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4 Claims.

The present invention relates to spark gap de-
vices, and more particulariy to high voltage gaps
cf either the single or multiple type such as are
used in lightning arresters.

The principal object of the invention is to pro-
vide a spark gap device having a very low impulse
ratio. The impulse ratio of a spark gap is de-
fined as the ratio of the surge breakdown volt-
age, under a surge rising at a specified rate, to
the 60-cycle or normal frequency breakdown
voltage. This ratio is an important characteris-
tic of spark gaps which are to be used in light-
ning arresters, since, in order to obtain the great-
est degree of protection, it is necessary for the
gap to break down as rapidly as possible when
a lightning surge cccurs, while the normal fre~
quency breakdown voltage should be as high as
possible in order to prevent operation of the gap
at the normal line voltage or on low-voltage dis-

turbances, such as may be caused by switching 2

operations. A low impulse ratio is, therefore,
highly desirable in lightning arrester spark gaps.

Another object of the invention is to provide
2 spark gap structure in which a capacitive shunt

is provided for the purpose of controlling the dis~ 2

tribution of voltage across the gap, and to bring
about changes in the voltage distribution at dif-
ferent frequencies, so as to cbtain the desired
breakdown characteristics.

A more specific object of the invention is to
provide g multiple spark gap structure which is
especially adapted for use in lightning arresters
and in which high resistance elements are ar-
ranged to form capacitive shunts for the gap to
control the voltage distribution across it in order
to obtain a low impulse ratio.

Further objects and advantages of the inven-
tion will be apparent from the following detailed
description, taken in connection with the accom-
panying drawing, the single figure of which is g
perspective sectional view of a spark gap device,
with the associated apparatus shown diagram-
matically.

The invention is shown in the drawing in con-
nection with a spark gap for a lightning arrester
of the so-called valve type. Arresters of this type
consist essentially of a spark gap device con-
nected in series with g valve or resistance ele-
ment between a transmission line, or other device
to be protected, and ground. The resistance ele-
ment preferably has valve characteristics; that
is, it is substantially a non-conductor or at least
has extremely high resistance at normal voltages,
but has the property of changing to a very low
resistance when the voltage applied to it rises
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above a predetermined value. The function of
the spark gap connected in series with the valve
element is to isolate it from the line under normal
conditions and to break down and connect it to
the line when a voltage surge cccurs, in order to
permit the surge to be discharged to ground.
After the surge has passed, the gap interrupts the
reiatively small current which tends to flow
through the high resistance of the valve element
and dgain isolates the arrester from the line.

The gap device | shown in the drawing com-
prises a switch gap element 2 and a quench gap
porticn 3 which are connected in series and
mounted in a tube 4 of suitable insulating ma-
terial, such as porcelain. The gap device | is
connected in series between a transmission line
conductor 8 and a resistance or valve element 6
which, in turn, is connected to ground, as indi-
cated at 7. The complete arrester, consisting of
the gap device | and valve element 6, may be
mounted in a suitable porcelain housing in the
usual manner, if desired.

The switch gap element 2 of the spark gap de-
vice | consists of spaced spherical electrodes 8,
the function of which is to interrupt the rela~
tively small leakage curreni after a surge has
been discharged, and thus disconnect the arrester
from the line. The quench gap portion 3 of the
spark gap device | consists of a plurality of gen-
erally disc-shaped electrodss 9 supported in the
tube 4 to form a multiple gap structure, the func-
tion of which is to reduce the current flowing
through the arrester after a surge has passed to
a very small value which can be readily inter-
rupted by the switch gap 2.

In order to control the voltage distribution
across the gap device, a capacitive shunt is pro-
vided for the switch gap 2. This shunt is most
conveniently provided by placing g layer of high
resistance or semi-conducting material 19 on the
cutside surface of the tube 4 and a similar layer
{i on the inside surface. These layers 10 and i1
are arranged to overlap, as shown in the drawing,
and are insulated from each other by the tube
4, The layer i@ is connected to the upper elec-
trode 8, as indicated at 12, while the other layer
{i is connected to the lower electrode 8 through
the uppermost electrode 3 of the quench gap por-
tiocn so that the two layers constitute a capacitive
shunt connected across the gap 2.

With this arrangement, when a voltage of nor-
mal frequency, such as 60 cycles, is applied to.
the spark gap device {, the distribution of volt-
age across the spark gap is such that the largest
part of the voltage drop occurs across the quench



gap portion 3. When a high-frequency voltage
or a rapidly rising impulse voltage is applied to
the gap, however, the effect of the capacitive
shunt will be to cause a different distribution of
the field, and a larger proportion of the total
voltage will appear across the switch gap 2, thus
causing it to break down very rapidly since the
voltage across it rises faster than the rate of rise
of the total voltage across the gap device {,because

of the change in distribution of voltage between

the switch gap 2 and the quench gap 3. For this
reason, very much lower surge breakdown volt-
ages can be obtained with this gap than are
usually obtainable with conventional spark gap
structures, and impulse ratios as low as unity or
less than unity are readily obtained.

