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8 Claims.
Our invention relates to electrostatic devices

‘and concerns: particularly such devices arranged

as voltmeters.
The principal object of our 1nvention is to pro-

“duce an electrostatic voltmeter of high sensitivity,
especially one which is suitable for high-voltage

. circuits. Other and further objects and ad-
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vantages will become apparent as the description
proceeds.

The features of our 1nvention which are be--'
lieved to be novel and patentable are pointed out

A better under-
standing of the invention may be obtained by re-

in the claims appended hereto.

ferring to the following description taken in con- I

nection with the accompanying drawing in which
Fig. 1 represents schematically, partially in per-

spective, one embodiment of our invention: Fig.

2 represents in elevation several elements of the
apparatus of Fig. 1, separated to avoid confusion
but showing the relative position of the parts of

the several elements; and Fig. 3 represents an-

other embodiment of our invention.

The apparatus illustrated in the drawing in-

cludes a grounded low-potential terminal {{ and
a high-potential terminal {2 mounted on an in-
sulating part 13. A plate 14, which may be cir-

terminal 12 to serve as a high-potential elec-
trode. There is provided opposite the electrode
I4 and substantially parallel thereto a rotatable
disc 15 carrying a plurality of sectors 16 to 2

of conducting material symmetrically arranged

about the center of rotation of the disc 15. Suit-
able means, such as the motor 22, are provided
for rotating the disc 15 and the conducting sectors
al a uniform speed. In the case of alternating-

- eurrent circuits, the motor 22 may take the form of
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tors 16—21.

- a8 synchronous motor fed by a current of the same

frequency as that of the voltage to be measured.

A grounded shield 23 composed of conducting
material or faced with conducting material is in-
terposed between the high-potential electrode {4
and the rotatable disc |5 with its conducting sec-
The shield 23 is provided with sec-
tor-shaped openings 24, 25 and 26, symmetrically
placed about a central point and registering with
alternate conducting sectors of the disc 15 when
it is in the proper angular position. There are,
however, only half as many openings in the shield
23 as conducting sectors on the disc 15. -

In order to produce an indicating current of
constant polarity, a commutator 27 is provided

which is mechanically connected to the disc 15
or arranged to rotate synchronously with it. The
commutator 21 has as many segments as there

trie charge is collected by the sectors.
‘age measured by the device as shown 1s, of course,
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are cbnducting sectors on the disc 1), and corre-
sponding segments and sectors are electrically

- connected. Alternate sectors on the disc 15 are
-also electrically connected. If desired, alternate
- sectors 16, 18, and 20 may be connected by a con-
“ductor 29,. alternate sectors 171, 18, and 2| by a
conductor 28, and the corresponding alternate
. segments of the commutator 21 may likewise be

connected to form two groups. Then only two
connectors 30 and 31 need be provided to effect
the connection between corresponding disc sec-
tors and commutator segments.

Brushes 32, cooperating with the commutator
21, are-provided for drawing off the electrostatic
charges collected by the conducting sectors on the
disc. 15 and a current-responsive device 33 is prc-

vided for measuring the amount of the charge

collected. For the sake of safety, it is preferable
to ground the circuit of the instrument 33 in
some suitable manner as by connecting one of
the brushes 32 to the grounded terminal . It
is obviously a decided advantage of our invention
that the arrangement permits grounding or keep-
ing at low potential all the apparatus with which
an operator is- most likely by inadvertence to

come in contact.
cular in shape, is attached to the high-potential -

It is apparent that the high-potential electrode
I4 will produce an electrostatic field proportional
in strength to the voltage to be measured. The
charges collected by the sectors i6 and 21 as they
are exposed by the openings in the shield 23 will,

‘therefore, be dependent upon the voltage to be

measured. As the two groups of sectors 16, 18,
and 20, and 117, 19, and 21 are charged alternately
and the connections to the current-responsive
device 33 are alternated as often as a sector be-
comes fully exposed to the electrostatic field, the
sectors will be discharged through the current-
responsive device 33 and a current will flow in
device 33 dependent upon the rate at which elec-
The volt-

the voltage of the high potential electrode (4
with respect to ground “potential” and the ground
terminal {1 serves as the low potential terminal
of the apparatus.

