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This work describes results of tests on three models of disc generators,

e two big models of which operated in compressed gas. The highest potontial
reached by the last model was Vo " 210 kV at idle run, Peak currents and
short-circuit currents reached 0.5 = 0.6 mA. At a charging current of 0,2 -
0.3 mA the secondary potential reached 160 - 170 kV.

INTRODUCTION

In a previous work (Models of High=Voltage Generators Operating in n
Liquid Dielectric) describing tests on models of electrostatic high=voltage
machines, we investigated the operating principle of electrostatic machines |
developed by us and analyzed their working cycle; namely: 1) charging at
primary potential, 2) rising of potential, 3) cut=off of charge at high
potehtiﬂ, and 4) lowering of potential of the remaining charge to the ‘
primary potential. The dependence of secondary potential on charge current
(exterior charasteristic) is expressed by the equations

(1)
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where I, is the maximum ourrent (short-ocireuit current), and vm is the
pesk potential which can be obtained in a high-voltage oirouit if the machine
has no leaks, In this case the value of V.. is deternined by the rasio
between maximum capacity Cy at the start of the charge at the primary poten-
tial and minimum capacity 33 at cutéoff of charge in the high-voltage

system:

: v =Sy (2)

max Cy !
Relation (1) is represented by the dotied line in Figure 1.

In reality due to the presence of leaks, the secondary potential V.
is determined by the rélation:

V, " IR, (3)

where If and Rt are current strength and resistance to leakage respectively.

The exterior characteristic of the machine varies and instead of the

characteristic 1 we sheil obtain the characteristic represented by the
continuous line in Figure 1.

The optimum operating condition of the machine will be at that charge
E In for which potential V2 approaches vn and product I‘Vn is maximum. In \

f order to increase the power and efficiency of operation of the machine, ?
capacity 03 should be kept as low as possible; this produces an increase of '
the characteristic slope and as a result enables one to obtain a strong

current at the same potential vz. Figure 1 shows am an example two char-

acteristics: capacity C. is twice smaller in the second case than in the

3
first. It is possible to verify that by decreasing the capacity 03 we

considerably increase the efficiency of the machine,
A At the same time the increase of ocapacity Cq (on account of increase ‘
of the operating area transporting the charge) produces bigger charging

currents.
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Hence, in order to increase the power and efficiency of operation of
the electrostatic machine, one must try to decrease capacity 03 and to

increase capacity 01.
One of the possibilities of inoreasing cl and decreasing 03 (introduc-

tion of internal screens) was checked by us in a previous work on a two-
rotor model. We expected to obtain a furthsr essential increase of capachty
cl, by enlarging the area of the rotor, Thus we were led to an entirely
different consttuction of the machine; namely, we replaced the cylindrical

rotor by round discs.

2. A SMALL 11-DISC MODEL
The basic elements of the model are flat ebonite discs with metallic

sectors, insulated from each other. One system of discs I is assembled on
the axis and constitutes the rotorj the second system of immobile discs II
makes the stator.

Discs I have the shape represented in Figure 2; here 1 - metallic
sectors and 2 - ebonite discs. The discs II are schematically represented
in Figure 3 (their exterior diameter is somewhat larger than that of discs

I); 3-- metallic sectors and i = ebonite ring.
Figure l represents a vertical cross-section through the model. All

sectors of the separate rotor discs lying on one vertical have metallic

connections (5).
The electric circuit is represented in Figure Se
This model, as well as those described in previous works, is supposed

to operate in liquid dielectric, namely kerosene,

The stator and rotor were mounted in an iron tank, 18 om in diameter

and 20 om high.

-3.
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The rotor consists of 11 discs, each of them having 30 metallic sectors.

Steel balls were connected in s special housing and on springs to the upper

disc. The balls slid on steel trays 7 and 8 during rotation of the rotor.

The discs were put on ebonite tube 10, in the middle of which passed stedl

passed through the ball bearings; one end, to which &
aperture in the upper ebonite cover

axis 11, The axis

pulley is attached, passed through an
The disce of the stator had 20 small sectors and two big ones

in such & way that a

of the tonk.
(A and B)., Esch disc wes cut along the 1ine a - b,
previously assembled séator could be dismantled along this plane, All sec-
tors of the stator along one vertical were connected by metal. Consecutive

sectors of the stator were connected by high=ohmic resistances of the order

of 109 ohms. The resistances were prepared f{rom paper goaked with India

ink and then covered with & protective layer of shellack.

