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1

This invention relates to apparatus or system
for spraying charges upon and removing charges
from the movable charge carrier of a high-volt-
age electrostatic apparatus,

In order that the principle of the invention
may be readily understood, we will, without lim-
iting ourselves thereto, set forth one embodi-
ment of means constituting said apparatus or
system by which the invention may be practised.

In electrostatic generators of the Van de Graaff
type, such as shown in the United States patent
to Robert J. Van de Graaff, No. 1,991,236, dated
February 12, 1935, electric charge is deposited
by a corona mechanism on a rapidly moving in-
sulating belt and carried physically to the high-
voltage terminal. There it is removed by a
charge collector which also employs the corona
mechanism. Similarly, the descending run of
the belt may have charge sprayed on it within
the terminai which is physically carried down
io ground potential, where it is removed in like
fashion.

The method which is generally employed for
spraying and removing electric charges from
such belt conveyors makes use of s row of metal-
lic corona points which are directed at the in-
sulating belt and which row extends across the
width of the belt. The spraying of a charge on
the belt is accomplished by causing a potential
difference to exist between these points and the
pulley over which the belt passes. That is, there
i5 caused an electric gradient in the region of the
corona points sufficient to produce ionization of
the gas, and to cause the movement of ions be-
tween the corona or transferring points and the
surface of the charge carrier. The high gradi-
ent in the region of the points due to their
geometry causes ionization of the gas and the
movement of ions to and away from the corona
points, depending on the polarities involved. If
the points are negative, for example, negative
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ions are directed away from the points toward -

the rulley of the insulating belt, but are inter-
cepted by the said intervening insulating belt
and carried away. The spraying on of an elec-
tric charge is always accomplished in the vicinity
of the raid pulley or other metallic electrode
adiacent to the belt.

For the removal of an electric charge, a simi-
lar arrangement of metallic corona points ex-
tending across the width of the insulating belt
is employed. In this situation, however, the re-
moving of a charge is accomplished in a region
which is remote from the belt pulley or other
metallic electrode, since it is desired that the
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capacitance between the charged belt surface
and the collecting electrode system be small.
When this is the case, the charge density on the
belt results in a high difference of potential be-
tween this charged surface and the row of me-
tallic corona points, which in turn produces a
high electric gradient in the region of the said
points and ionization of the surrounding gas, as
stated. The availability of ions in this local
electric fleld results in the flow of an electric
charge toward the belt, which flow just neu-
tralizes the charge on the belt, and a corre-
sponding flow of lons of the opposite sign to-
ward the said corona points. Thus the charge
on the insulating belt is neutralized and the
the points collect a current equal to the rate at
which charge is brought.

The said method of charge-spraying and
charge-removing has been found to be satisfac-
tory at atmospheric pressures, but becomes less
satisfactory when gas pressures of many atmos-
pheres are used to insulate the electrostatic gen-
erator, In particular, the performance of these
conventional corona points becomes unsatisfsc-
tory when the point is of positive polarity and
when the gas pressure is higher than the spark-
ing point in the positive point-to-plane charac-
teristic, which for air is about 16¢ pounds per
square inch.

In addition to the difficulty caused by this pos-
itive point-to-plane effect, which will be de-
scribed in detail presently herein, the perform-
ance of corona points is less satisfactory at high
pressures because the individual corona poinis
may be called upon to spray or collect a larger
current due to the higher current capacity of
the insulating belt at elevated pressures. More-
over, for electrostatic generators operating at
high pressures the electric gradients are gen-
erally higher, so that a greater requirement ex-
ists in such devices for high insulating strength
and complete control of conditions of ionization.

The positive point-to-plane phenomenon will
now be described.

In general, if a metal point be directed at a
plane and be maintained at a constant positive
voltage, a current will flow between the point
and the plane because of the ionization of the
gas in the vicinity of the said point. This cur-
rent will become measurable at 2 definite volt-
age difference called the “corona onset voltage,”
which depends upon the pressure of the gas and
the point-to-plane spacing as well as the sharp-
ness of the metal point. As the voltage is in-
creased beyond this onset value, the current in-
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creases rapidly until ultimately a voltage value

is reached at which a spark will pass, In the

normal spraying and charge-removing process,
the corona points are operated in this interme-
diate region, In which a steady unidirectional
flow of current can be obtained from the said
point.

As the pressure of the gas Increases, a
higher voltage is required to initiate corona,
and sparkover likewise takes place at a still
higher value. For a positive corona point this
progressive increase in both corona onset voltage
and sparkover voltage continues with pressure
until the sparking point in the positive point-to-
plane characteristic is reached (for about 160
pounds per square inch), whereafter the spark-
over voltage diminishes markedly and only ex-
ceedingly small corona currents can be obtained
from the point before sparkover, as will be sub-
sequently referred to in connection with the
drawings. For electrostatic generators operat-
ing at pressures above such sparking point, it is
evident that the process of spraying and remov-
ing a charge is severely handicapped whenever
the points are of positive polarity. This limita-
tion is not observed when the points are of nega-
tive polarity.

We have found that these difficulties can be
overcome, and steady, sparkless, transfer of elec-
tric charges can be effected between metallic,
conducting or semi-conducting corona points and
an Insulating belt or other insulating, movable
charge-carrier regardless of the pressure of the
gas or of the polarity of the corona points.

Our herein disclosed system or method for ac-
complishing this makes use of an exceedingly
Jarge number of metallic conducting or semi-
conducting corona points compared to the num-
ber conventionally used, the points themselves
being spaced very close to the electrically charged
surface of the belt and indeed virtually in con-
tact therewith. 'The said corona points, of con-
ducting or semi-conducting material, are closely
adjacent in a line transverse to the direction of
motion of the belt or other charge-carrier, and
are virtually in contact with the surface of the
charge-carrier. For the charge-spraying oper-
ation this is the principal requirement, although
we have also found it useful to arrange the said
individual metal coronsa points in such a way
that they are spaced from each other and have
considerable impedance to their common electri-
cal connection.

