of the maximum field Em, for instance
a quarter of said maximum field when the bars
are given a cross-section approaching the circle.
The potential difference across the terminals may
thus be very high, more particularly if the ma-
chine works in a fluid medium of high dielectric
strength. If Em=-200 kilovolts per centimetre,
a value which is very easily obtained, the average
field parallel to the movement may be close to 50
kilovolts per centimetre. The potential of one bar
will thus vary substantially by 50 kilovolts for a
displacement of one centimetre, that is to say
that if said bar moves 20 centimetres from one
pole of the machine to the other the potential
difference between said poles may be 1,000 kilo-
volts. Thus, the present invention makes it pos-
sible to build electrostatic machines yielding ex-
ceptionally high voltages, for instance 10,000 kilo-
volts, while requiring much less space than the
hitherto known electrostatic devices working in
& medium with the same dielectric strength.
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Charging of the bars and production of the

electric field parallel to their movement may be
obtained by means of any of the presently known
devices. For instance, it is possible to submit the
bars, at one point of their course, to the influence

of a stationary conducting electrode brought to -

a voltage —V while the bars are for instance
connected with the ground by means of brushes
or combs. Each bar will thus take a charge which
is practically equal to C.V., C being the capacity
formed by said bar and the influencing electrode,
provided the capacities of said bar taken with
the members of the machine the potential of
which is very different from V are of sufficiently
small value. It is also possible to connect the
bars with an auxiliary generator supplying a
potential V while the stationary influencing elec-
trode is connected with the ground.

In order that all the bars may be submitted, as
far as possible, to useful electric forces it is de-
sirable that they never should move idle be-
tween the poles of the machine but that they al-
ways convey charges of either sign. Any suit-
able devices may be used for this purpose. If,
for instance, one pole of the machine has a posi-
tive potential U it will be possible to submit the
bars while they are connected with said pole
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through suitable known means such as brushes -

or combs to the influence of a stationary elec-.

trode brought by suitable means to a potential
. U4V higher than U which will produce in the
bars, through’influence, a negative charge which
they will earry away in their further movement
and bring to another pole. It will also be possi-
ble to arrange a first brush connected with a sta-
tionary electrode surrounding the bars as far as
possible, to which brush the said bars transmit
the positive charge which they carry along with
the potential U. The so supplied current I passes,
before it reaches the receiver, through a resistor
which causes a voltage drop V, the other end of
the resistor the potential of which is U—V being
connected with a second brush. When the bars
come into contact with this brush they are still
under the influence of the stationary electrode
‘having the potential U and receive a megative
charge. This arrangement makes it possible to
avoid the auxiliary device which is indispensable
to bring the stationary electrode to a potential
U-+V higher than the potential U of the pole but
it leads to the necessity of dissipating the power
V.I to no purpose while the power which is neces-
sary for bringing the stationary electrode to the
potential - U4V may be rendered negligible
through a good insulation.
In order to produce the average electric fleld
parallel to the movement of the bars, stationary
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conductors may be arranged, which are brought .

to suitably stepped potentials to the influence of
which the bars will be submitted during their
movement. The stepping of the potentials may
be obtained by means of potentiometers, auxiliary
generators or auxiliary brushes. It will generally
be advantageous to use, as stationary conductors,
bars similar to or identical with the movable bars.

It will also be possible to use, as stationary
electrodes, more or less thick layers of materials
of very low conductibility, such as germanium,
the surface of which is brought to a regularly
progressively varying potential when a current
passes through them, the said layers thus behav-
ing like a potentiometer.

It has been found that it is advantageous, more
particularly when the machine works in a medium
having a high dielectric strength, not to give
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said layers a smooth, plane or cylindrical surface
as has hitherto been done but to provide them
with regularly cut grooves the direction of which
is substantially perpendicular to that of the
movement of the movable bars. These grooves
should have a suiltably rounded profile and a
depth comparable with the length of the axis of
the cross-section of the movable bars which is
perpendicular to the movement. It is thus pos-
sible to avoid the sliding of the charges carried
by the low conductibility layer under the action
of the forces to which they are submitted, said
forces being large since they are equal to those
acting upon the movable bars owing to the
equality of action and reaction. If the above
mentioned precaution is not taken, edge dis-
charges may readily occur on the layers owing to
the sliding of the static charges which they carry.

