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UNITED STATES PATENT OFFICE

APPARATUS FOR REDUCING DESTRUCTIVE
TRANSIENTS IN ELECTROSTATIC BELT

GENERATORS

John G. Trump, Winchester, Mass., assignor to
Research Corporation, New York, N. Y., a cor--

poration of New York

Application January 21, 1948, Serial No. 3,418
(CL 1711—329)

1 35 Claims.

This inventhn relates to apparatus for reducing
destructive transients in electrostatic belt gen-
erators.

In order that the principle of the invention
may be readily understood, there are herein dis-
closed several iselected embodiments of the ap-
paratus of theiinvention, by means of which the
invention may"be practised,

Eléctrostatic 'belt generators of what may be
termed the “Van-de Graaff” type consist essen-
tially of a well rounded terminal insulated from
ground for high voltages to which electric charge
is conveyed by means of a rapidly moving belt
of insulating material. Such type of apparatus
is shown in the patent to Robert J. Van de Graaff,
No. 2,230,473, February 4, 1941, .and in the patent
to John C. Trump, No. 2,252,668, August 12, 1941.

Such apparatus when utilized as generators is
intended for the production of high, steady, di-
rect-current potentials and comprises generally
an electrode mounted on an insulating support to
which charges are constantly transferred by a
charge conveying medium, usually in the form of
a movable carrier body, and more often in the
form of an endless rapidly-moving belt of insulat-
ing material such as shown in said patents. The
said terminal is of a well rounded form such as
indicated at 11 in said paténts. The supporting
ecolumn for the said high voltage terminal as
constructéd prior to the present invention is
conveniently built of spaced conducting members
separated by insulating disks within which the
said electrically charged belt or carrier is ar-
ranged to pass, and within which supporting
column the acceleration tube or other generator
load is arranged. '

Such electrostatic belt generators are at present
insulated in compressed gas at elevated pressures
and have thereby attained & great eompactness
for even high voltage ratings. For example, 3
two-million volt constant-potential electrostatic
belt generator has been constructed which is
housed in a pressure tank thirty inches in di-
ameter and fifty-four inches high on the inside
and filled with nitrogen at twenty-seven atmos-
pheres pressure. Physically larger generators
have also been built in the same voltage range,
and at the present time new electrostatic belt
generators are under development which will
operate up to ten to fifteen million volts, and
which will be contained in tanks that are from
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ten to fifteen feet in diameter and are thirty to -

fifty feet high, containing compressed gases at
pressures between ten and fifty atmospheres.
The voltage attained by these electrostatic belt

55

2
generators depends primarily upon thé ability of
the high voltage terminal, such as indicated at
11 in said patents, to insulate this voltage. The
potential of the terminal rises as more and more
charge is brought to it by the said rapidly travel-
ing belt of insulating material, until either it is
limited by sparkover or by the removal of charge
from such terminal through corona or along the
useful load, or by sparkover of the terminal to
ground. Such sparkover may take place between
the terminal and the surrounding tank, length-
wise the supporting column between the metallic
members thereof, along the electrically-charged
rapidly-traveling conveyor belt, or along the ac-
celeration tube of the generator. In general, the
electrostatic generator may be operated at any
voltage up to such values at which sparkover will
oceur. - :

The problem to the solution of which the pres-
ent invention is directed, is concerned with the
destructive effects of such sparkover. For gen-
erators of high voltage rating, the destructive ef-
fect of such sparkover may be serious. The stored
energy, which is released in a flashover from the
high voltage terminal to the tank of the gen-
erator, is equal to CE?/2;:where C is the capaci-
tance of the terminal to ground, and where E is
the terminal voltage. If the generator makes
use of one or more equipotential shields around
the terminal, such as disclosed and claimed in the
sald patent to Robeft”J. Van de Graaff No,
2,230,473, the stored energy of such shields is like-
wise large because of their relatively large area
and intermediate voltage, and the effect of a
discharge may be destructive. The most serious
destructive effect results from flashover between
the terminal and ground along the carrier beit
of insulating material. Such discharges may
rend the material and cause its mechanical fail-
ure, or such discharges may cause or produce
carbonized tracks along the belt and thus en-
tirely destroy its insulating properties. For very
large stored energies, the possible roughening of
the metallic electrode surfaces is a matter of very
considerable concern, since such surface rough-
ness enhances the possibility of corona, and thus
limits the terminal voltage. Destruction by flash-
over of the solid insulator column supports and
of the acceleration tube wall may also result.

It is highly desirable, therefore, with such
larger generators to reduce, and the invention
herein disclosed does reduce, the effect of spark-
over (a) by reducing the capacitance which can
discharge in a given interval of time, and (b) by
introducing impedances so as to spread out the
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discharge over a longer period of time, and there-
by to reduce the peak value of the discharge cur-
rent. The introduction of such impedance, in ac-
cordance with this invention, has also the effect
of inhibiting an incipient dicsharge so that spark-
over which would develop in a low impedance cir-
cuit is often prevented.

As disclosed in the accompanying drawings, to
which specific reference will hereinafter be made,
the results referred to are accomplished in a num-
ber of different ways, certain of which will be il-
lustrated and specifically described as the selected
embodiments of apparatus by which the invention
may be practised, but to which the invention is
not limited. The broad principle involved is that
the surface of the high-voltage terminal is such
that there exists a high impedance.to the flow
of charge from one region of the surface to an-
other. 'This can be accomplished in different
ways, and herein it is accomplished by (a) form-

ing the surface of wound rods or rings, or (b)
slotting or dividing the surface formirg the high-
voltage terminal, or (¢) using hlgh-resistance
material in place of metal.