In the case of corona points used for charge-
removing, we have found it desirable addition-
ally to control the eleciric fleld due to the belt
charece, by means of a conductineg or semi-con-
ducting member constituting a fleld-controlling
member. The surface of this fleld-controlling
member is arranged so as gradually to approach
the belt surface. This arrangement keeps the
charge on the belt until it comes opposite the
points mounted on the trailing edge of the shield-
ing surface provided by the fleld-controlling
member. The minimum spacing of the shield
and also of the corona poinfs from the belt is
about equal to the spacing befween the points
themselves, or less. 'The effect of this arrange-
ment is to keep the potential difference between
the charged belt and the collecting member small
until the charge comes under the influence of the
charge-removing points.

Under proper shielding conditions each corona
point collects a fraction of a microampere of
current from its portion of the belt width. The

multiple point system may, in accordance with
our invention, be constructed in both charge-
spraying and charge-removing cases, of parallel
5-mil wires (005 of an inch), which are, for ex~
ample, spaced from each other with about fifty
wires per linear inch of the belt. Impedance
may be introduced by kinking or curling or other-
wise bending or deforming from a straight axial

" line these individual wires before they are at-

10

18

35

40

70

{ ]

tached to the solid metal bar which holds them.
The impedance may also, in accordance with our
invention, be introduced by connecting these in-
dividual wires through a high-resistance element
to the common metallic bar. Alternatively a
fairly satisfactory construction, which is within
the scope of our invention, has been to use a 50~
mesh wire screen, the corona point-providing
edge of which is held in almost touching contact
with the charged belt surface. The wave of the
individual wires constituting the said corona
points is sufficient to introduce considerable im-
pedance to the high-frequency transients char-
acteristic of ionization phenomena. These con-
structions will be more specifically referred to in
connection with the drawings.

Tt is evident that other constructions may be
used within the scope of our invention to ac-
complish these results.

The essential features of the invention in the
order of importance are (a) the use of multiple
corona points of conducting or semi-conducting
material, far in excess of the number ordinarily
used.and virtually in contact with the electrically
charged surface, (b) the introduction of im-
pedance in series with the individual spaced
corona points, and (¢) in the case of charge-re-
moving corona points, the localization of the
electric field due to the charge on the belt as it
approaches the charge-removing corona points.

The following inventive results are attained by
the herein disclosed system or method and appa-
ratus: (a) a positive charge can be sprayed on
and a negative charge can be taken off an insu-
lating belt or other insulating charge-carrier,
even at elevated gas pressures well above the
herein before referred to sparking point in the
point-to-plane characteristic; (b) the flow of
current to and from the corona points remains
the steady flow characteristic of corona rather
than the discontinuous flow characteristic of re-
peated sparkover, and since the density of ioniza-
tion in the core of the spark may be several orders
of magnitude greater than the density of ioniza-
tion in coronsa flow, this novel system or method
and apparatus which maintains corona flow, has
advantages in less destructive effect both on the
gas molecules, on the belt material and on the
corona points themselves, it also having advan-
tages in greater steadiness than could be ob-
tained with intermittent sparkover; (c) the effect
of multiple corona points in close spacing to the
belt or charge-carrier is to reduce the energy ap-
pled to the ionization of the gas and to distribute
this reduced energy among the greater number of
corona points, this resulting in reduced decom-
position of the gas and surrounding materials;
(d) the ionization is also conflned to a more lo-
calized region of the belt or charge-carrier than
would be the case with larger spacings, this hav-
ing the advantage of keeping such region of ioni-
zation further removed from the portion of the
belt or charge-carrier which is subjected to high
electric gradients because of the generator ter-
minal voltage.
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In the drawings: :

Fig. 1 is a view, mainly in vertical transverse
section, showing one type of high-voltage electro-
static generator employing a charge-carrying belt
and representing one form of the invention;

Plg. 2 is a detail indicating the system or
methed herein disclosed of establishing electric
charges on the lower end of the upwardly travel-
ing belt;

Fig. 3 is a detail in trans;verse section through
both runs of the belt and indicating somewhat
diagrammatically a row of charge-transferring
means, either the charge-spraying means or the
charge-removing means: S

Pig. 4 is a diagram indicating the positive
point-to-plane characteristic;

Pig. 5 is a detall in vertical section of the field-
controlling member closely adjacent the belt sur-
face and having a row of charge-removing points
at the trailing upper edge thereof:

Figs. 6, 7 and 8 are diagrammatic views of three
different forms or types of impedance employed
with the charge-transferring points; and

Fig. 9 is a diagrammatic detail indicating a
fine-mesh wire screen, the edge whereof is held
in almost touching contact with the charge belt
surface and constitutes charge-transferring
points.

Referring to the drawings, and first to Fig. 1
thereof, therein is shown such parts of an elec-
trostatic generator as are necessary to an under-
standing of this invention. The said generator
is of the type shown in the patent to John G.
Trump, No. 2,252,668, August 12, 1941, The in-
vention herein claimed may be applied to the
sald type of electrostatic apparatus, but our in-
vention is not necessarily limited to use with such
type of apparatus.

In said Fig. 1, the electrostatic generator com-
prises the main high-potential electrdde ¢ con-
sisting of a hollow shell of conducting material,
such as brass, this being of a generally rounded
and approximately hemispherical shape and free
from cxternal projections. The electrede rests
on a ring 2 of conductive metal, the cuter exposed
surface of which is rounded, the said ring, in turn,
being mounted on the top of any suitable num-,
ber, such as three, of spaced elongated pillars or
columns, which may be similar to those in the
said patent to Trump, said pillars or columns be-
ing of insulating material of high dielectric
strength.

The bases of these columns rest on the base
plate 3 of conductive material which is supported
by suitable brackets attached to the inner walls
of a tank 4 which provides a chamber completely
enclosing all the parts of the generating appa-
ratus, but leaving a substantial clearance be-
tween its walls and the electrode and insulating
columns. The said tank is desirably filled with
a gas of many atmospheres pressure which, for
air, may be about 400 pounds per square inch.
Pressures may be employed, in the practice of
our invention, which are above the said spark-
ing point in the positive point-to-plane charac-
teristic.