The spacing between the movable conducting
bars and the stationary device producing the elec-
tric field should be given a suitable value related
to the dimensions of the cross-section of the said
movable bars. When this spacing is too large the
volume occupied by the machine is not weil uti-
lized; when it is too small the electric field var-
ies greatly from one point to another of a same
bar and since its maximum value is limited by
the dielectric strength of the fluid medium the
electric forces are thus reduced as well as the
power of the machine.

As above stated it is advantageous to give the
spacing between the movable bars and the sta-
tionary members which create the electric field
a value approaching that of the axis b of the
cross-section of the bars, that is, in the case of
an elliptical cross section one half the distance
from the center to the point of least curvature
or in a circular cross section the radius, when
the latter are influenced on both sides by the
stationary members (Figs. 3, 4 and 4b) and a
value approaching 2b when the bars are influ-
enced by the stationary members on one side
only as it occurs, for instance, in the case of cy-
lindrical squirrel cage rotors (Figs. 1 and 2).

As to the spacing between two consecutive
movable bars it is advantageously comprised be-
tween b and 2b.

The two particular embodiments of the in-
vention diagrammatically shown in the ap-
pended drawings will now be described more
particularly.

Example I.—Squirrel cage machiné

In this machine, which is shown in Figs. 1 and
2, the bars have a circular cross-section and are
arranged on the periphery of a cylinder so as to
form a squirrel cage.

The rotor which is shown alone. in Fig. 1 is
formed of two insulating flanges b secured to the
shaft ¢ of the machine and carrying circular
section bars a. The stator (Fig. 2) comprises
an insulating ring d provided on its internal face
with grooves of semi-circular section in which
are placed stationary conducting bars e of cir-
cular section. For charging and discharging the
movable bars, the stator comprises, furthermore,
two broader conducting members f, ¢ spanning
several of the bars a of the rotor. Resistors 2
are interposed between the successive stationary
bars e, the later thus forming two continuous

conducting chains extending from f to ¢ and in '

which the potential varies from bar to bar
progressively circumferentially along the in-
ternal surface of the stator.
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Member f is brought by a suitable device, for
instance an auxiliary generator 10, Fig. 2, to a
potential —V, that 1is, a negative potential.
When upon rotation of the rotor in the direction
of the arrow, for example, a movable bar a passes
in front of member /, it is grounded through a
brush i and is given a positive charge Q. It car-
ries away this charge in its further movement
after contact with the brush i is broken while
its potential increases progressively owing to the
Influence of the fixed bars e of increasing poten-
tial. When it arrives in front of member g the
bar a is connected through a brush 7 with a
terminal 12 at potential 41U connected to the
apparatus utilizing the generated current.
Member ¢ is brought by a suitable device such as
an auxiliary generator 14 to a potential +U+V
exceeding by V the potential +U of brush 7.
The progressive potentials of bars e are thus
established. The bars a carry away after their
contact with brush j a charge which is substan-
tially equal to —Q and the potential of which
progressively decreases while the bars move
away from g and come nearer to f, sald charge
being finally transferred to ground through
brush i.

With a rotor of 10 centimetres diameter carry-
ing 30 bars of 10 centimetres length and 5 milli-
metres diameter a potential difference of 100
kilovolts was obtained between brushes i and j
in air at atmospheric pressure; the current sup-
plied was of 30 microamperes for a speed of
rotation of 3,000 R. P. M., the power of the ma-
chine thus being 3 watts. In compressed air
under a pressure of 6 atmospheres the voltage
reached 500 kilovolts and the intensity 0.15
milliampere at the same speed, the power thus
being 75 watts.