The stator and rotor were assembled outside the machine and then

installed in the iron tank.
Betveen the first and second upper discs of the stat
h a way that the steel balls of the tenth disc of

or, movable steel

trays were attached in suc

the rotor could slide along the trays only during rotation, in which case

the balls compelled by centrifugal force pass beyond the surface of the

rotor.

The primary chargervas transmitted to the steel tray 73 it was then

discharged by tray 8; and the sec
The sectors of stator A were grounded and the sectors

ondary potential was 1ed out through the

ebonite insulator.

B were connected to the trays 8 and constituted the high=voltage electrodes.

Every sector of the rotor located between the grounded sectors of the

stator A forms & condenser. The total capacity of the system equals the

sum of the capacities of the sectors of separate discs.

oL -
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In this way we get a well developed surfaced of the rotor, allowing a
multiple increase of the operating surface (iA comparison with previcus
models) and a consequent increass of the charging currents.

On the opposite side the scectors of the rotor, falling between the
big sectors of stator B, resemble a Faraday pail and give off their charge,
thus continuously increasing the potential of the sector B.

We consicder as another advantage of the new model the smooth gradation
of potential, Between the high=veltage sectors B and the grounded sectors
A & otrong resistance is inserted with side-connections to each sector.

If the resistunce inserted between two consecutive dectors equals Ty then
the difference of potential between them will be

Vg = 1.xy
where Ir is the M leakage current of the resistance, the value of
which is determined by the relation

i I . ___V,-

roo=n .

Any difference of potential can be eaublillf"between consecutive sectors,
its Yalue bﬁng limited only by the rupture voltage across the gap between
the sectors,

A similar distribution is asutomatically established between sectors
of the rotor if the gap between the rotor discs ald stator discs is kept
constant, t3ince the charge of all rotor sectors is the same and constant,
the electric field between rotor sectors and stator sectors is the same too;

therefore the potential of a rotor sector will always be the same amount

higher than the potential of the corresponding stator sector. The difference
of potential between tham:maintains everywhere the value assigned at the

start of the charge.
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One more advantage of this construction, in comparison with previous
models, is that we can oreate a nearly constunt and homogeneous eleciric
field between the rotor plates and euator plates, which enables us to u:ln.
the operating potential of the electric field up to the value of the rupture
voltage.

3. FRESULTS OF TESTS

The principal aim of the small model was to check the possibility of
one's obtaining stron; currents with a highly enlarged area of rotor and
stator. We measured the maximum currente (lhon-cireutsmtl) and the
dependence of primary potential vl (for constant rotation) on number of
revolutions n (for vl = const,).

The results are represented in Figures 6 and 7, where the rectilinear
part of the characteristics showu and the nuperical values agree with compe
uted data.

The ratio of maximum to minimum capacity was determined from readings

of external characteristics of the modelst

H =18
Cy *

} It was found that the high-voltage sector, different from a Faraday ‘
pail, did not secure adequate discharge from the discs. This dissdwantage

e a2

origineted from the system of connections of the rotor sectors along the
vertical. One part of a rotor sector and the conductor (5) ccnnecting it
(Figure L and 5) protruded from the stator and retained a considerable

charge. This defect could not be corrected because of the model's small

. size,

-6 |
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In order to control the operation of resista:ces distributing the
potential along the stator, we measured the distribution of potentials during
operstion of the model as well as with an immobile rotor., Even in the case
where the leakage current through the resistances did not exceed 1% of the
ourrent tnmmittod.by the plates during the rotation of the rotor, the
distribution of potentials, with rotor rotating or not, did not exceed the
tolerunces., In this way it was found that even in the case of low current
in the distributing resistances, the charge induced in the stator sectors
by the rotating rotor discs does not introduce essential distortions in the
potential of the stator sectors.

L+ DOUELING OF THE CHARGING CURRENT

The operating part of the above-described model, as well as that of
previously described models, was only a half of the rotor, namely between
the part receiving the charge at low voltage Vl and the terminal discharger
at high=voltage V2 on the diametrically=-opposite side of the rotor. In
order to use the second half of the rotor, we transmitted to the rotor sectors
after they had yielded their charge to the high voltage sector a charge of
opposite sign, which they transmitted after half a rotation to the grounded
stator sector.