The charge-carrier may be of any suitable type,
but is herein shown as in the form of an endless
belt § of such construction that the charges on
its surface are longitudinally insulated from each
other, the belt herein being of insulating mate-
rial, such as a multiple-ply rubber fabrie. At its
lower end the belt passes over a metallic driving
pulley 8 journaled in suitable brackets on the base
plate, so that the pulley has a grounded connec-

;]

tion, as-indicated. The said pulley is driven by a
suitable motor not herein illustrated, o which
current is supplied by conductors entering the
walls of the tank through a suitable bushing.

The belt § runs vertically upward and then
downward in a parallel line, passing into and out
of the hollow electrode ¢ and over a metallic pul- -
ley T within the electrode shell, the said pulley 7

~being Jjournaled in or insulated from suitable

10

brackets supported by the ring 2 in a manner
not necessary to illustrate or to refer to further.
At the lower end of the belt 5 charges of one

~ slgn are established on the moving belt, and at
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its upper end the charges carried thereby are re-
moved and transferred to the electrode 1. Si-
multaneously charges of opposite sign are trans-
ferred through the electrode 1 to the belt § at
its upper end and are carried away by the de-
scending run to the lower end of the belt, where
they are removed.

The system or method employed by us of apply-
ing charges to the belt and for removing charges
therefrom is indicated more particularly in Figs.
2, 3 and 5 of the drawings. In accordance with
our invention we employ charge-transferring
means, which term is herein employed broadly to
designate either the charge-spraying means or
the charge-removing means, or both of such
means. Heretofore a series of corona points was
employed both for charge spraying and for charge
removing, but the said points were relatively far
apart, being as much as about one-quarter to
one-half of an inch apart and terminating about
one-sixteenth to one-eighth of an inch from the
surface of the belt. In accordance with the pres-
ent invention, the metallic, conducting or semi-
conducting, corona points, which extend entirely
across the width of the belt § in a direction trans-
verse to the direction of motion of the said belt,
are of an exceedingly large number compared
with the number heretofore used, as, for ex-
ample, fifty per linear inch transversely of the
belt 8. They are such in number per linear inch
8s Is sufficient, in a gas at many atmospheres, to
deliver an approximately uniform density of elec-
trie charge across the width of the charge con-
veyor in a steady sparkless manner notwithstand-
ing the high gas pressure and regardless of po-
iarity. Moreover, the said points are spaced very
close to the electrically charged surface of the
belt §, being virtually in contact therewith. In
the operation of the apparatus they may become
very slightly spaced from the belt. The actual
number of corona points per linear inch across
the belt, both for charge-spraying and for charge-
removal, must as a minimum be such that the dis-
tribution of charge across the width of the belt
will be substantially uniform with the said points
in close proximity. With such close spacing, many
points per linear inch of belt width are required
to effect this result. It is our belief, based upon
our tests, that the corona points should probably
be separated by an amount which is as near to
the point-of-belt-separation as possible, which is
elsewhere herein defined as not more than about
0.02 of an inch from the electrically charged sur-
face of the moving charge carrier.

The purpose of employing the greatly increased
number of conducting or semi-conducting corona
points both for charge-spraying and for charge-
removal and the positioning of the points virtually
in contact with the surface of the belt is, as here-
inbefore set forth, to overcome the difficulties
which have heretofore arisen if the pressure of

756 the gas within the tank 4 is increased. As the
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pressure of the gas increases, a higher voltage is
required to initiate corona, and sparkover takes
place at a still higher value. The corona under
said voltage depends upon the pressure of the gas
and the point-to-plane spacing as well as the
sharpness of the metal conducting or semi-con-
ducting, corona points. As the voltage is in-
creased beyond this onset value the current in-
creases rapidly until ultimately the voltage value
is reached at which a spark will pass. The diffi-
culties heretofore experienced when employing
high gas pressures are overcome by our invention,
and steady, sparkless transfer of electric charges
can be effected between the metallic conducting or
semi-conducting, corona points and the belt §
regardless of the pressure of the gas or of the po-
larity of the corona points. An example of a well
known semi-conducting material suitable for the
purposes referred to is synthetic rubber contain-
ing an appropriate amount of fine carbon par-
ticles.

Referring to Fig. 2, one of the said charge-
spraying corona points is indicated at 8 and the
transverse row thereof is disgrammatically indi-
cated in Fig. 3. The said conducting or semi-con-
ducting corona points 8 are very closely spaced
and extend across the entire width of the belt 5
and virtually into contact therewith. It is im-
possible to represent, in a drawing upon the scale
of Fig. 3, the number of the said points, but, as
‘hereinbefore stated, they consist of an exceed-
ingly large number compared with the number
heretofore used, and may, for example, be as
numerous as fifty per linear inch of the belt, and

they are, as stated. of conducting or semi-con-

ducting material, They are carried by or extend
from a common electrical connection indicated at
9 in Fig. 2, and also in Figs. 6, 7 and 8. Desirably
all of the said charge-spraying poinis as well as
the charge-removing points have a connection of
considerable impedance to their common electri-
cal connection, shown at 8, for the charge-spray-
ing points. Such impedance may take the form
of a resistance for each of the points, as indicated
at 10 in Fig. 6, or an inductance as indicated at
{1 in Pig. 7, or the wires constituting the corona
points may be kinked or waved as indicated at 12
in Fig. 8 to provide impedance. That is, the in-
ductive impedance may be achieved by kinking or
twisting or coiling the wires which terminate in
the corona points.

In Fig. 6 the resistors are in series with each
point; in Fig. 7 the inductance is in series with
each point; and in Fig. 8 the individual wires are
kinked, twisted or coiled to provide the inductive
impedance. The frequency components of a
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spark discharge can be reduced or prevented by

the introduction of impedance In series with each
individual point, which impedance is in faect very
high. As a result, even the small inductance
caused by bending the individual wires into com-
plete or partial loops will be effective in retard-
ing the development of high current transients.
Such departure from a straight wire can be ac-
complished even though the wires are closely
spaced with respect to each other, as herein dis-
closed, by producing them in a plane which is
transverse to the plane of the conducting points.

For the removal of electric charges, a like ar-
rangement of very closely spaced, metallie, con-
ducting or semi-conducting, corona points ex-
tending across the entire width of the belt 5 is
employed and, as in the case of the charge-spray-
ing points, the charge-removing points are vir-
tually in contact with the surface of the belt 5.

as

70
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As heretofore stated, the removing of a charge
is accomplished in a region which is remote from
the belt pulley or other metallic electrode.