Ezxzample I1.—Machine with radially arranged
conducting members

In the machine shown in Figs. 3, 4 and 4b the
movable conducting bars are arranged radially in
a plurality of rows on the periphery of a cylin-
drical insulating hub.

The rotor which is shown alone in Fig. 3 is
formed of an insulating cylinder or hub k car-
ried by a shaft ! and provided with three rows
of conducting bars m the length of which is
substantially equal to the radius of hub k. The
cross-section of the conducting bars m varies
progressively along said bars : at the end se-
cured to the hub said section is an ellipse flat-
tened in the direction of the movement, the axis
parallel to the movement being the short axis,
and the ratio of the axes being for example 1 to 2.
In the direction outwardly along the bar to-
wards the free end the axis which is perpendicu-
lar to the movement does not change while the
other increases progressively so that the profile
progressively becomes circular then lengthens in
the direction of the movement. At the free end
the profile is elliptical, the longer axis being
parallel to the movement and the ratio of the two
axes being substantially equal to 2 to 1. The
bars are electrically connected in rows of three,
as shown in Fig. 4b, by conducting rods n which
pass through the insulating hub k. These rods
terminate in contact keys o.

In Fig. 4 only a few of bars m have been shown,
the positions of the others being indicated in dot
and dash lines in order to avoid crowding in the
drawing.

The stator as shown in Fig. 4b is formed of
four plates p of low conducting material be-
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tween which pass the movable conducting bars,
Said plates are provided with radial grooves w
as shown in Fig. 4, the outside plate p being
broken away to show also the bars m. Each of
these plates p carries two flat metallic members
r and 8 securing the charging and discharging
of the movable conducting bars. Members r are
brought by a suitable device, such as an exciter
20, to a potential —V, that is, a negative poten-
tial, while the movable bars m are grounded
through a brush ¢ when upon rotation of hub k,
for example in the direction of the arrow, Fig. 4,
they pass between sald members r so that they
are given a positive cha.ge Q. They carry away
this charge in their movement after breaking
connection with brush £ and their potential rises
progressively owing to the influence of the lower
stationary low conducting plates p. When the
bars m pass between members s at the right of
Fig. 4 they are brought into communication
through a brush u with a terminal at potential
+U connected to the apparatus utilizing the
generated current. By means such as an exciter
24 members s are brought to a potential +U+V
exceeding by V the potential +U of brush u so
that the bars receive a charge after breaking
connection with brush u which is substantially
equal to —Q, which charge they carry away and
transfer to brush ¢ when further rotated into
position to be connected to brush ¢.

With a rotor of 40 centimetres diameter carry-
ing 90 bars of 10 centimeters length in which the
axis perpendicular to the movement is 6 milli-
metres while the other axis varies radially along
the bar from 5 to 12 millimetres a difference of
potential of 200 kilovolts between brushes ¢ and
u was obtained in air at the atmospheric pres-
sure; the current supplied was of 120 micro-
amperes for a speed of rotation of 2,000 R. P. M.,
the power of the machine thus being around 24
watts. In compressed air under a pressure of 10
atmospheres a potential difference of 1,200 kilo-
volts was obtained between t and u with a cur-
rent of 0.7 milliampere, the power thus being
840 watts.

What I claim is:

1. An electrostatic machine with movable con-
ductive conveyor members influenced electri-
cally on both sides by stationary conductive
inductor members, in which said movable mem-
bers are formed of elongated conducting bars
having a cross section of continuously convex out-
ling transverse to the length thereof and insulated
from one another and the longitudinal axis of
which is perpendicular to the direction of their
displacement, the thickness of each bar measured
between two planes tangent to said bar and paral-
lel to the direction of displacement of the bar
being substantially equal to twice the distance
between a bar and the stationary members in-
fluencing the same.