For this purpose an additional tray was instelled in the region of the
high-vpltage sector of the stator B, connected to the sector B by a suitably-
chosen resistance, Figure 8 shows a diagram of the current doubling and
the measuring part of the system,

As is seen from this diagram, the potential of tray a is smaller by
IR than the potential of tray 8; thus the rotor plate which contacts tray a
is charged negstively (Note: We assume that the primary charge is positive o)

-7-
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relative to sectors of ststor B. This negative charge is transmitted by
rotstion of the rotor, and the corresponding positive charge is transmitted
to the high=voltage circuit., The operatienal cenditions will be optimum
when IR = vl; then the negative charge emitted will have the same value as
the supplied positive charge. In this case we should obtain a double charg-
ing current,

With the given model we reached only a 45§ increase of currentj but we
did not require more than a basic check of the diugram of charge transmission,

becase deficiencies dus to this model's small size compelled us early to

design a bigger model.
5, BIO TWO=DISC MODEL WIFH 30 SECTORS

In the new model we decided to achicve greater perfection of high=-
voltage performance by way of better charge trarsmission. For this purpose
it was necessary that the rotor's metal sectors enter completely between
the stator's high=voltage sectors; but we vere compelled to give up the
metal connections between the rotor sectors located slong the axis, because
such connections necessarily protrude from the stator sectors. We had to
arrange instead a separate inlet and outlet of charge for each disc.

In order not to complicate the model with commutators we decided on
& two=disc rotor.

The model was designed for operstion in gas under pressure. A two=
disc model was assembled in an iron tank 300 mm tall inside and 700 mm in
diemeter inside. An ebonite insulator 90 mm in diometer able to tranemit a
voltage up to 200 kV passed through the gasket in the tank's side wall,

The rotor's axis passed through the gasket in the tank's cover. The pressure

inside the tank could reach 4 = 5 atmospheres.

-8-
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The rotor discs were made of ebonite sheets 10 mm thick. We set 30
bushings into the periphery of each disc. Steel balls were attached with
springe to the bushingsy during rotation the balls projected out from the
disc surface and rolled on steel trays sttached to the stator. The whole
surface of the disce was first coated with metal (by metal spraying) and
then a part of the coated surface was grounded; channel=like grooves sep-
arating the disc into 30 equal sectors were milled, The exterior radius of
the sectors was 245 mm, and the interior radius was 60 mm,

The sectors were made up of cepavate aluminum snctors, and each disc
consisted of 20 small and 2 big sectors. The siatcr consisted of 3 dimes
in such a way that each rotor disc was located between stitor discs. The
gaps between discs were 5 mm., The external radius of the stator sectors
was 280 mm, the interior 72 mmj the stator sectors covered the rotor sectors
from the inner and outer side.

Inside the big grounded sectors of the stator were attached insulated
steel trays which received the primary voltage vl. Inside the big high-
voltage sectcis two pairs of steel truys were set - one pair forttaking off
the charge the second for transmitting the charge.

On the exterior surface of the stator, steel bridges connected cor=
responding sectors of various stator discs, Between the bridges, resistances
were fixed for the distribution of potential between consecutive stator
sectors. Total of 22 resistances were used, each of 10]'O ohms, The big
high-voltage sectors had metallic plates on the generating surface, covering
the whole space between the sectors; it was supposed to be & good approx-
imation to a Faradasy pail.

Figure 9 shows the exterior characteristic for Vl = 1,5 kV, n = 1200
rev/min and p = 1 atm. The slope of the characteristic proves that this
model spproaches considerably a Faradey pailj the extrapolated value is
Voax = 130 KV3 hence: Ci|Cy = o] Vi = 81.

-9 a
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Jor p = 1 atm, however, we do not reach a potential of 130 kV. At
approximately 50 = 60 kV the corona effects sets in and thus prevents
further incresses of V,. The peak voltage V, reached only 60 - 65 kv,

It should he noticed that in this model we were unable to raise the
primary vpltage v1. At p = 1 atm and already at V1 = 2,5 kV, breakdown
discharges occurred between the stator sectors and rotor sectors, due to
inadequate choice of thernumbers of stator sectors.

At V, = 60 = 65 kV the voltaga drop hetween consecutive sectors reached
AV = 6 kV. Let us assume that we transmit to a rotor sector a charge at
voltuge Vl. When the rotor sector is located exactly under a stator sector,
its potential is really higher by v1 than the potential of the stator V,.
But when the rotor sector thereafter enters the next stustor sector with a
higher potential vi + AV and enters almost entirely into the stator sector
with potential Vi + AV, its own potential nearly reaches the value Vi + AV + 71,
while its edge only gets out from the sector with potentisl Vi. The poten=
tial difference between then is AV + V;. 1If V1 = 2,5 kV and AV = 6 kV, the
potential difference detween rotor and sector can reach at some mement the

value

V.