In the case of the corona points used for
charge-removing, we have discovered that it is
very desirable to control the electric fleld, due to
the belt charge, by means of a conducting or semi-
conducting member constituting a fleld-control-
ling member. One form of such a member is in-
dicated at {3 in Pig. 5. This member is suitably
supported by a metal bracket 14, to which it may
he secured by a suitable number of holts 18 ex-
tending through the bracket I4 and through a
metal bar or plate 1§8°. The bracket i4 is sup-
ported in any suitable manner from the ring 2,
as by means of a suitable number of wing nuts
16. It will be noted that the form of the fleld-
controlling member 13 is such that its upper por-
tion is parallel with and exceedingly close to the
surface of the belt §, but that its lower portion,
indicated at i7, is at an incline to the surface of
the belt, so that the surface f71 of the fleld-con-
trolling member {3 gradually approaches the sur-
face of the belt §. This construction, by provid-
ing a high capacitance and uniform fleld to the
electrically charged belt, tends to keep the charge
on the belt 5 until it comes opposite the charge-
removing points 18, which are of the same char-
acter as those shown in Fig, 3, and which charge-
removing points I8 are mounted on what may
be termed the trailing edge of the shielding sur-
face that is provided by the said fleld-controlling
member {3. The inclined or gradually approach-
ing portion (T of the field-controlling member
13 is, of course, anterior to the area of location
of the charge-removing points 18. The minimum
spacing of the shield or fleld-controlling member
i3 and of the charge-removing points (8 from
the belt 5 may be such as just to avold touching
the belt and may be about equal to the spacing
between the points themselves. The effect of
the described arrangement is to keep the poten-
tial difference between the charge-belt and the
collecting member as small and as uniformly dis-
tributed as possible, until the charge comes under
the influence of the charge-removing points (8.

Instead of employing corona points as de-
seribed, which are very slightly spaced from each
other (as, for example, .02 of an inch) and indi-
vidually extending from the common metallic bar,
such as indicated at 9 in Figs. 2, 6, 7 and 8, either
the said charge-spraying or the charge-removing
points, or both, may be formed as a fine-mesh
wire screen, such, for example, as a fifty-mesh
wire screen, indicated at 18 in Fig. 9. Such
screen, when used as charge-removing points, is
received between the top surface of the fleld-con-
trolling member I3 and the overlying bar 1%,
Fig. 5. In the event of the use of a fine-mesh
wire screen, the wave of the individual wires
thereof that constitute the corona points is sufi-
cient to introduce considerable impedance.

‘While other constructions than those hereto-
fore specifically referred to may be used to ac-
complish the purposes and results of the inven-
tion, an underlyving feature of the invention is
the employment of multiple corona points of con-
ducting or semi-conducting material far in ex-
cess of the number ordinarily used and virtually
in contact with the electrically charged surface
of the belt §, As stated, it is exceedingly desir-
able to introduce impedance between the said
corona points and their common metallic sup-
port. In the case of the charge-removing points,
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the disclosed construction (particularly illus-
trated in Fig. 5) effects the localization of the
electric fleld, due to the charge on the belt § as
. the charge approaches the charge-removing coro-
na points 18.

‘We have hereinbefore referred to the positive
point-to-plane phenomena. This is diagram-
matically indicated in Fig. 4, wherein the point-
to-plane characteristic is indicated, as well as the
voltage and the gas pressure.

By our invention positive as well as negative
charges can be sprayed on and negative as well
as positive charges can be taken off a charge-
carrier even at elevated gas pressures well above
the said sparking point in the positive point-to-
plane characteristic. The flow of current to and
from the corona points, in the practice of our

10

15

invention, remains the steady flow character--

" istic of corona rather than the discontinuous
flow characteristic of repeated sparkover. The
effect of multiple corona points in very close
spacing, as herein disclosed, is to reduce the
energy applied to the ionization of the gas and
to distribute this reduced energy among the
greater number of corona points. The jonjzation

. Is confined to a more localized region of the belt
than would be the case with the hereinbefore
employed much larger spacings between the
corong points.

‘We have herein disclosed a system or method
of spraying and of removing charge from =a
charge-carrier, such as & moving belt of insulat-
ing material, which system or method is particu-
larly suitable for electrostatic generators operat-
ing in high gas pressures and/or gas at many
atmospheres pressure, in which the steady, spark-
less flow of current between the belt and the
charge-spraying or charge-removing means fis
accomplished by the use of a relatively large
number of sharp corona points-per inch of belt
width, such corona points being of conducting or
semi-conducting material and being close to and
virtually touching the electrically charged sur-
face of the belt, the said points being spaced from
one ancther and having a connection of con-
siderable impedance to their common electrical
connection. As fully hereinbefore explained the
electric field is Jocalized in the case of the charge-
removing points due to the charge on the arriv-
ing portion of the belt §, as indicated in Fig. 5.

It is to be understood that in accordance with
our invention, in the process or method of spray-
ing charge on the endless belt 5 or other charge-
carrier, the potential diflerence is applied from
a small fransformer rectifier (not shown), which
is either in series with the conducting or semi-
conducting corona points and looking toward a
grounded pulley, or is applied to an insulated
pulley with the said corona points connected to
ground. o

It is also to be understood that each of the
corona points herein disclosed desirably consist
of a wire not exceeding approximately 010 of an
inch in diameter, and that they may be as small in
diameter as .005 of an inch, and that in number
they are approximately fifty per transverse linear
inch of the endless belt or charge-carrier, and
that they are spaced not more than about 0.02

of an inch from the electrically charged surface.

of the moving charge carrier.

Having thus described one embodiment of the
' invention and the best way known to us for
practising the same, it is t0 be understood that
although specific terms are employed, they are
used in a generic and descriptive sense and not
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for purposes of limitation, the scope of the inven-
tion being set forth in the following claims.