By the first of the disclosed embodiments the :

high-voltage terminal or the equipotential shield
or shields around it, or both the terminsal and the
shield or shields, are built of a number of closely-
spaced hollow or solid rings which are physically
attached together so as to form an electrode which
may be of the conventional dome-shape, such as
shown at 11 in saild patents. The connections for
the said closely spaced rings are arranged to have
high resistance or inductance or both. The effect
of the spacing between the said ring-like elements
s to divide the total surfage into many surfaces
which are individually of small area. The effect
of such special connections iS fo provide a high
impedance between adjacent electrically charged
surfaces. Thus a discharge which develops from
one of the component surface elements would be
of limited energy because of its relatively small
capacitance and, in the event of its discharge,

there would be considerable delay in the flow of -

charge from the other elements attached to it
because of-the high resistance or inductance of
the connecting paths. The said connections or
connectors, to which reference has above been
made, may be very simple; for example, even if
the spaced elements are connected merely by
short metallic studs, the inductance of such con-
necting paths will result in a high impedance to
a current transient because of their exceedingly
steep wave fronts.

The second of the herein disclosed ways in-
volves, as stated, the principle of dividing the
large electrically charged surface, such as is con-
stituted by the dome-shaped terminal or by the
shield or shields about it, into a plurality of small
surfaces connected to each other by paths of high
transient impedance. For example, and as here-
inafter more fully disclosed, there is employed the
conventional metallic sheet construction of the
dome or shield or shields, such as shown in the
said patents, and then slots are formed through-
‘out in-such metallic sheet, as hereinafter more
fully referred to, so as to cause surface currents
to take a devious route in order to reach the dis-
charge point.. In accordance with this embodi-
ment of the apparatus of the invention, the cylin-
drical portion of such electrodes may be built
by winding a rod into a close-spaced single-layer
‘helix. PFrom ordinary considerations, the en-
velope of such a helix would be of the same poten-
tial for steady-state conditions, but a high poten-
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tial difference between turns of such helix would
develop in the event of a discharge because of in-
ductance of such construction.

In accordance with the third of the disclosed
embodiments of the invention, the surface of the
high voltage terminal (or of the shield or shields)
is formed of high-resistance material in place of
metal. The material employed for this purpose

must be capable of withstanding the effects of

sparkover and the transient flow of current when
it occurs. In prineciple the use of high-resistance
material is equivalent to the introduction of im-
pedances between one section of the terminal and
another.

Similar means for and a similar method of de-
laying the development of transients along the
supporting column of such generators (and by
“supporting eolumn” is meant the entire support-
ing eolumn, such for example as that shown in the
said patent to John G. Trump, No. 2,252,668, and
a portion of which is illustrated in detail in ver-
tical section in Fig. 4 of said patent) can be pro-
vided by dividing such or a like supporting col-
umn into sections, and connecting the individual
sections thereof together through a high im-
pedance. The number of such sections connected
through high impedance depends upon the height
of the column. For examble, if the height of the
column be ten feet, the number of sections so con-
nected may be but need not necessarily be about
ten, and for other lengths of columns the number
of sections might correspond accordingly. The
invention is not lim:ted to any particular number
of sections into which the supporting column is
so divided, and which sections are connected to-
gether through high impedances.

As hereinafter more fully disclosed, the adja-
cent ends of each two next adjacent sections are
spaced one from another and are insulated for
a high voltage, Substantially no voltage differ-
ence exists between such two adjacent ends, how-
ever, under normal steady-state operation, since
they are electrically connected together by a con-
ductive connection. Such connection, as herein-
after more fully disclosed, may be in the form
of one or more turns of wire, or any other suitable
construction or shape of connection may be pro-
vided which will offer high impedance to the
high-frequency components of a transient cur-
rent. - As a result, if a transient disturbance at-
tempts to propagate from one section into the
next adjacent section, it encounters the described
high impedance barrier, which both reduces the
magnitude of the disturbance that is propagated
and delays the propagation of this disturbance
into the next adjacent section.

In order to secure this effect, it is preferable
that the capacitance between the two next adja-
cent ends of the said sections be well insulated
from one another except for such connection,
and that the inductive connection have a mini-
mum of mutual capacitance. Desirably, also, this
connection has considerable ohmic resistance.
This hardly interferes with steady-state opera-
tion of electrostatic generators even for ohmic
values as high as 10° ohms, but would have a
pronounced damping aection on any oscillations
which develop in the transient inhibiting net-
work thus introduced.

The long supporting columns of large pressure-
insulated electrostatic generators are, in accord-
ance with the invention, divided into a suitable
plurality of such sections with such transient
inhibiting networks introduced between each.

In the accompanying drawings, wherein are



8,601,881

) . 5
disclosed several emhodiments of apparatus by
which this invention may he practised—.

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 the first referred to em-
bodiment of the invention;

Fig. 2 is a side elevation of the main high-~
potential electrode or terminal of the hemispher-
ical or dome-shape shown in Fig. 1, the remain-
der of the apparatus shown in Fig. 1 being
omitted;

Fig. 3 is a vertical section similar to Fig. 1, but
showing a shield between the main high-po-
tential electrode or terminal and the tank, the
charge-carrying belt and the details of the sup-
porting column being omitted;

Pig. 3A is a vertical section similar to Fig. 3,
but showing two concentric shields between the
main high-potential electrode or terminal and
the tank;

Fig. 4 is a side elevation of the second referred
to form or embodiment of the main high-po-
tential electrode or terminal constructed in ac-
cordance with my invention;

Fig. 5 is a view in vertical transverse section
of the construction shown in Fig. 4 and repre-
senting in section a portion of the surrounding
tank;

Fig. 6 is a side elevation of still another form
or embodiment of the main high-potential elec-
trode or terminal constructed in accordance with
the invention, and constituting a variation of the
said first embodiment, but from which, to avoid

confusion of lines, there have been omitted the :

illustration of the portions of the rod of which
the dome-shape electrode or terminal is com-
.posed, that are at the rear thereof from the ob-
Server;

Fig. 7 is a view in vertical transverse section
of a high-voltage terminal formed of ‘high-resist-
ance material in place of metal;