A similar effect can be utilized to control the
distribution of voltage across the quench gap 8.
Thus, bands or narrow layers 13 of high resist-

ance or semi-conducting material may be placed .

on the outside of the tube 4 opposite the gap
spaces of the quench gap portion 3, and these
bands do not need to be connected to the elec-
trodes 9, but will affect the distribution of volt-
age. across the multiple gap assembly 3 because
of their capacitive effect. By suitably locating
these bands, any desired distribution of the volt-
age can be obtained so as to obtain the desired
breakdown characteristics. A plurality of indi-
vidual annular bands can be used or a single
long strip of semi-conducting material can be
wrapped around the tube 4 in the form of a helix
to provide the same effect. In either case, the
spacing between successive bands or between suc-
cessive turns of the helix may be made different
in different parts of the gap, so that by suitably
proportioning the widths and location of the
various bands and the spacings between them,
any - desired distribution of voltage can be ob-
tained so as to give the gap any desired break-
down characteristics. The high-resistance ele-
ments which form the capacitive shunts can also
be arranged so that the separate gaps of the gap
structure can be shunted individually or in
groups.

Any suitable material may be used for the
layers 18 and [t and the bands 13, but it should
preferably be a material of very high resistance
or a semi-conducting material. It has been
found that asbestos is a very suitable material
for this purpose, since it can readily be obtained
in the form of thin sheets which are suitable for
application to the insulating tube 4, and it is a
semi-conducting material of extremely high re-
sistivity. The characteristics can be further im-
proved by impregnating the asbestos layers with
a suitable lacquer to further increase their re-
gistance and also to serve as an adhesive to secure
them in position on the tube 4.

It will be seen, therefore, that a spark gap
device has been provided which is of relatively
simple structure, but which has a very low im-
pulse ratio, and in which the distribution of volt-
age across the gap is controlled by the use of a
capacitive shunt or shunts so that any desired
breakdown characteristics can be obtained by
suitable arrangement of these shunts. The use
of a capacitive shunt to control the voltage dis-
tribution in this manner has the advantage over
the resistance shunts that have been used in the
prior art that the voltage distribution across the
gap is changed when the frequency of the applied
voltage is changed, so that very low impulse ratios
are possible. It also has the advantage that
there is no leakage current under normal operat-
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ing conditions such as occurs with a resistance
shunt.

It is to be understood that the invention is
capable of various modifications and embodi-
ments, and is not limited to the specific arrange-
ment or type of spark gap shown in the drawing.
Thus, the invention is of general application and
is suitable for spark gaps of any type where it is
desired to control the voltage distribution or to
obtain a low impulse ratio. The invention is not
restricted, therefore, to the particular embodi-
ment shown and described for the purposes of
illustration, but in its broadest aspects it includes
all equivalent embodiments and modifications
which come within the scope of the appended
claims.

I claim as my invention:

1, A spark gap device comprising a tube of
insulating material, a pair of spaced electrodes
supported in said tube to form a spark gap be-
tween them, a plurality of other electrodes sup-
ported in the tube to form a multiple gap struc-
ture and disposed in series relation with the first-
mentioned electrodes, and bands of semi-con-
ducting material placed on the outside surface of
said tube, said bands being disposed to form ca-
pacitive shunts for said gap device to control the
voltage distribution.

2. A spark gap device comprising a tube of
insulating material, a pair of spaced electrodes
supported in said tube to form a spark gap be-
tween them, a plurality of other electrodes sup-
ported in the tube to form a multiple gap struc-
ture and disposed in series relation with the first-
mentioned electrodes, and layers of semi-con-
ducting material on the surface of the tube, said
layers being disposed opposite said gaps to form
capacitive shunts therefor to control the voltage
distribution over said spark gap device.

3. A spark gap device comprising a tube of
insulating material, a pair of spaced electrodes
supported in said tube to form a spark gap be-
tween them, a plurality of other electrodes sup-
ported in the tube to form a multiple gap struc-
ture and disposed in series relation with the
first-mentioned electrodes, a layer of semi-
conducting material on the outside surface of
the tube and connected to one of said first-
mentioned electrodes, a layer of semi-conduct-
ing material on the inside surface of the tube
and connected to the other of said first~men-
tioned electrodes, said layers being disposed so
that they overlap, and bands of semi-conducting
material on the outside surface of the tube op-
posite said multiple gap structure.

4. A spark gap device comprising a tube of
insulating material, a pair of spaced electrodes
supported in said tube to form a spark gap be-
tween them, a plurality of other electrodes sup-
ported in the tube to form a multiple gap struc-
ture and disposed in series relation with the
first-mentioned electrodes, a layer of semi-con-
ducting material on the outside surface of the
tube and connected to one of said first-men-
tioned electrodes, a layer of semi-conducting
material on the inside surface of the tube and
connected to the other of said first-mentioned
electrodes, said layers being disposed so that they
overlap, and bands of semi-conducting material
extending around the tube opposite said multi-
ple gap structure to form capacitive shunts and
control the voltage distribution across the gap.
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