What we claim is:

1. High voltage, electrostatic apparatus operat-
ing in gas at a pressure of many atmospheres,
comprising a high-voltage terminal; insulating
supporting means; a moving charge-carrier of
insulating material and cooperating charge-
transferring means for conveying charges be-
tween said terminal and ground; high gas pres-
sure means surrounding said terminal, said sup-
porting means and said charge-carrier; and
means for effecting a steady sparkless flow of
charge between said charge-carrier and charge-
transferring means, such latter means compris-
ing a multiplicity of sharp, fine-wire conducting
or semi-conducting points per linear inch of
charge-carrier width, largely exceeding the num-
ber of those conventionally used that were spaced

_ about one-quarter to one-half an inch apart, and

each having a diameter on the order of approxi-
mately .010 to. .005 of an inch, such multiplicity
of sharp fine-wire points being so great in num-
ber as respectively just to lack lateral contact
with each other throughout a line transverse to
the traveling surface of the charge carrier, such
multiplicity of sharp fine-wire points that just
lack lateral contact with each other throughout
such transverse line constituting, therefore, such
& number of sharp fine-wire points per linear inch
as is consequently sufficient in a gas of high
pressure to deliver an approximately uniform
density of electric charge across the width of the
charge carrier in a steady, sparkless manner,
notwithstanding such high gas pressure and re-
gardless of polarity. :

2. High-voltage eléctrostatic apparatus operat-
ing in gas at many atmospheres pressure, com-
prising a high-voltage terminal; insulating sup-
porting ‘means; a moving charge-carrier and
cooperating charge-spraying means for convey-
ing charges between said terminal and ground;
high gas pressure means surrounding said ter-
ming.l, said supporting means and said charge-
carrier; and means for effecting a steady spark-
less flow of charge from the charge-spraying
means to said charge carrier, such charge-spray-
ing means comprising corona points numbering
approximately fifty per transverse linear inch
of the said charge-carrier, and virtually touching
the electrically charged surface of said moving
charge-carrier. ‘

3. High-voltage electrostatic apparatus operat-
ing in gas at many atmospheres pressure, com-
prising a high-voltage terminal; insulating sup-
porting means; a moving charge-carrier and
cooperating charge-spraying means for convey-
ing charges between said terminal and ground;
high gas pressure means surrounding said ter-
minal, said supporting means and said charge-
carrier; and means for effecting a steady spark-
less flow of charge from the charge-spraying
means to said charge-carrier, such charge-
spraying means comprising corona points num-
bering approximately fifty per transverse linear
inch of the said charge-carrier, and virtually
touching the elecirically charged surface of said
moving charge-carrier, said corona points each
consisting of a wire not exceeding approximately
.010 of an inch in diameter. :

4. High-voltage electrostatic apparatus operat-
ing in gas at many atmospheres pressure, com-
prising a high-voltage terminal; insulating sup-
porting means; a moving charge-carrier and
cooperating charge-spraying means for convey-
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ing charges between said terminal and ground;
high gas pressure means surrounding said ter-
minal, said supporting means and said charge-
carrier; and means for effecting a steady spark-
less flow of charge from the charge-spraying
means to said charge-carrier, such charge-spray-
ing means comprising corona points numbering
approximately fifty per transverse linear inch of
the said charge-carrier, and virtually touching
the electrically charged surface of said moving
charge-carrier, and means for stabilizing the cur-
rent to the said charge-spraying corona points.

5. High-voltage electrostatic apparatus operat-
ing in gas at many atmospheres pressure, com-
prising a high-voltage terminal; insulating sup-
porting means, a moving charge-carrier and
cooperating charge-spraying means for conveying
charges between said terminal and ground; high
gas pressure means surrounding said terminal,
said supporting means and said charge-carrier;
and means for effecting a steady sparkless flow of
charge from the charge-spraying means to said
charge-carrier, such charge-spraying means com-
prising corona points numbering approximately
fifty per transverse linear inch of the said charge-
carrier, and virtually touching the electrically
charged surface of said moving charge-carrier,
and means for stabilizing the current to the said
charge-spraying corona points, said current
stabilizing means consisting of impedances in
series with the individual charge-spraying corons
points.

6. High-voltage electrostatic apparatus operat-
ing in gas at many atmospheres pressure, com-
prising a high-voltage terminal; insulating sup-
porting means, a moving charge-carrier and
cooperating charge-spraying means for convey-
ing charges between said termina] and ground;
high gas pressure means surrounding said ter-
minal, said supporting means and said charge-
carrier; and means for effecting a steady spark-
less flow of charge from the charge-spraying
means to said charge-carrier, such charge-spray-
ing means comprising corona points numbering
approximately fifty per transverse linear inch of
the said charge-carrier, and virtually touching
the electrically charged surface of said moving
charge-carrier, and means for stabilizing the cur-
rent to the said charge-spraying corona points,

said current stabilizing means consisting of re~ .

sistances in series with the individual charge-
spraying corona points.

7. High-voltage electrostatic apparatus operat-
ing in gas at many atmospheres pressure, com-
prising a high-voltage terminal; insulating sup-
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porting means, a moving charge-carrier and

cooperating charge-spraying means for conveying
charges between said terminal and ground; high
gas pressure means surrounding said terminal,
said supporting means and said charge-carrier;
and means for effecting a steady sparkless flow
of charge from the charge spraying means to said
charge-carrier, such charge-spraying means com-
prising corona points numbering approximately
fifty per transverse linear inch of the said charge-
carrier, and virtually touching the electrically
charged surface of said moving charge-carrier,
and means for stabilizing the current to the said
charge-spraying corona points, said current
stabilizing means consisting of inductors in series
with the individual charge-spraying corona
points.

8. High-voltage electrostatic apparatus operat-
ing in gas at many atmospheres pressure, com-
prising a high-voltage terminal; insulating sup-
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porting means, a moving charge-carrier and
cooperating charge-removing means for convey-
ing charges between said terminal and ground:
high gas pressure means surrounding said ter-
minal, said supporting means and said charge-
carrier; and means for effecting a steady spark-
less flow of charge from said charge-carrier to
said charge-removing means, such charge-remov-
ing means comprising & multiplicity of sharp
coronsa points per inch of charge-carrier width,
largely exceeding the number of those conven-
tionally similarly used, and positioned close to-
gether and virtually touching the electrically
charged surface of said moving charge-carrier,
sald charge-removing corona points numbering
approximately fifty per transverse linear inch of
the said charge-carrier and spaced not more than
about 0.02 of an inch from the electrically
charged surface of said moving charge-carrier.