2. An electrostatic machine with movable con-
ductive conveyor members influenced on one side
oniy by stationary conductive inductor members,
in which said movable members are formed of
elongated conducting bars having a cross section
of continuously convex outline transverse to the
length thereof and insulated from one another
and the longitudinal axis of which is perpendicu-
lar to the direction of their displacement, the
thickness of each bar measured between two
planes tangent to said bar and parallel to the
direction of displacement of the bar being sub-
stantially equal to the distance between a bar
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and the stationary member which influences the
same.

3. An electrostatic machine comprising at least
two main conductive inductor members sup-
ported in spaced relation to each other, a conduc-
tive conveyor member,
as a unit and said conveyor member being sup-
ported for movement relative to each other in
inductive relation to each other, said conveyor
member being of elongated form with the length
thereof extending in the direction transverse to
the direction of relative movement of said mem-
bers and having a cross section transverse to the
said length thereof the circumferential outline
of which enclosing said cross sect'on is of con-
tinuously convex curvature, an auxﬂlrx:ry inductor
member supported in the space between said main
inductor members adjacent the path of relative
movement of sald main inductor members and
said conveyor member and in inductive relation to
said conveyor member, sald conveyor member be-
ing continuously insulated from said inductor
meinbers, means for maintaining sald main in-
ductor members at substantially different poten-
tials, means for maintaining sa‘d auxiliary induc-
tor member at an intermediate potential, & dis-
charge terminal, an auxiliary terminal, means for
connecting sald auxiliary terminal to said con-
veyor member at the position in which said con-
veyor member is adjacent said main inductor
member of lower potential, and means for con-
necting said discharge terminal to said conveyor
member at the position in which said conveyor
member is adjacent said main inductor member
of higher potential.

4. An electrostatic machine comprising at least
two main conductive inductor members sup-
ported in spaced relation to each other, a con-
ductive conveyor member, said inductor mem-
bers as a unit and said conveyor member being
supported for movement relative to each other
in inductive relation to each other, said con-
veyor member being of elongated form with the

length thereof extending in the direction trans- .

verse to the direction of relative movement of
said members and having a cross section trans-
verse to the sald length thereof the circumferen-
tial outline of which enclosing said cross section
is of continuously convex curvature, a plurality
of auxiliary conductive inductor members sup-
ported in the space between said main conductive
inductor members adjacent the path of relative

movement ‘of said main inductor members and’

said conveyor member and in inductive relation
to said conveyor member, sald conveyor member
being continuously insulated from said inductor
members, means for maintaining said inductor
members at substantially different potentials,
means for msaintaining said auxiliary inductor
members at potentials varying from one to the
other progressively between the potentials of said
main inductor members, & discharge terminsal, an
auxiliary terminal, a brush connected to sald
auxiliary terminal and supported for connection
with said conveyor member at the position in
which said conveyor member is adjacent said
inductor member of lower potential, and a brush
connected to said discharge terminal and sup-
ported for connection with said conveyor mem-
ber at the position in which said conveyor mem-
ber is adjacent said main inductor member of
higher potential for discharge to said higher po-
tential terminal of the charge induced upon said
cOnveyor.

5. An electrostatic machine comprising a rotor

said inductor members
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supported for rotation upon an axis, at least two
main conductive inductor members supported in
spaced relation to each other circumferentially
about sald axis, a conductive conveyor member
carried by said rotor for movement thereof as
said rotor rotates and in inductive relation suc-

.cessively to said inductor members, said con-

veyor member being of elongated form with the
length thereof extending transversely of the cir-
cumferential direction of movement of said con-
veyor member, sald conveyor member having &
cross section transverse to said length thereof
the circumferential outline of which enclosing
said cross section is of continuously convex curva-
ture, & plurality of auxiliary inductor members
respectively disposed at opposite sides of said axis
between said main inductor members adjacent
the path of movement of said conveyor member
and in inductive relation thereto, said conveyor
member being continuously insulated from said
inductor members, means for maintaining said
main inductor members at substantially different

" potentials, means for maintaining said auxiliary

25

30

inductor members respectively at potentials vary-
ing progressively between the potentials of said
main inductor members, a discharge terminal,
an auxillary terminal, means for connecting said
auxiliary terminal to said conveyor member at
the position in which said conveyor member is
adjacent said inductor member of lower poten-
tial, and means for connecting said discharge
terminal to said conveyor member at the position

_in which sald conveyor member is -adjacent said

main inductor member of higher potential.