Fig. 8 is a view in vertical transverse section
similar to the upper portion of Fig. 1, but indicat-
ing also a portion of the supporting column of
the generator, which column is divided into sec-
tions to be connected together through a high-
impedance;

Fig, 9 is a diagrammatic indication of the
electrostatic action in the event of a discharge
of stored energy; ’

Fig. 10 is a vertical section that may be similar
to the upper portion of Fig, 1, but representing
sections or portions of the main high-potential
electrode or terminal of any suitable construction
connected by resistances and impedances;

Fig, 11 is a diagrammatic representation of a
construction of the main high-potential electrode
or terminal or of supporting column employing
both resistances and impedances; and

Fig. 12 is a view partly in vertieal transverse
section and partly diagrammatic, to show the
main high-potential electrode or terminal as in
Fig. 1, and showing the supporting column di-
vided into sections, the adjacent sections thereof
being connected together through a resistance or
an impedance, or through both a resistance and
an impedance. )

Referring to the drawings, and first to Fig. 1,
~ therein is shown such parts of an electrostatic

generator as are necessary to an understanding
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 invention
herein claimed may be applied fo the said type
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of electrostatic generator apparatus, but the in-
vention is not necessarily limited to use with
such type of generator apparatus. o

In Fig. 1 the said electrostatic generator com-
prises the main high-potential electrode or ter-
minal | consisting of a substantially hemi-
spherical or dome-shaped structure built of a
number of closely spaced rings 2, 2 of conduct-
ing material, such as brass, and which are physi-
cally attached together as Indicated at 3, 3 in
Fig. 2 to form an electrode or terminal which
may be otherwise of conventicnal shape. The
number of such closely spaced rings, which may
be hollow or solid, depends of course upon the
dimensions of the said dome-shaped electrode or
terminal. The said connections 3 between all of
the conducting rings 2 have high resistance or
inductive impedance to transient currents or
both. The effect of the spacing between the ring-
like elements 2, 2 is to divide the total surface
into many surfaces of individually small area,
and the effect of the special connections 3 is to
provide a high impedance between adjacent elec-
trically charged surfaces together constituting
the electrode or terminal |I.

I have indicated the high impedance connec-
tions 3 in Fig. 1, and in the like Figs. 3, 8, 10 .
and 12, it being understood that they are pres-
ent, as shown in Fig. 2, but they may be irregu-
larly arranged. '

The electrode or terminal | rests upon a ring
4 of conductive metzal, the outer exposed surface
of which is rounded, the said ring 4, in turn,
being mounted upon the top of the supporting
column which, excepting for the division thereof
into a plurality of sections connected together
through a high impedance, may be of the gen-
eral structure shown in the said patent to John
G. Trump, No. 2,252,668, and particularly in Fig.
4 thereof, and includes as a part of the said sup-
porting column any suitable number of spaced
elongated pillars, such as three, one of which is
shown at 5. The said pillars 5 may be similar
to those shown in the said patent to John G.
Trump, and they are built of layers of insulat-
ing material of high dielectric strength, the en-
tire supporting column including a series of hori-
zontal plates 6, 6 extending between separat:d
rings 1, 1, edch of conductive metal, and prefer-
ably tubular in form to present rounded external
surfaces, these rings being connected with each
other by suitable resistances so as to divide the
potential - on the terminal uniformly between
them, as described in the said patent to John G.
Trump, No. 2,252,668. The said series of plates

. 6 extend between the rings T and the correspond-

ing conducting tubes on the ascending side of
the charge-carrier.

The bases of the pillars 5 rest on the base
plate 8 of conductive material which is supported
by suitable brackets attached to the inner walls
of a tank 9, which provides a chamber complete-
ly enclosing all the parts of the generating appa-
ratus, but leaving a substantial clearance between
its walls and the electrode or terminal and sup-
porting column. The said tank 9 is filled with a
gas of many atmospheres pressure which, for
air, may be about four hundred pounds per square
inch, or it may be filled with nitrogen or other
compressed gas at pressures between ten and
fifty atmospheres according to the size of the
generator.

The charge-carrier may be of any suitable type,
but it is herein shown as in the form of an end-
less belt 10 of such construction that the charges
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on its surface are longitudinally. insulated from
each other, the belt herein being of insulating
material, such as a multiple-ply rubber fabric.
At its lower end the belt 10 passes over a3 metallic
driving pulley f1 journaled fn suitable brackets
on the base plate, so that the said pulley 1 has
& ground connection, as indicated. The said
pulley 11 is driven by a suitable motor, not here-
in Mustrated, to which current is applied by con-
ductors entering the walls of the tank 8 through
a suitable bushing. .

The said belt 0 runs vertically upward and
then downward in a parallel line, passing into
and out of the hollcw electrode or terminal f,
composed, in the embodiment of the invention
shown in Figs. 1 and 2, of connected closely-
spaced rings of conducting material, the said belt
10 passing in its course over a metallic pulley 12
within the said electrode or terminal 1, the said
pulley 12 being journaled in or insulated from
suitable brackets supported by the ring 4 in a
manner not necessary to illustrate or to refer
to further. .

At the lower end of the run of the belt (0

charges of one sign are established on the said -

moving belt and at the upper end thereof the
charges carried thereby are removed and trans-
ferred to the electrode or terminal | consisting,
as shown in Figs. 1 and 2, of the said close spaced
but connected conductive rings 2. Simultane-
ously, charges of the opposite sign are trans-
ferred through the said electrode or terminal |
to the said belt 10 at the upper end of its run
and are carried away by the depending run
thereof to the lower end of the said belt, where
they are removed.