9. High-voltage electrostatic apparatus operat-
ing in gas at many atmospheres pressure, com-
prising a high-voltage terminai; insulating sup-
porting means, a moving charge-carrier and
cooperating charge-removing means for convey-
ing charges between said terminal and ground,
high gas pressure means surrounding said ter-
minal, said supporting means and said charge-
carrier; and means for effecting a steady spark-
less flow of charge from said charge-carrier to
said charge-removing mesans, such charge-remov-
ing means comprising a multiplicity of sharp
corona points per inch of charge-carrier width,
largely exceeding the number of those conven-
tionally similarly used, and positioned close to.
gether and virtually touching the electrically
charged surface of said moving charge-carrier,
sald charge-removing corona points each consist-
ing of a wire approximately .005 of an inch in
diameter,

10. High-voltage electrostatic apparatus oper-
ating in gas at many atmospheres pressure, com-
prising a high-voltage terminal; insulating sup-
porting means, a moving charge-carrier and
cooperating charge-removing means for convey-
ing charges between said terminal and ground,
high gas pressure means surrounding said ter-
minal, said supporting means and said charge-
carrier; and means for effecting a steady spark-
less flow of charge from said charge-carrier to
said charge~-removing means, said charge-remov-
ing means comprising sharp corona points having
a diameter on the order of .010 to .005 of an inch,
and being so numerous per linear inch that they
are spaced apart a distance on the order of their
own , diameters, and being, therefore, such in
number per linear inch across the width of the
charge carrier as is sufficlent in a gas at many
atmospheres to deliver approximately uniform
density of electric charge across the width of the
charge carrier in a steady, sparkless manner re-
gardless of gas pressure or polarity; and electric-
field controlling means positioned anterior to said
charge-removing corona points and closely spaced
from the arriving portion of said charge-carrier,
thereby to reduce the potential of the said charge-
carrier relative to the charge-removing means.

11. High-voltage electrostatic apparatus oper-
ating in gas at many atmospheres pressure, com-
prising a high-voltage terminal; insulating sup-
porting means, a moving charge-carrier and
cooperating charge-removing means for convey-
ing charges between said terminal and ground,
high gas pressure means surrounding said ter-
mingal, said supporting means and said charge.
carrier, and means for effecting a steady spark-
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less flow of charge from said charge-carrier to
said charge-removing mesans, said charge-remov-
ing means comprising sharp corons points; and
& fleld-controlling member positioned close to the
surface of the charge-carrier anterior to said
charge-removing corona points, said field-con-
trolling member having its surface that faces the
sald charge-carrier arranged to approach gradu-
ally the surface of the charge-carrier, thereby
keeping the charge on the charge-carrier until
the said charge comes opposite the said charge-
removing corona points.

12. High-voltage electrostatic apparatus oper-
ating in gas at many atmospheres pressure, com-
prising a high-voltage terminal; insulating sup-
porting means, a moving charge-carrier and co-
operating charge-removing means for convey-
Ing charges between said terminal and ground,
high gas pressure means surrcunding said ter-
minal, said supporting means and said charge
carrier, and means for effecting a steady spark-
less flow of charge from said charge-carrier to

- said charge-removing means, said charge~remov-
ing means comprising sharp corona points and a
field-controlling member positioned close to the
surface of the charge-carrier and having the said
charge-removing corona points mounted on the
trailing edge thereof.

13. High-voltage electrostatic apparatus oper-
ating in gas at many atmospheres pressure, com-
prising a high-voltage terminal; insulating sup-
porting means, a moving charge-carrier and co-
operating charge-removing means for conveying
charges between said terminal and ground, high
gas pressure means suwrrounding said terminal,
said supporting means and said charge carrier,
and means for effecting a steady sparkless flow
of charge from said charge-carrier to said charge-
removing means, said .charge-removing means
comprising sharp corona points and a field-con-
trolling member positioned close to the surface of
the charge-carrier and having the said charge-
removing corona points mounted on the trail-
ing edge thereof, said charge-removing coronsa
points largely exceeding in number those con-
ventionally similarly used, and positioned close
together and virtually touching the electrically
charged surface of the said moving charge-
carrier.

14. High-voltage electrostatic apparatus oper-
ating in gas at many atmospheres pressure, com-
prising a high-voltage terminal; insulating sup-
porting means, a moving charge-carrier and co-
operating charge-removing means for conveying
charges between said terminal and ground, high
gas pressure means surrounding said terminal,
said supporting means and said charge carrier,
and means for effecting a steady sparkless flow of
charge from said charge-carrier to said charge-
removing means, said charge-removing means
comprising sharp corona points and a field-con-
trolling member positioned close to the surface
of the charge-carrier and having the said charge-
removing corona points mounted on the trailing
edge thereof, said charge-removing corona points
being formed as a very fine mesh wire screen.

15. High-voltage electrostatic apparatus oper-
ating in gas at many atmospheres pressure, com-
prising a high-voltage terminal; insulating sup-
porting means, a moving charge-carrier and co-
operating charge-removing means for conveying
charges between said terminal and ground, high-
gas pressure means surrounding said terminal,
said supporting means and said charge carrier,
and means for effecting a steady sparkless flow-
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of charge from said charge-carrier to said charge-
removing means, said charge-removing means
comprising sharp corona points and a fleld-con--
troiling member positioned ‘close to the surface
of the charge-carrier and having the said charge-
removing corona points mounted on the trailing
edge thereof, said charge-removing corona points
being composed of parallel wires substantially
005 of an inch in diameter, spaced from each
other a distance to provide substantially fifty
wires per transverse linear inch of the charge-
carrier, :

16. High voltage, electrostatic apparatus in
accordance with claim 1, but wherein there is a
bent connection providing substantial impedance
between the said points and their common elec-
trical connection.

17. High voltage, electrostatic apparatus in
accordance with claim 1, but wherein the indi-
vidual points are connected through an inserted -
high resistance element to the common metallic
bar connection therefor. .