)t AV = 8,5 kV ,

For a gap S = 0,5 om, taking the marginal effect into consideration,
we can easily account for thpirmpture between rotor and stator.

The described conditions are very disadvantageous for the obtaining

]
!
!
|
|
l

of strong currents; indeéd, if we assume that as in our case (p = 1 atm)
the maximum permissible potential difference between rotor a~d stator is
8 kV, we can use only 2.5 kV for charge transmission, It is obvious that
for an efficient operation of the machine, we should have

V2>V,

=10 =
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The machine's characteristiocs were measured for various pressures up
top =L stm, Figure 10 shows the dependence of peak secondary poteniial
on pressure. As {s seen, divergence from proportionality occurs beyond 2 atmj
this proves the considerable inhomogeneity of the electric field between the
high=voltage construction and tank wall. The peak secondary potential at
pslatnwas V, ® 160 kv,

6, BIO TWO-DISC MODEL WITH 120 SECTORS

In order to eliminate the above-mentioned deficiencies, we constructed
new rotor and stator and mounted them in the same tank. The dimensions of
this model were the same as those of the previous model.
The rotor consisted of two ebonite discs, the surface of which was
metal coated (by spraying); grooved channels divided each disc into 120
sectors. Because the previous commutators were complicated, we changed to
a charge transmission utilizing the corona effect, The commutators were &
series of steel needles, fixed 0.5 = 1 mm distance from the rotor. A total
é of 3 pairs of corona brushes were installed: one pair in the grounded stator
sector for supply of charge was connected with the primary voltage; the re-
maining two pairs were located in the high-voltage stator sectors and wers
used for the taking-off and supply of charge of opposite sign. The transfer
from direct-contact transmission to corona-brush transmission should allow
one to increase the rotor's linear velocityj for stronger construction,
therefors, we made the rotor axis of steel and surrounded it with a thick
ebonite sleeve.

The stator was assembled from sprayed ebonite discs, each separated

into 80 small and 2 big sectors. Between the big stator sectors (high=-

voltage and grounded sectors) 4O small sectors were installed on each side.

-ll e
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Ab V2 = 60 kV, AV is 1.5 kV. If the permissible potential difference be-
tween stator and rotor is again § = 8.5 kV, then V, may reach 6 = 6.5 kV
and the condition v1>> AV may be satisfied, with charging ocurrents increased.
In order to distribute the potential among the stator gectors, we inserted
82 resistances. For convenient control of the brushes the space between
the high-voltage stator sectors on the exterior side was not shut off, ale
though this circumstance somewhat deteriorated conditions governing the
taking-off of the current.

Even the first readings proved that increasing the number of sectors
produced higher charging currents; at p ® 1 atm the primary potential could
be raised to V1 = § kV, i,e. nearly to the planned pre-determined value;
with favorable charge transfer, p ® L atm and rotational speed n = 1200 rev/min,
peak currents (short-circuit currents) reached 0.5 = 0.6 mA.

Tt should be noticed that the presence of a large number of distri- i
buting resistances and their insertion increased the nunber of sharp edges
and thus deteriorated the corona effect; hence in the first tests at

p = 4 atm we could obtain secondary potential of only V2 = 125 kV,

In the next testis we modified the connections in the stator sectors

and the location of distributing resistances, thus considerably decreasing

the corona effect and enabling us to obtain a sscondary potential of
Vo " 160 kV (at p = 4 atm), Direct readings of the shortecircuit current
with and without transfer of charge proved that we had completely doubled the
current; in addition the computed values of the current, taking into con-
sideration the doubling of the charge at transfer, entirely agreed with the
experimental values,.