As herein stated, the effect of the connected
conductive rings 2 constituting the electrode or
terminal | is to divide the total surface of such
electrode or terminal into many surfaces of in-
dividually small area, and the effect of the con-
nections 3 between the respective rings 2 is to
provide a high impedance between the adjacent
electrically charged surfaces that together con-
stibute the electrode or terminal I. Thus a dis-
charge which developed from one of the ecom-
ponent surface elements or rings 2 would be of
limited energy because of its relatively small
capacitance, and, in the event of its discharge,
there would be considerable delay in the flow of
charge from the other elements or rings 2 at-
tached to it, because of the high resistance or in-
ductance of the connecting paths 3 between the
sald rings 2. ‘The connectors between the rings
2, indicated merely diagrammatically at 3, may
be quite simple in structure, and in certain in-
stances they consist merely of short metallic
studs, since the inductance provided by the con-
necting paths constituted by such metallic. studs,
resulis in a high impedance to a current tran-
sient because of their exceedingly steep  wave
fronts.

In Fig. 1 no shield is shown between the elec-
trode or terminal { and the surrounding tank 9,
I may employ one or more concentric shields be-
tween the electrode or terminal { and the tank 9,
and in PFig. 3 I have represented a single shield
indicated generally at 3, which is constructed
in such way as to divide the total surface thereof
into many surfaces of individually small areas,
This may be done by constructing the said shield
13 of a suitable number of closely-spaced con-
ducting connected rings (4 similar to the rings 2
of which the electrode or terminal i is composed,
which rings 14 are connected by connectors such
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85 3 In Pig. 2, or by any other suitable connec-

tons constituting high resistance or inductive

impedance or both. Or the said shield, or a plu-
rality of shields if more than one is. employed,

‘may be constructed in any way in which the

electrode or terminal | is constructed in accord-
ance with my invention, and certain examples of

‘which are shown in the varicus figures of the

drawings thereof, or in any other suitable man-
ner, so as to divide up the total surface thereof
into a great number of individually small sur-
faces. Thus the total surface of the shield or
shields is or are divided into many connected
surfaces of individually small area. ‘ )

From Fig. 3 there have been omitted the other
parts of the generator shown in Fig. 1, but it is
to be understood that the other parts shown in
Pig. 1 or their equivalents sre provided. In Fig.
3A I have represented the same construction as
in Fig. 3, excepting that I have shown two con-
centric shields 13 and (3* between the terminal
and the tank. The inner shield 13 is composed
of the rings (4, as in Fig. 3, and the outer shield
t3= is composed of similar rings 14s,

In Figs. 4 and 5, I have represented in side ele-
vation and in transverse section the sald second
embodiment of the invention. It is to be under-
stood, however, that there are many alternative
constructions (not herein shown) which would
accomplish the results secured by my invention,
and which would employ the same principle of
dividing the large electrically charged surface
constituted by the terminal or by the shield or
shields, or both, into g plurality of small surfaces
connected to each other by paths of high tran-
sient impedance, and thus are within the scope
of my invention. .

Thus, in Figs. 4 and 5 there is represented the
conventional metallic sheet construction for the
electrode or terminal | which is then slotted by
me throughout, as indicated at | % in said figures,
so as fto cause surface currents to take a devious
route in order to reach the discharge point. The
said slots are indicated as horizontal, but they
may be vertical or inclined .or of any suitable
shape and size, being desirably closely spaced,
and they should have smoocth rounded edges.
In the event that a shield or shields be employed,
with the construction shown in Figs. 4 and 5,
such shield or shields is similarly slotted for the
same purpose.

It 1s to be understood, however, that with any
of the illustrated embodiments of the invention
the dome-shaped electrode or terminal | may be
of any of the constructions herein provided, and
the shield or shields, if employed, may be of any
of the disclosed constructions of the electrode or
terminal I, it, however, not being necessary, if a
the surface
of the shield or shields be divided into a plurality
of small surfaces in the same manner that is em-
ployed in dividing into a plurality of small sur-
faces the surface of the electrode or terminal
used in the same electrostatic generator, since
the various forms or constructions of the elec-
trode or terminal and of the shield or shields are
or may be interchangeable,

In the construction shown in Fig. 6, which is a
variation of the embodiment represented in Figs.
1, 2 and 3, the electrode or terminal 1 may be built
by winding a solid continuous rod 16 into a close-
spaced single-layer helix, the spires or turns of
which are connected as indicated diagrammati-
cally at (7, constituting or providing a high im-
pedence. From ordinary consideration, the en-
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velope constituted by such a helix as thet indi~

cated in Fig. 6 would be at the same potential for
steady-state condition, but a high potential dif-
ference between the turns or spires of the rod
18 would develop in the event of a discharge be-
cause of the inductance of such construction.
It is to be understood that in the construction
shown in Fig 6, the rod 16 is continuous through-
out, and that the turns or spires thereof are con-
nected together af 17 as in Fig. 1, and that in
order not to confuse the lines of Fig. 6, the por-
tions of the rod I6 at the side or part of the elec-
trode or terminal away from the observer are not
shown.

In accordance with the third referred to em-
bodiment of my invention which is fllustrated in
transverse section in Fig. 7, the high voltage ter-
minal (and, if desired, the surrounding shield)
is composed of high resistance material I7® in
place of metal. The material tha: I employ for
this purpose is one capable of withstanding the
effects of sparkover and also the transient flow
“of current when it occurs.” My invention is no¢
limited to any particular metallic substance for
the purpose, such substance beinz equivalent in
function to the introduction of impedances be-
tween one section of the terminal and another as
disclosed in other emhodiments of my invention
herein.

Fig. 7 represents in veriical transverse section
the high voltage terminal formed of high re-
sistance material, ir place of metal. Such a con-
struction of the terminal (and, if desired, of the
shield or shields outside thereof, if employed)
is within the broad principle of my invention,
namely, so forming the surface of the high volt-
age terminal that there exists a high impedance
to the flow of charge from one region of the sur-
face thereof to another.

In said Fig. 7, the terminal is represented at
{Te, by the two curved lines with dots therebe-
tween, which showing is intended to indicate a
semi-conductor, which may, for example, be car-
bon-impregnated rubber, or iron-oxide impreg-
nated porcelain or other suitable non-metallic
materisal.