8. An electrostatic machine as defined in claim
4 which comprises resistors connecting said aux-.
iliary inductor members in series with each other
and with said main inductor members to pro-

. vide a potential gradient upon said auxiliary

inductor members extending between the poten-
tials of said ma‘n inductor members.
7. An electrostatic machine comprising at least

 two main conductive inductor members supported
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in spaced relation to each other, a conductive
conveyor member, said inductor members as a
unit and said conveyor member being supported
for movement relative to each other in inductive
relation to each other, said conveyor member
being of elongated form with the length thereof
extendine in the direction transverse to the di-
rection of relative movement of said members
and having a cross section transverse to the said
leneth thereof the circumferential outline of
which enclosing said cross section is of continu-
ously convex curvature, an auxiliary inductor
member supported in the space between said main
inductor members adjacent the path of relative
movement of said main inductor members and
said conveyor member and in inductive relation
to said conveyor member, said conveyor member
being continuously .insulated from said inductor
members, means for maintaining said main in-
ductor members at substantially different poten-
tials, said auxiliary inductor member being in
contact with and continuous between said main
inductor members and being formed of a mate-
rial of low conductibility capable of providing
a potential gradient therethrough substantially
equal to the difference of potential between said
main inductor members, a discharge terminal,
an auxiliary terminal, means for connecting said
auxiliary terminal to sald conveyor member at
the position in which said conveyor member is
adjacent said main inductor member of lower po-
tential, and means for connecting said discharge
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terminal to sald conveyor member at the position
in which sald conveyor member is adjacent said
main inductor member of higher potential.

8. An electrostatic machine as defined in claim
7 in which said auxillary inductor member pro-
vides a generally continuous surface parallel to
the direction of movement of said conveyor mem-
ber, sald surface being formed with grooves there-
in extending along sald surface in the direction
‘perpendicular to the direction of relative move-
ment of said conveyor and sald main inductor
members.

9. An electrostatic machine comprising a rotor
supported for rotation upon an axis, at least two
main conductive Inductor members supported in
spaced relation circumferentially about said axis,
a conductive conveyor member carried by said
rotor for movement thereof about sald axis as
said rotor rotates and in inductive relation suc-
cessively to said inductor members, said con-
veyor member being of elongated form with the
length thereof extending transversely of the cir-
cumferential direction of movement of said con-
veyor member, said conveyor member having a
cross section transverse to said length thereof the
circumferential outline of which enclosing said
cross section is of continuously convex curvature,
a plurality of auxiliary inductor members sup-
ported in each of the spaces between said main
inductor members at opposite sides of said axis
adjacent the path of movement of said conveyor
member about said axis and in inductive relation
to said conveyor member, said conveyor member
being continuously insulated from said ihductor
members, means for maintaining said main in-
ductor members at substantially different poten-
tials, means for maintaining said auxiliary in-
ductor members at the resnective sides of said
axis respectively at potentials varying progres-
sively between the potentials of said main in-
ductor members, a discharge terminal, an auxil-
iary terminal, means for connecting said auxil-
iary terminal to said conveyor member at the
position in which said conveyor member is ad-
jacent said inductor member of lower potential,
and means for connecting said discharge termi-
nal to said conveyor member at the position in
which sald conveyor member is adjacent said
main inductor member of higher potential.