The stage of minimum capacity in the high=voltage system was not yet
completely established; in these tests we had the ratios

|

|

GHe=220-21. t
%
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In order to clarify whether the corona brushes completely give up the

rharge, we made control tests by replacing the points by especially made
€1 remained neverthelese equal to 21y such
C3

a low value is probably due to the imperfect Faraday pail in the high=

contact brushes, But the ratio

voltage system.
Before the start of third series of tests, further modifications in

construction were made in order to improve the system of high=-voltage elec-

trodes and to deorease the corona in the tank, the latter effect 1imiting

the peak current.
By radically changing the connections between stator sectors and screen=
ing the distributing resistances and also by preventing the corona effect

on the axis and stator bearings, we succeeded in raising the peak secondary

4 voltage, first to 175 kV and later to 210 kV.
The improvement of the high=voltage system in the sense of better

approximation to & Faraday pail allowed us to raise the rntioC./c3 first

4o 30 and later to 49.

’ The summary of resulis is represented in Figure 11, where the curves
oo
3 1, 2, 3 and L represent the exterior characteristics with successive decrease

of corona effect and increase of the ratio Cﬂcs; as shown in the introduction

the machine's efficiency while increasing the supply charge at a given

operating potential v2.
The grudual elimination of spots with particularly sharp corona effect

£ the peak potential attained by the machine,

A

g

5

i%

1

!ﬂ (Figure 2) the decrease of capacity 03 allowed us to increase considerably
3

led to & considerable increase o

from 125 kV to 160 kV and later to 175 kV and 210 kV. The latter vol tage

was obviously 1imited by the corona effect at the potential output.

The above mentioned peek voltage 72 pertains to idaerrun operations

without exterior charge. At a charge of 0.2 = 0.3 mA (in the X-ray tube)

the secondary potential reached vz = 160 = 170 ¥V (for primary voltages equal

to 13 kV).
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We express our gratitude to mechanists F. A, Nikolayev and D, Goncha=
renko and to 1sboratory assistant Ao No Vorenin, who took an active part

in the construction,sssenbly and tests of the models.

7. SUMMARY OF RESULTS AND CONCLUSION

Three multi=-disc high=voltige eleotrostatic generators were tested
(a small 11-disc model operating in kerosene, and two big 2-disc models in
compressed gas).

1. The models consisted of a rotor assembled from separate discs,
which rotated between immobile discs of the stator. Metal-coated sectors
were fixed on the discs, and the desired potential distribution was obtained
among the sectors by means of distributed resistances, thus securing a
sufficiently homogenecus electric field on the periphery of the stator.

2, Readings of peak charge currents (short=circult currents) showed
good agreement between computed and experimental dataj the measurements of
exterior characteristice showed agreement between experimental and computed
characteristics.

3, Conditions governing the number of sectors on thelmchino discs
were clarifieds it ise required that the potential difference between conse=
cutive stator scctors (AV) be considerably smaller than the primary potential
difference Vy (AV<<V1). This condition was thoroughly proved by the trans=
ition from & 30-sector machine to & 120=-sector one.

It was verified that thetresistances distributing the potential between
the stator sectors operated satisfactorily.

4. The system of current doubling was checked by charging the rotor
sectors with a charge of opposite sign at the highe=voltage sector in the
transmission sector by means of additional commutator equipment and with
special additional resistances. For operation in ges or compressed gas the
complicated equipment of contact brushes was repleced by corona points, which

considerably eimplified the construction of the machine.

-1 -
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S. The exterior characteristios of big models operating in compressed
gas were tested., It was proved that the gradual elimination of points with
corona effect in the highevoltage system and the decrease of minimum capacity
03 at the take-off of the charge (increase of the ratio C'/c,) raised the
maximum charge of the model and its efficiency, thus allowing strong charg=
ing ourrents for a giver potential or a higher potential for a given current,

6. The potential of the two-disc 120-sector model under idle-running
operation was increased from 125 to 160 kV, later to 175 kV and finally to
210 XV. The latter was limited by the corona effect at the output terminal.
For a charge of 0.2 = 0.3 mA the secondary potential reached V2 » 160 -

170 kV at a primary voltage of Vl = 13 kV,

7. Tests proved that the milti=dise electrostatic generator may be a

' source of not only high-voltage, but also strong currents. In the construc-

tion of high-voltage electrostatic generstors operating in compressed gas,
most consideration shnuld be paid to the following two conditions:

a) The high=voltage system should secure as full as possible electro-
static shield forthe entering sectors of the rotor.

b) It is necessary to eliminate very carefully the points producing
the corona effect in the tank and to obtain iw—“r homogeneous wi..

At present we are testing in our laboratory a multi-disc generator,
designed to have a potential around 700 kV, of somewhat modified construction.

Results of investigations agree completely with the above-sxpressed

conditions.

-END -
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