In Fig. 8, I have somewhat diagrammatically
indicated an electrode or terminal | constructed
of rings 2, as described in connection with Fig. 1,
and the tank 8, and I have diagrammatically in-
dicated voltage at V and also the upper end of
the supporting column.

In Fig. 9 T have represented a circuit to indicate
the electrostatic action in the event of a discharge
of stored energy released through sparkover.
Therein C indicates the capacitance of the ter-
minal to ground, and V indicates the potential
of the terminal above ground. The symbol CVZ%/2
indicates the stored energy of the terminal.

In Fig. 10 the tank is indicated at 9, but instead
of providing rings 2 or rods or slots as described in
other forms or embodiments of my invention, the
said electrode or terminal { is composed of a suit-
" able plurality of sections, such as 18, 182, 18%, or
more, each of which may be of uninterrupted
sheet construction, as in the said Patent No.
2,252 668, and wherein the next adjacent ones of
the sections 18, 18%, i8P, etc. are connected by re-
sistance 19 and by impedance 20, either or both
of which may be employed to connect each two
adjacent sections. In such construction the dis-
charge path of stored energy released by flash-

over would be as disclosed in the diagram Fig. 11,

wherein resistance is indicated at 22 and im-
pedance at 283.

: 10
The herein disclosed manner of delaying the
development. of transients along the surface of

. the electrode or terminal 1 is, in accordance with
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my invention, employed also in the supporting
column of the generator for the same purpose of
delaying the development o! transients along the
supporting column.

Referring more particularly to Fig. 12, the elec-
trode or terminal 1 is shown as composed of the
connected rings 2, but any of the other construc-
tions herein illustrated for the electrode or ter-
minal, or their equivalents, may be employed.
The supporting column is or may be of the same
construction Indicated in Flig. 1 (and such parts
thereof need not be described in detail), but the
entire column is divided into sections, the next
adjacent sections thereof being connected togeth-
er through s high impedance, several forms of
which are schemadtically indicated at the right-
hand side of Fig. 12, and are also illustrated in
Fig. 11, which is intended diagrammatically to in-
dicate the employment in a circuit of a set of
small condensers in parallel, sald condensers be-
ing connected together through high impedance
as far as short-time transients, such as sparkover,
are concerned.

I have herein indicated in Fig. 12 four sections
21, 2is, 21®, 21¢, constituting the supporting col-
umn, but it is to be understood that the number
of sections depends upon the height of the sup-
porting column, and that & very considerably
larger number of sections than illustrated msay
well be employed, in which case the supporting
column would be correspondingly longer; or &3
few as two sections may be used, constituting &
short column.

The adjacent ends of each two next adjacent
sections are spaced one from another and are
insulated for a high voltage. Substantially no
voltage difference exists between such two next
adjacent ends of these sections, however, under
norma) steady-state operation, since they are
electrically connected together by a conductive
connection, diagrammatically indicated in Figs.
11 and 12. This connection is desirably in the
form of one or more turns of wire or in any other
shape that would offer high impedance to the
high-frequency components of a transient cur-
rent. In PFig. 12, at the right thereof, I have
first represented a resistance 22. As an alterna-
tive construction I have at 23 represented an In-
ductance, and at the extreme right I have repre-
sented both a resistance 22 and an inductance 23.

In Fig. 11, wherein a circuit iIs represented,
providing high impedance as far as short-time
transients, such as sparkover, is concerned, and
wherein also small condensers in parallel are pro-
vided, I have represented both a resistance at
22 and also an inductance at 23 between each
two next adjacent sections. The construction
is such that if a transi-nt disturbance attempts
to propagate from one section into the next ad-
jacent section, it encounters the disclosed high
impedance barrier which both reduces the mag=-
nitude of the disturbance that is propagated and
delays the propagation of this disturbance into
the next adjacent section. It is desirable, in order -
to secure the stated effect, that the capacitance
between two next adjacent ends of the sections
be well insulated from one another excepting for
the described connection, and that the inductive
connection have s minimum or mutual capacity,
and that the connection also have considerable
chmic resistance, as hereinbefore referred to.

These elements 20 and 23 constitute an in-
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ductive network and the elements {§ and 22 con-

stitute a dissipative network, by which latter .

term is also meant a resistance network. These
elements 1§, 20, 22, 23, are all used for the pur-
pose of reducing the destructive effect of an un-
wanted electrical discharge within a pressure-
insulated electrostatic gemerator which has a
high-voltage terminal, an insulating column for
the terminal and a movable charge~conveyor for
conveying charges between the sald terminal and
glround, that is to say, they are in each instance
in series with the path of such discharge, so as
to reduce. the peak value of the current in the
discharge and to increase its duration in time
by a substantial amount.

Referring particularly to Fig. 11, in the con-

10

ventional terminat of a high-voltage electro-

static generator, the eircuit thereof is a simple
condenser representing its capacitance to ground.

The circuit of the corresponding terminal, in :

accordance with my invention, is a parallel set

of smaller condensers Indicated at 24, the sum of

which is the same as before, but which are con-
nected together through high impedance as far
as short-time tra.ns!cnts such as sparkover is
concerned.

In the partially diagrammatic Fig. 12, the said
condensers are also shown at 24.

Having thus described several embodiments of
the apparatus by which the invention may be
practiced, it is to be understood that although
specific terms are employed, they are used in a
generic and descriptive sense and not for pur-
poses of limitation, the scope of the invention
being set forth in the following claims.

¥ claim: .