Inasmuch as the charge acquired by a flat plate

- forming one of the plates of a condenser is pro-

portional to the product of the voltage and the

area of the plate, the increment of charge coi-
lected by one of the sectors 16 to 21 as they be-

come exposed ‘to the electrostatic fleld will be
dq=—KkE.ds
where k is a constant, E is the voltage and ds
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 is the lncrement of exposed area ot one oi the

sectors as it rotates.

The current flowing in the instrument 33 will
| be the time derivative of the charge or |

| dq ds .
I_Tt_kEdt Sl i

For : given speed of rotation of the sectors.

' the rate of change of EXDOSECI area
10 . |

ds. , " |
dt - g -

will be inversely proportional to the number of
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‘sectors on the disc 5. It is apparent, therefore,
that the sensitivity of the apparatus will in-

crease with the number of sectors. For example,

by employing six sectors as shown, a current { -

is obtained which is three times that which would

‘be obtained if there were only two semicircular
sectors on the disc 15 and one semicircular open-

~ ing in the shield 28, other conditions being un-
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- changed.

-Although we have illustrated an arrangement

" in which the shield 23 is stationary and the con-

ducting sectors 16 to 21 are movable, it will be

- understood that our ‘invention is not limited to
~ this precise arrangement but obviously includes

~the sectors, rotates or in which both shield and
. sectors rotate.
~ For example, in the arrangement of Fig. 3, the
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arrangements in which the shield 23, instead of

insulating disc 15 with the sectors 16 to 21 is sta-
tionary, having an axial opening therein to per-

‘mit & shaft 34 driven: by the motor 22 to project
,through the disc {5 and rotate the shield 23.
-Although the parts are shown separated for the

sake of clearness in the drawing, it will be under-

- stood that the shield 23 and the dis¢ 15 are pref-

- erably as close together as mechanical considera-
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tions permjt The shield 23 may be grounded if

- desired, by a brush 35.
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In the arrangement of Fig. 3, no commutator

is needed and the conducting sectors: 16 to 21
-may be connected directly to the indicating in-
‘strument 33. If the instrument 33 is of a type
Tesponsive only to direct currents, a rectifier 36,

for example, a bridge connected full-wave recti-
fier of the copper-oxide type, may be interposed

In the circuit of the instrument 33.

‘While we prefer to utilize the shield 23 Wlth its

'openings 24, 25, and 26 in order that the con-

ducting sectors 16 to 21 will definitely be sub-

jected to and withdrawn from the influence of the
electrostatic field from the electrode 4, our in-
‘vention is not limited to the precise arrangement

.~ shown but obviously includes any arrangement
for subJecting a plurality of conducting surfaces

- tional to a voltage to be measured and withdraw-
60
~+ such as, for example forming the electrode 14 as

to the influence of an electrostatic field propor-

ing the surfaces from the influence of the field,

- & plurality of coplanar sectors corresponding to
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the openings in the slueld 23 and then omitting
‘the shield 23. |

While we have described the shield 23 and the

'Ldisc 15 as being planar and the openings and

conducting. surfaces 24 to 25 and 16 to 21 as being

- sector-shaped since the electrode 14 is shown as

planar, it will be understood that cooperating sur-
faces of some -other shape may be employed.
~In using the apparatus to measure alternating

voltage-s it will be understood that the motor 22

is to be driven at such a speed that each con-

~ ducting sector is always fully exposed to the in-
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fﬂuence oi the electrostatic field when the voltage

2,033,032

‘has & given polarity,. more particular_ly at a given
point in the voltage wave, preferably the peak.
In the arrangement shown, with six conducting

segments, the motor-82 would accordingly be ar-

- ranged to run at a speed in revolutions equal to
one-sixth the frequency in cycles of the alter-

nating voltage to be measured. For example, a

- twelve-pole synchronous motor might be em- .
ployed, energized from the same power system . as

the voltage to be measured. -

In accordance with the provisions of the pat-
ent statutes, we have described the principle of
- operation of our invention together with the ap-
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paratus which we now consider to represent the

- best embodiment thereof but we desire to have it
- understood that the apparatus shown is only il-

lustrative and that the invention may be carried C

out by other means.