10. An electrostatic machine comprising a ro-
tor supported for rotation upon an axis, at least
two main conductive inductor members supported
in spaced relation to each other circumferentially
about said axis, a plurality of conductive con-
veyor members carried by said rotor in spaced
relation to each other circumferentially about
the axis of the rotor for movement thereof as
said rotor rotates in inductive relation succes-
sively to said main inductor members, sald con-
veyor members being of elongated form with the
lengths thereof extending parallel to said axis
‘of said rotor and having a cross section trans-
verse to said length thereof the circumferential
outline of which enclosing cross section is of
continuously convex curvature, a plurality of
auxiliary conductive inductor members disposed
in each of the spaces at opposite sides of said
axis between sald main inductor members ad-
Jacent the path of movement of said conveyor
members and in inductive relation thereto, said
auxiliary inductor members being of elongated
form with the lengths thereof extending generally
parallel to said axis of said rotor and having a
cross section transverse to sald lengths thereof
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sald cross section is of continuously convex cur-
vature, sald conveyor members being continu-
ously insulated from said Inductor members,
means for maintaining said main Inductor mem-
bers at substantially different potentials, means
for maintaining the auxiliary inductor mem-
bers In each of sald spaces at opposite sides of
sald axis at potentials varying from one to the
other progressively between the potentials of said
main inductor members, a discharge terminal,
an auxiliary terminal, means for connecting said
auxiliary terminal in succession to sald conveyor
members at the position in which said conveyor
members are adjacent said inductor member of
lower potential. and means for connecting said
discharge terminal in succession to sald conveyor
members at the position in which said conveyor
members are ad’acent said main inductor mem-
ber of higher potential,

11. An electrostatic machine comprising a ro-
tor supported for rotation on an axis, at least two
main conductive inductor members supported in
spaced relation circumferentially about said
axis, a plurality of conductive conveyor members
carried by said rotor In spaced relation to each
o*her about sald axis for movement thereof as
sald rotor rotates in inductive relation succes-
sively to said inductor members, sald conveyor
members being of elongated form with the
lengths thereof extending generally radially out-
wardly of the rotor with respect to said axis and
having a cross section transverse to the length
thereof the circumferential outline of which en-
closing said cross section is of continuously con-
vex curvature, auxiliary inductor members sup-
ported respectively in the spaces at opposite sides
of said axis between said main inductor members
adjacent the path of movement of said conveyor
members about said axis and in Inductive rela-
tion thereto, said conveyor members being con-
tinuous’y insulated from said inductor mem-
bers, means for maintaining said main inductor
members at substantially different potentials,
means for maintaining in said auxiliary inductor
members in each of sald spaces a potential gra-
dient varying progressively between the poten-
tials of said main inductor members, a discharge
terminal, an auxiliary terminal, means for con-
necting said conveyor members in succession to
said auxiliary terminal at the position in which
said conveyor members respectively are adjacent
said inductor member of low potential, and
means for connecting said conveyor members in
succession to said discharge terminal respectively
at the position in which said conveyor members
are adjacent said main inductor member of
higher potential.

12, An electrostatic machine as defined in
claim 11 in which said cross section of said ra-
dially extending conveyor members transversely
of the radial extent thereof is of less dimension
in the direction of circumferential movement

5 thereof about said axis in the portion thereof in-

wardly disposed toward said axis than the di-
mension thereof in said circumferential direction
in the portion thereof outwardly disposed with
respect to said axis, said conveyor members along
the length thereof being of substantially uniform
dimension parallel to said axis.

13. An electrostatic machine as defined in
claim 10 in which said main conductive inductor
members are formed with the dimension thereof

75 which extends circumferentially about said axis
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sufficient to span a plurality of said conductive
conveyor members of said rotor.
14. An electrostatic machine as defilned in
claim 5 in which said conveyor member of elon-
gated form has its cross section of continuously

convex curvature constant along the length

thereof.

15. An electrostatic machine as defined in
claim 9 in which said auxiliary inductor mem-
bers are of elongated form disposed with the

10

length thereof. extending transversely of the -

circumferential direction of movement of said
conveyor member.