1. Means for inhibiting or reducing the effect
of unwanted sparkover discharges from s high-

voltage terminal in an apparatus for generating

and building up high-voltage, electrostatic, direct-
current potentials, comprising within & tank a
high-voltage terminal of such apparatus, said
high-voltage terminal having therein high im-
pedance opposing the flow of charge from one
region of the said high-voltage terminal to an-
.other region thereof, thereby reducing the capaci-
tance that can be discharged from sald terminal
in the process of generating such high voltage
in 'a given interval of time, and also thereby

spreading out the discharge over a longer period

of time, and also thereby reducing the peak of
the discharged current. -

2. In an electrostatic apparatus for the pur-
pose of reducing the effect of sparkover, a high

voltage terminal of general dome-shape and of

relatively large surface area, the said surface
of sald terminal having & high-impedance struc-
tural formation incorporated therein, that divides
the sald surface into a plurality of different
regions, thereby presenting a high impedance to
the flow of charge from one region of said sur-
face to another region of said surface, thereby
reducing the peak value of the discharge current
and spreading the discharge over a Ionger period
of time.

3. In an electrostatic apparatus, for the pur-
pose of reducing the -effect of sparkover, a high
voltage terminal of general dome-shape and of
relatively large surface area, the said surface
being divided into a multiplicity of surfaces of
individually small area and physically attached
together.

4. In an electrostatic -apparatus, for the pur-
pose of reducing the effect of sparkover, & high
voltage terminal of geneul dome-shape and of
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relatively large surface area, the said high volt-
age ferminal being composed of a plurality of
closely spaced rings physically attached together:
to constitute a single electrode.

5. In an electrostatic apperatus, for the pur-
pose of reducing the effect of sparkover, a high
voitage terminal of general dome-shape and of
relatively large surface ares, the said high volt-
age terminal being composed of a plurality of -
closely spaced rings physically attached together
to constitute a single electrode, the connections
between the said rings having high resistance.

6. In an electrostatic apparatus, for the pur-
pose of reducing the effect of sparkover, a high
voltage terminal of general dome-shape and of
relatively large surface area, the said high volt-
age terminal being composed of a plurality of
closely spaced rings physically attached together
to constitute a single electrode, the connections
between said rings having inductance.

7. In an electrostatic apparatus, for the pur-
pose of reducing the effect of sparkover, a high
voliage terminal of general dome-shape and of
relatively large surface area, the said high voit-

5> age terminal being composed of a plurality of

closely spaced rings physically attached together
to constitute a single electrode, the connections
between the said rings havlng both high resist-
ane and inductance.

8. In an electrostatic apparatus, for the pur-
pose of reducing the effect of sparkover, & high
voltage terminal of general dome-shape and of
relatively large surface arema, the sald surface
being divided into a multiplicity of surfaces of

5 individually small area and physically attached

together, a shield concentric with the said ter-
minal and of approximately the same shape, the
surface of the sald shield being divided into a
multiplicity of surfaces of individually small area
and physically attached together.

9. In an electrostatic apparatus, a high voltage
terminal having a relatively large surface adapted
to be electrically charged, and at least one shield
outside of and concentric with said terminal and
of approximately the same shape, at least one
of the sald parts being constructed as a metallic
sheet slotted at a multiplicity of areas so as to
cause surface currents to take a devious route in
order to reach the discharge point.

10. In an electrostatic apparatus, a high volt-
age terminal having a relatively large surface
adapted to be electrically charged, and at least
one shield outside of and concentric with sald
terminal and of approximately the same shape,
at least one of the said parts being composed of
& rod wound into a close-spaced single-layer
helix.

11. In an electrostatic apparatus for the pur-
pose of reducing the effect of sparkover, a high
voltage terminal of general dome-shape and of
relatively large surface area, the said surface

. being composed of high-resistance material, to
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create & high impedance to the flow of charge
from one region of the said surface to another
region thereof.

~12. An electrostatic apparatus comprising a
stationary, high voltage terminal, a movable
charge conveyor for conveying charges between

"~ the terminal and ground, a tank enclosing said

apparatus, at least one stationary shield inter-
mediate the said terminal and the tank, said
apparatus, for the purpose of reducing the effect
of discharges from said terminal and from said
shield or shields, having at least one of szaid
stationary parts within the tank divided into a
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plurality of sections with high impedance and
dissipative connections between each of such

sections. . )

" 13. An electrostatic apparatus comprising &
stationary, high voltage terminal, & movable
sharge conveyor for conveying charges between
the terminal and ground, a tank enclosing said
apparatus, and a plurality of stationary spaced
shields intermediate thé terminal and the tank,
said apparatus, for the purpose of reducing the
effect of unwanted discharges from the terminal
or from the said shields, having at least one
of said stationary parts within the tank divided
into a plurality of sections with high impedance
ta,m:.;i dissipative connections between each of said

. sections.
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15.

14. An electrostatic apparatus comprising a

stationary high voltage terminal, a movable
charge conveyor for conveying charges between
the terminal and ground, a tank enclosing said
apparatus, at least one stationary shield inter-
mediate the said terminal and the tank, said
apparatus, for the purpose of reducing the effect
of discharges from said terminal and from said
shield or shields, aving at least one of sald
stationary parts within the tank composed of
high resistance material, to create a high im-
pedance to the flow of charge from one region
of the surface of one of said parts to another
region of said part.

15. An electrostatic apparatus comprising a
high voltage terminal, a movable charge con-
veyor for conveying charges between the terminal
and ground, a tank enclosing said apparatus, and
a plurality of spaced shields intermediate the
terminal and the tank, said apparatus, for the
purpose of reducing the effect of unwanted dis-
charges from the terminal or from the sald
shields, having the sald shiclds and also the said
terminal each divided into a plurality of sec-
tions, with high impedance and dissipative con-
nections between each of such sections.

16. A pressure-insulated electrostatic generator
comprising a stationary high voltage terminal,
a stationary insulating supporting column for
sald terminal, a movable charge conveyor for
conveying charges between the terminal and
ground, a tank surrounding said parts, and means
for reducing the destructive effect of an unwanted
electrical discharge in at least one of said two
stationary parts within the said generator, com-
prising an inductive nétwork which is in series
with the path of such unwanted discharge, there-
by functioning to reduce the peak value of the
current in the discharge and to Increase its
duration in time by a substantial amount.