18. High voltage, electrostatic apparatus in
accordance with claim 1, but wherein the indi-
vidual points are connected through bends pro-
viding inductances to their common electrical
connection.

19. High voltage, electrostatic apparatus oper-
ating in gas at a pressure of many atmospheres,
comprising a high-voltage terminal; insulating
supporting means, a moving charge-carrier of
Insulating material and cooperating charge-
transferring means for conveying charges be-
tween said terminal and ground; high gas pres-
sure means surrounding said terminal, said sup-
porting means and said charge-carrier; and
means for effecting a steady, sparkless flow of
charge between said charge-carrier and charge-
transferring means, such latter means compris-
ing a woven wire mesh screen extending at its
inner edge along a line transversely of the sur-
face of the charge-carrier into very close prox-
imity to the surface of the said charge-carrier,
S0 as to be spaced therefrom a distance on the
order of about .02 of an inch, the wave of the
individual wires incident to their woven forma-
tion in said screen constituting marked im-
pedance.

20. High-voltage electrostatic apparatus op-
erating in gas at many atmospheres pressure
comprising a high-voltage terminal; insulating
supporting means; a moving charge-carrier and
cooperating charge-transferring means for con-
veying charges between said terminal and
ground; high gas pressure means surrounding
said terminal, said supporting means and said
charge-carrier; and means for effecting a steady,
sparkless flow of charge between the charge-
transferring means and said charge-carrier, such
charge transferring means comprising corona
points extending in a line transverse to the
traveling surface of the charge-carrier and
numbering in said line approximately fifty per
transverse linear inch of said charze-carrier.

21. High-voltage, electrostatic apparatus op-
erating in gas at a pressure of many atmos-
pheres, comprising a high-voltage terminal; in-
sulating supporting means; a moving charge-
carrier of insulating material and cooperatinz
charge-transferring means for conveying charges
between said terminal and ground; high gas
bressure means surrounding said terminal, said
supporting means and said charge-carrier; and
means for effecting a steady, sparkless flow of
charge between said charge carrier and charge-
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transfe.ring means, such means comprising &
multiplicity of fine wire corona points extend-
ing close to sald charge-carrier along a line
transverse to said charge-carrier, and having
individually a formation providing & connection
of substantial impedance between them and their
common electrical connection.

22, High-voltage, electrostatic apparatus op-
erating in gas at a pressure of many atmos-
pheres, comprising a high-voltage terminal; in-
sulating supporting means; a moving charge-
carrler of insulating material and cooperating
charge-transferring means for conveying charges
between said terminal and ground; high gas
pressure means surrounding said terminal, said
supporting means and said charge-carrier; and
mesans for effecting a steady, sparkless flow of
charge between said charge-carrier and charge-
transferring means, such means  comprising
corons points extending close to sald charge-
carrier along & line transverse to said charge-
carrier which are individually connected through
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an inserted high resistance element to the com- .

mon metallic bar connection therefor, said co-
rona points along said line transverse to the
charge-carrier respectively just lacking lateral
contact with each other.

23. High-voltage, electrostatic apparatus op-
erating in gas at a pressure of many atmos-
pheres, comprising a high-voltage terminal; in-
sulating supporting means; a moving charge-
carrier of insulating material and cooperating
charge-transferring means for conveying charges
petween said terminal and ground; high gas
pressure means surrounding said terminal, said
supporting means and said charge-carrier; and
means for effecting a steady, sparkless flow of
charge between said charge-carrier and charge-
transferring means, such means comprising a
multiplicity of fine wire corona points extend-
ing close to said charge-carrier along a line
transverse to said charge-carrier which are in-
dividually connected through formation provid-
ing inductances to their common electrical con-’
nection, said corona points along said line trans-
verse to the charge-carrier respectively just lack-
ing lateral contact with each other.

24. High-voltage electrostetic apparatus op-
erating in gas at a pressure of many atmos-
pheres, comprising a high-voltage terminal; in-
sulating supporting means; a moving charge-
carrier of insulating material and cooperating
charge-transferring means for conveying charges
between said. terminal and ground; high gas
pressure means surrounding said terminal, said
supporting means and sald charge-carrier; and
means for effecting a steady, sparkless flow of
charge between said charge-carrier and charge-
transferring means, such means comprising a
multiplicity of fine wire corona points extending
close to sald charge-carrier along & line trans-
verse to said charge-carrier, said corona points
each consisting of a wire not exceeding approx-
imately .010 of an inch in diameter and being
spaced apart from each other by distances ap-
proximating their own diameters.

25. High-voltage electrostatic apparatus op-
erating in gas at many atmospheres pressure
comprising a high-voltage terminal; insulating
supporting means; a moving charge-carrier and
cooperating charge-transferring means for con-
veying charges between said terminal and
ground; high gas pressure means surrounding
said terminal, said supporting means and said
charge carrier; and means for effecting & steady,
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sparkless flow of charge between the charge-
transferring means and said charge-carrier, said
charge-transferring means comprising a set of
fine-wire charge-spraying corona points and a
set of fine-wire charge-removing corona points,
each set being respectively positioned along a
line transverse to the traveling surface of the
charge-carrier, the corona points of each set
having a diameter on the order of approximately
010 to .005 of an inch, and being so numerous
per linear inch that they are spaced apart a dis-
tance on the order of their diameters, and being
consequently sufficient in gas at many atmos-
pheres pressure to deliver an approximately uni-
form density of electric charge across the width
of the charge carrier in a steady, sparkless man-
ner notwithstanding such gas at many atmos-
pheres pressure and regardless of polarity.

26. High-voltage electrostatic apparatus op-
erating in gas at many atmospheres pressure,
comprising a high-voltage terminal; insulating
supporting means, a moving charge-carrier and
cooperating charge-removing means for convey-
ing charges between said terminal and ground,
high gas pressure means surrounding said ter-
minal, said supporting means and said charge-
carrler; and means for effecting a steady, spark-
less flow of charge from said charge-carrier to
said charge-removing means, said charge-re-
moving means comprising sharp corona points;
and electric field controlling means positioned
wholly anterior to the said charge-removing
corong, points, and itself providing high capaci-
tance and uniform field to the said charge car-
rier, said electric fleld controlling means being
a wide elongated plate having a part at least of
the bare inner face thereof which presents an
area of relatively large extent both transversely
and lengthwise of said charge carrier very close

‘to and in unobstructed vacani-space relationship

. to the closely adjacent surface of the said charge
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carrier at an area that is wholly anterior to the
sald charge removing corona points.