16. An electrostatic machine which comprises
a plurality of elongated conductive conveyor bars
supported in insulated relation and in spaced
relation to each other circumferentially about an
axis of rotation and having their lengths extend-
ing generally parallel to said axis to form a
squirrel cage rotor rotatable on said axis, a con-
tact member for each bar electrically connected
thereto and rotatable therewith about said axis,
a pair of brushes disposed in spaced relation to
each other about said axis and for contact with
said contact members in succession in the rota-
tion of said rotor, a cylindrical stationary sleeve
of insulating material coaxial with said axis of
rotation, a plurality of elongated conductive in-
ductor bars supported by said sleeve in spaced
relation about and with their lengths extending
parallel to said axis of rotation and adjacent
the circumferential path of movement and in
inductive relation to said conveyor members of
said squirrel cage rotor, resistors connected be-
tween adjacent inductor bars circumferentially
about said axis, and means for maintaining at
substantially different potentials the conductive
inductor bars which are adjacent the positions of
said squirrel cage conveyor bars at which the
conductor members electrically connected there-
to are in contact with the respective brushes.

17. An electrostatic machine comprising a ro-
tor supported for rotation on an axis, a plurality
of conductive conveyor members carried by said
rotor, said conveyor members being of elongated
form with the lengths thereof extending generally
radially outwardly of the rotor with respect to
said axis and having a cross section transverse
to the length thereof the circumferential out-
line of which enclosing sald cross section is of
continuously convex curvature, said conveyor
members being arranged in a plurality of rows
spaced along said axis, the conveyor members
in each row being in spaced insulated relation to
each other about said axis, a plurality of sta-
tionary flat rings of low conductibility material
having opposite faces thereof generally parallel
and supported at either side of each of said rows
of conveyor members with said faces thereof in
planes transversely of said axis of rotation, and
at least two conductive inductor members earried
by each of sald flat rings at opposite sides of said
axis, sald inductor members having the faces
thereof in planes transverse to sald axis and of
such extent and being so positioned that said
conveyor members upon rotation of the rotor and
moving between said rings pass in inductive rela-
tion to said inductor members.

18. An electrostatic machine which comprises
a plurality of elongated conductive conveyor bars
supported In insulated relation and in spaced
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relation to each other circumferentially about -
an axis of rotation and having their lengths ex-
tending generally parallel to said axis to form a
squirrel cage rotor rotatable on sald axis, a con-
tact member for each bar electrically connected
thereto and rotatable therewith about said axis,
a pair of brushes in spaced relation to each other
about sald axis and for contact with said contact
members in succession in the rotation of said ro-
tor, a cylindrical stationary sleeve of low conduct-
ibility material coaxial with said axis of rotation,
and means for maintaining at substantially dif-
ferent potentials the portions of said sleeve
which are adjacent the positions of said squirrel
cage conveyor bars at which the conductor mem-
bers electrically connected thereto are in contact
with the respective brushes.

19. An electrostatic machine comprising at
least two main conductive inductor members
supported in spaced relation to each other, a
plurality of conductive conveyor members sup-
ported in insulated relation to each other and
to said inductor members and in spaced relation
to each other in the direction generally parallel
to the spacing of said main inductor members,
said inductor members as a unit and said con-
veyor members as a unit being supported for
movement relative to each other to move said con-
veyor members into and out of inductive relation
successively to said main inductor members, said
conveyor members being of elongated form with
the lengths thereof extending in the direction
transverse to the direction of relative movement
of sald units and each having a cross section
transverse to said length thereof the circumfer-
ential outline of which enclosing said cross sec-
tion is of continuously convex curvature, an aux-
iliary inductor member supported in the space
between said main inductor members adjacent
the path of relative movement of said units and
for movement of said conveyor members in suc-
cession into and out of inductive re'ation to said
auxiliary inductor member, means for maintain-
ing said main inductor members at substantially
different potentials, means for maintaining said
auxiliary inductor member at an intermediate
potential, a discharge terminal, an auxiliary ter-
minal, means for connecting said auxiliary ter-
minal to said conveyor members in succession at
the position of each conveyor member in which -
it is adjacent said main inductor member of
lower potential, and means for connecting said
discharge terminal to said conveyor members in
succession at the position of each conveyor mem-
ber in which it is adjacent said main inductor
member of higher potential.
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