What we claim as new and desire to secure by- |

Letters Patent in the United States is:

1. A static voltage-responsive device compris-

ing in combination, & high-potential electrode, a

rotatable disc of insulating. material carrying a

-plurality of sectors of conducting material sym-.

metrical with respect to the center of rotation. of
said disc, a grounded shield between said high-
potential electrode and.said disc having half as

many sector-shaped cpenings therein symmetri-
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cally placed around a center ‘point as the nume- °

ber of sectors in said disc adapted to register

with said conducting sectors, a commutator hav-

ing segments electrically connected to corre-
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. Sponding sectors on said disc, alternate segments -

being also connected together, brushes, one of

which is grounded, cooperating with said com-
mutator to alternate connections as often as said
conducting sectors are either fully exposed or
fully covered by said shield, a current-responsive
device connected to said brushes, and means for
rotating said commutator and said dise.

2. A static voltage-responsive device compris-
ing in combination, a high-potential electrode, a
rotatable member including a plurality of insu-
lated sectors of conducting material, a shield be-
tween said high-potential electrode and said ro-

tatable member having half as many sector-,

shaped openings therein as the number of sec-

tors in said rotatable member adapted to regis-’

‘ter with said sectors, a commutator having seg-
ments corresponding to said rotatable sectors, al-
ternate rotatable sectors and alternate commuita-

tor segments being electrically connected, brushes
cooperating with sald commutator, a current-re-

sponsive device connected to said brushes, and

means for rotating Sald commutator and said seg-:

ments.

3. An electrostatic devme comprising in com-
bination & high-potential electrode, a charge-
collecting member including s plurality of in-
‘sulated sectors of conducting material, a shield
between . said high-potential electrode and said
charge-collecting member having half as many
sector-shaped openings therein as the number of
sectors in said charge-collecting member adapted
to register with said conducting sectors, said

shield and said charge-collecting member being -

relatively rotatable, a commutator having seg-
ments electrically connected to corresponding
sectors of said charge-collecting member, and

- brushes cooperating with said commutator, said

brushes and said commutator being relatively ro-
tatable.

4. A static voltage-responswe device compris-
ing in combination, a high-potential electrode, a
stationary member mcluding an even number of
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insulated sectors of conducting material, a ro-

tating shield between said high-potential elec-
trode and said stationary member having half
as many sector-shaped openings therein as the
number of sectors in said stationary member
adapted to register with sald sectors, alternate
conducting sectors being connected, and a cur-
rent-responsive device connected between ad-
Jacent conducting sectors. | |

9. A voltage-responsive device comprising
combination, & high~potential electrode, a charge-
collecting member including a plurality of insu-
lated areas of conducting material, a shield be-

- tween said high-voltage electrode and said charge-

collecting member having half as many openings
therein as the number of said conducting areas
on sald charge-collecting member adapted to
register with said conducting areas. said shield

and said charge-collecting member being relative-

ly movable, means for producing relative motion
thereof, and a current-responsive device con-
nectable between adjacent conducting areas on
sald charge-collecting member. |

6. A voltage-responsive device comprising in
combination, a high-potential electrode, a charge-
collecting member including a plurality of in-
sulated areas of conducting material, means for

subjecting said areas to the influence of the
electrostatic fleld from said high-potential elec-

trode and withdrawing said conducting areas

from the influence of said electrode alternately, a

low-potential terminal, a current-responsive de-
vice having a terminal connected to said low-po-
tential terminal and'a second terminal, and means
for connecting each of said conducting areas to

3

the second terminal of said current-responsive
device and to said low-potential terminal alter-
nately. |

7. A voltage-responsive device comprising in

combination, a high-potential electrode, a charge-

collecting member including a plurality of insu-
lated areas of conducting material, means for
subjecting said areas to the influence of the elec-
trostatic field from said high-potential electrode
and withdrawing said conducting areas from the
influence of said electrode alternately, a low-po-
tential terminal, and a current-responsive de-
vice having terminals connectable to adjacent
conducting areas of said charge-collecting mem-

ber, one of said current terminals being connect-
‘ed to said low-potential terminal.

8. A voltage-responsive device comprising in
combination, a high-potential electrode, a charge-
collecting member including a plurality of insu-

lated areas of conducting material, means for -

removing the influence of the electrostatic field
surrounding said high-potential electrode from
said conducting areas alternately and, while the
voltage to be measured has a predetermined po-
larity, subjecting said conducting areas alter-
nately to the influence of said electrostatic field,
a low-potential terminal, a current-responsive
device having a terminal connected to said low-
potential terminal and a second terminal, and

means for connecting each of said conducting :

areas to the second terminal of said current-
responsive device and to said low-potential ter-
minal alternately.

FRITZ HAUFFE.
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