27. In g high-voltage electrostatic apparatus or
system operating in gas at many atmospheres
pressure, a tank providing a chamber enclosing
the electrostatic generating apparatus, a high-
voltage terminal in said tank, insulating sup-
porting means for said terminal, a movable
charge carrier and cooperating charge trans-
ferring means within said tank, means to estab-
lish an elevated gas pressure of many atmos-
pheres in said enclosing chamber, means for
effecting a steady sparkless transfer of electric
charge between the charge transferring means
and the charge carrier in the presence of such
elevated gas pressure while reducing the energy
applied to the ionization of the gas, including
a multiplicity of fine-wire transfer points posi-
tioned along a line transverse to and in virtual
contact with the traveling surface of the charge
carrier and respectively separated from each
other along said transverse line by substantially
their own diameters, which are on the order of
approximately .010 to .005 of an inch, said trans-
fer points being, therefore, sufficient per linear
inch in a gas at many atmospheres to deliver
an approximately uniform density of electric
charge across the width of sald charge carrier
in a steady sparkless manner regardless of gas
pressure or polarity, and means to establish &
potential difference between such charge carrier
and such muitiplicity per linear inch of said
transfer points, thereby to cause an electric
gradient in the region of such transfer prints
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sufficient to produce ionization of the gas, and
also to cause the movement of ions between such
charge transfer points and the surface of such
charge-carrier in a steady sparkless manner
irrespective of the polarity of such transfer
points or the elevated gas pressure in said tank.

28, In a high-voltage electrostatic apparatus
or system operating in gas at many atmospheres
pressure, a tank providing a chamber enclosing
the electrostatic generating apparatus, a2 high-
voltage terminal in said tank, insulating support-
ing means for said terminal, a movable charge
carrier and cooperating charge transferring
means within said tank, means to establish an
elevated gas pressure of many ztmospheres in
said enclosing chamber, means for effecting a
steady sparkless transfer of electric chargs be-
tween the charge transferring means and the
charge-carrier in the presence of such elevated
gas pressure while reducing the energy applied
to the ionization of the gas, including a multi-
plicity of fine-wire transfer points positioned
along a line transverse to and in virtual contact
with the traveling surface of the charge-carrier
and respectively separated from each other along
said transverse line by substantially their own
diameters, which are on the order of approxi-
mately .010 to .005 of an inch, said transfer points
being therefore sufficient per linear inch, in a
gas at many atmospheres to deliver an approxi-
mately uniform density of electric charge across
the width of saild charge-carrier in a steady
sparkless manner regardless of gas pressure or
polarity, and means to establish a potential dif-
ference between such charge-carrier and said
transfer points, thereby to cause an electric
gradient in the region of such transfer points
sufficient to produce lonization of the gas, and
also to cause the movement of ions between such
charge transfer points and the surface of such
charge-carrier in a steady sparkless manner irre-
spective of the polarity of such transfer points
or the elevated gas pressure in said tank.

29. High-voltage, electrostatic apparatus op-.

erating in gas at a pressure of many atmos-
pheres, comprising a high-voltage terminal, in-
sulating supporting means, a moving charge-
carrier of insulating material and cooperating
charge-transferring means for conveying charges
between said terminal and ground, high gas
pressure means surrounding said terminal, said
supporting means and said charge-carrier, and
means for effecting a steady sparkless flow of
charge between said charge-carrier and said
charge-transferring means, such latter means
comprising a multiplicity of sharp, fine wire,
conducting or semi-conducting points per linear
inch of charge-carrier width, largely exceeding
the number of those conventionally similarly
used and which were spaced about one-quarter
to one-half inch apart, such multiplicity of
sharp, flne wire points being raspectively spaced
apart a distance approximately equalling their
own diameters, which are on the order of ap-
proximately .010 to .005 of an inch, throughout
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a line transverse to the traveling surface of the
charge-carrier, such multiplicity of sharp fine-
wire points constituting therefore such a num-
ber of sharp fine-wire points per linear inch as
is consequently sufficient in a gas at high pres-
sure to deliver an approximately uniform density
of electric charge across the width of the charge-
carrier in a steady, sparkless manner notwith-
standing such high gas pressure and regardless
of polarity.

30. A multiple-point high-voltage electrostatic
system for effecting steady sparkless flow of cur-
rent between a movable charge-carrier and
charge spraying or charge-removing points in
the presence of high gas pressure of many at- -
mospheres comprising a tank, means to estab-
lish therein en elevated gas pressure of many
atmospheres, a high-voltage terminal, 3 movable
charge-carrier in said tenk to convey charge to
and from said terminal, and cooperating charge
transferring means within said tank, said trans-
ferring means including a line of transfer points
extending transversely of the surface of said
charge carrier, and in close proximity thereto,
sald transfer points consisting of fine wire and
spaced respectively from each other throughout
said transverse line by a distance on the order
of their own diameter, which are on the order
of approximately .010 to ,005 of an inch, the said
transfer points accordingly, as defined, being
such in number per linear inch that the distribu-
tion of charge across the width of the charge-
carrier is of substantially uniform density, such
deflned number per linear inch of the transfer
points being therefore such that the energy ap-
plied to the ionization of the gas is reduced by
distributing such energy among such deflned
number of transfer points per linear inch, and
being such that the movement of ions between
the said transfer points and the surface of the
charge-carrier is effected in a steady sparkless
manner irrespective of the polarity of such trans-
fer points.

31. A system in accordance with claim 30,
wherein the transfer points are respectively con=-
nected by impedance formations to their com-
mon electrical connection.

32, A system in accordance with claim 30,
wherein the transfer points include charge-re-
moving points, and wherein there are means
closely adjacent to said charge-removing points
and to said charge-carrier to control the electric
field by providing s high capacitance and uni-
form field. '

JOHN G. TRUMP.
ROBERT W. CLOUD.
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