17. A pressure-insulated electrostatic generator
comprising a stationary high voltage terminal,
a stationary insulating supporting column for
said terminal, a movable charge conveyor for
conveying charge between the terminal and
ground, a tank surrounding said parts, and means
for reducing the destructive effect of an unwanted
electrical discharge in at least one of said two
stationary parts within the said generator, com-
prising a dissipative network which is in series
with the path of such unwanted discharge, there-
by functioning to reduce the peak value of the
current in the discharge and to increase its
duration in time by a substantial amount.

18. A pressure-insulated electrostatic generator
comprising a stationary high voltage terminal,
a stationary insulating supporting column for
said terminal, a movable charge conveyor for
conveying charges between the terminal and
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ground, & tank surrounding said parts, and means
for reducing the destructive effect of an unwanted
electrical discharge in at least one of said two
stationary parts within the said generator, com-
prising an inductive and a dissipative network
which is in series with the path of such unwanted
discharge, thereby functioning to reduce the peak
value of the current in the discharge and to
increase its duration in time by a substantial
amount.

19. An electrical apparatus comprising a high-
voltage stationary. terminal, a movable charge
conveyor for conveying charges between the ter-
minal and ground, a stationary insulating sup-
porting column for sald terminal, and a tank
enclosing sald parts, one at least of said sta-
tionary parts within the tank being divided into
a plurality of lengthwise spaced sections, and
means for reducing the destructive effect of an
unwanted electrical discharge occurring in either
one of sald stationary parts, which means com-
prises an inductive network between said spaced
sections of at least one of said stationary parts
and which network is in the path of such dis-
charge when occurring in at least one of said

- stationary parts, thereby reducing the peak value
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of the current in the discharge and increasing its
duration in time by a substantial amount.

20, An electrical apparatus comprising 2 high-
voltage stationary ferminal, a movable charge
conveyor for conveying charges between the ter-
minal and ground, a stationary insulating sup-
porting column for said terminal, and a tank
enclosing said parts, one at least of said station-
ary parts within the tank being divided into &
plurality of lengthwise spaced sections, and
means for reducing the destructive effect of an
unwanted electrical discharge occurring in either
one of said staticnary parts, which means com-
prises a dissipative network between said spaced
sections of at least one of said stationary parts
and which network is in the path of such dis-
charge when occurring in at least one of sald
stationary parts, thereby reducing the peak value
of the current in the discharge and increasing
its duration in time by a substantial amount.

21. An electrical apparatus comprising a high-
voltage stationary terminal, a movable charge
conveyor for conveying charges between the ter-
minal and ground, a stationary insulating sup-
porting column for said terminal, and a tank
enclosing said parts, one at least of said station-
ary parts within the tank being divided into a
plurality of lengthwise spaced sections, and
means for reducing the destructive effect of an
unwanted electrical discharge occurring in either
one of said stationary parts, which means com-
prises an inductive and a dissipative network
between said spaced sections of at least one of
said stationary parts and which network is in
the path of such discharge when occurring in at
least one of said stationary parts, thereby reduc-
ing the peak value of the current in the discharge
and increasing its duration in time by a sub-
stantial amount.

22, An electrostatic, high-voltage, belt-gener-
ator apparatus or system having means for re-
ducing destructive transients therein, comprising

" a stationary high-voltage terminal, a movable

charge conveyor for conveying charges between
the terminal and ground, and thereby building
up electrostatic charges of one sign upon the
terminal, and removing charges of-the opposite
sign from said terminal, a stationary, insulat-

‘18 ing supporting column for such terminal, a tank
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enclosing sald parts, one at least of sald station-

ary parts within' the tank being divided into a
plurality of lengthwise spaced sections connected
by high impedance network for the purpose of
inhibiting or reducing the effect of unwanted
sparkover discharge from one at least of said
stationary parts within the tank, such imped-
ance networks between lengthwise spaced sections
of at least one of said stationary parts within
the tank acting to reduce the capacitance that
can be discharged in the process of generating
the high voltage of the apparatus or system in
a given interval of time, and also acting to spread
out the discharge of unwanted sparkover from
at least one of such stationary parts within the
tank over & longer period of time, and thereby
reducing the peak of the discharged current.
23. An electrostatic,” high-voltage, belt-gener-
ator apparatus or system having means for re«
ducing destructive transients therein, comprising
a stationary high-voltage terminal, a movable
charge conveyor for conveying charges between
the terminal and ground, thereby building up
" electrostatic charges of one sign upon the ter-
minal, and removing charges of the opposite sign
from said terminal, a stationary, insulating, sup-
porting column for such terminal, g tank enclos-
ing said parts, said terminal being divided into a
plurality of spaced sections connected by high

impedance network for the purpose of inhibiting ¢

or reducing the effect of unwanted sparkover
discharge from said terminal, such impedance
network between sections of said terminal acting
to reduce the capacitance that can be discharged
in the process of generating the high voltage of
the apparatus in & given interval of time and
also acting to spread out the discharge of un-
wanted sparkover from such terminal over a
longer period of time, and thereby reducing the
peak of the discharged current.

24. In an electrostatic apparatus, a high-volt-
age terminal having a relatively large surface
adapted to be electrically charged, said high-
voltage terminal being composed of a rod wound
into a close-spaced single-layer helix, the spires
thereof being physically connected by means pro-
viding high impedance therebetween, a movable
charge carrier for conveying charges between the
sald terminal and ground, and a tank enclosing
said terminal and charge conveyor..

25. An electrostatic apparatus comprising a
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high voltage terminal,. a movable charge con- -

veyor for conveying charges between the terminal
and ground, a tank enclosing said apparatus, and
a supporting column for the sald high voltage
terminal, said column being constructed of alter-
nate layers of insulating and conducting mate-
rials and an inductive network connected between
adjacent conducting layers at a plurality of

spaced points along-the column so as to intro- -

duce a high impedance to the flow of transient
currents. .

26. An electrostatic apparatus comprising a
high voltage terminal, a movable charge con-
veyor for conveying charges between the terminal
and ground, a tank enclosing said apparatus, and
a suppbrting column for the said high voltage
terminal, said column being constructed of alter-
nate layers of insulating and conducting mate-
rials, said column beéing divided into a plurality
of superimposed sections, the adjacent ends of
each two next adjacent sections being spaced
from each other but connected together by a con-
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the high frequency component of a transient
current. '

27. An electrostatic apparatus comprising a .
high voltage terminal, a movable charge con-
veyor for conveying charges between the terminal
and ground, a tank enclosing said apparatus, and
a supporting column for the said high voltage
terminal, said column being constructed of alter-
nate layers of insulating and conducting mate-
rials and an inductive and a dissipative network
connected between adjacent conducting layers at
a plurality of spaced points along the column so
as to introduce a high impedance to the flow of
transient currents.

28. An electrostatic apparatus comprising a
high voltage terminal, a movable charge con-
veyor for conveying charges between the terminal
and ground, a tank enclosing said apparatus, and
& supporting column for the said high voltage
terminal, said column being constructed of alter-
nate layers of insulating and conducting material,
sald column being divided into sections, the adja-
cent ends of each two sections being spaced from
each other and insulated for a high voltage.

29. An electrostatic apparatus comprising a
high voltage terminal, a movable charge con-
veyor for conveying charges between the terminal
and ground, a tank enclosing said apparatus, and
a supporting column for the said high voltage
terminal, said column being constructed of alter-
nate layers of insulating and conducting material,
said column being divided into sections spaced
one from another but electrically connected to-
gether by an inductive connection offering high
impedance to the high frequency components of
a transient current, thereby reducing the magni-
tude of the propagated disturbance and delay-
ing the propagation of such disturbance into the
adjacent section of the supporting column. .

30. An electrostatic apparatus comprising a
high voltage terminal, a movable charge con-
veyor for conveying charges between the terminal
and ground, a tank enclosing said apparatus, and
a supporting column for the said high voltage
terminal, said column being constructed of alter-
nate layers of insulating and conducting material,
sald column being divided into sections spaced
one from another but electrically connected to-
gether by an inductive connection offering high
impedance to the high frequency components of
& transient current, thereby reducing the magni-
tude of the propagated disturbance and delaying
the propagation of such disturbance into the
adjacent section of the supporting columns, the
adjacent ends of the sections being insulated one .
from the other and constituting a capacitance
across which the -inductive and dissipative net-
work is connected.

31. An electrostatic apparatus comprising a
high voltage terminsal, a movable charge con-
veyor for conveying charges between the terminal
and ground, a tank enclosing said apparatus, and
a supporting’ column for the said high voltage
terminal, said column being constructed of alter-
nate layers of insulating and conducting material,
said column being divided into sections, the adja-
cent ends whereof are separated and Insulated
from each other except for a connection between
them comprising a high impedance network hav-
ing both an inductive and a dissipative com-
ponent. .

32. An electrostatic apparatus comprising &
high voltage terminal, s movable charge con-
veyor for conveying charges between the terminal

ductive connection presenting high impedance to 75 and ground, a tank enclosing said apparatus, and
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a supporting column for the said high voltage
terminal, said column being constructed of alter-
nate layers of insulating and conducting material,
sald column being divided into sections, each
section consisting of spaced and mutually insu-
lated equipotential plane-elements, the abutting
ends of the adjacent sections being separated by
insulation and connected by an impedance which

5

prevents any difference of potential between them

under normal steady-state operating conditions,
but which causes the development of a large dif-
ference of potential in the event of a transient
discharge lengthwise the said supporting column,
such difference of potential serving in the opera-
tion of the apparatus to absorb the energy of
such a discharge and to reduce both its magni-
tude and speed. - .

33, Means for inhibiting or of reducing the
effect of unwanted sparkover discharges from the
high voltage terminal or from the equipotential
shields of pressure-insulated electrostatic gener-
ators or from both, comprising a supporting col-

umn for the terminal divided into a plurality

of sections, the adjacent ends whereof are axially
spaced from each other, and are axially insulated
from-each other except for a connection between
them comprising a high-impedance network hav-
ing both an inductive and a dissipative com-
ponent which is without effect in the normal
operation of the generator, but which introduces

a high impedance to an electrical discharge

lengthwise the column.

- 34. Means for inhibiting or reducing the de-
structive effect along and within the supporting
column of an electrostatic generator having a
high voltage terminal and a movable charge con-
veyor for conveying charges between the terminal
and ground, comprising- a supporting column
divided into a plurality of sections, the adjacent
ends whereof are axially spaced from each other,
and are axially insulated from each other except
for a connection between them which constitutes
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a high impedance network having both an induc-
tive and a dissipative component which is with-
out effect in the normal operation of the gener-
ator, but which introduces a high impedance to
an electrical discharge lengthwise the column.’
35. Means for inhibiting or reducing the de-
structive effect along and within the supporting
column of an electrostatic generator having a
high voltage terminal and a movable charge con-
veyor for conveying charges between the terminal
and ground, comprising a supporting column
divided into a plurality of sections, each of which
consists of spaced and mutually insulated equi-
potential plane elements, the adjacent ends of
the next adjacent sections of which the column
is composed being axially spaced from each other
and separated by insulation and connected by
an impedance which prevents any difference of
potential between them under normal steady-
state operating conditions, but which causes the
development of a large difference of potential in
the event of a transient discharge lengthwise such
column, and which potential serves to absorb the
energy of such a discharge and to reduce its mag-
nitude and increase its duration.
JOHN G. TRUMP.
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