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By invention relates to electric discharge
devices. IMore in particular, it relates to dis-
charge devices adapted for use as lightning
arresters as, for example, to protect the lines
s and apparatus of an electric power system.
 While it is known that if & number of gaps
are placed in series in an electric discharge
device, as in a multi-gap arrester, the spark-
over voltage is somewhat less than the sum of

1o the spark-over voltages of the individual

gaps, nevertheless, I find that the reduction
in voltage may be carried out to a much
greater degree by increasing the capacity of
some of the electrodes in the gap series with

5 respect to ground. For example, I find that

the spark-over voltage in a multi-gap arrester
may, in fact, be made to approach the spark-
over voltage of a single gap. I have further
found that the total spark-over voltage can

20 be brought back to normal by inserting ca-

pacities between the electrodes in the gap
series and the line, so as te neutralize the
effect of the capacities to ground.

It is one of the objects of my invention to
25 provide a discharge device of the multiple

gap type in which, under normal operating
conditicns, as for example, 60 cycle, the spark-
over voltage approaches the sum of the spark-
over for the various gaps in the series, while

30 when a surge appears on the line the spark-

over of the series approximates the spark-over
voltage of a single one of the gaps. How-
ever, the novel features of my invention are
hereinafter more fully set forth and claimed,

had to the accompanying
drawing, in which Fig. 1 shows diagram-
matically an arrester constructed in accord-
ance with the principles of my invention;
Fig. 2 shows a modified form of my inven-

40 tion.

Referring more in detail to Fig. 1 of the
drawing, it will be seen that the discharge
device in one form is represented as consist-
ing of a series of electrodes 2, 3, 4,.5, 6, be-

456 tween which gaps 7, 8, 9, 10 appear. The

device is chown connected with a line con-
ductor 11, which may be considered as a line
forming part of a power system. It will be
seen that the topmost electrode 2 is connected

ﬁile the last electrode 6 is con-

nected to ground. As has béen already indi-
cated, if it is assumed that the discharge de-
vice consists only of the electrodes spaced
apart as indicated, the total spark-over will
be very materially less than the sum of the
voltages corresponding to each gap. I have
found, however, that 1f, for example, I con-
nect the electrodes 8, 4, 5, respectively to
ground through condensers 12, 13, 14, the
spark-over voltage may be made-to approxi-
mate the spark-over voitage of the single
gap 7. On the other hand, I have also found
that this situation may be neutralized by con-
necting the same electrodes, 3, 4, 5, through
condensers 15, 16, 17, respectively, with the
line conductor 11." The result of this arrange-
ment Is that the discharge device is left in a
condition as though all of the connections in-
dicated between the slectrodes 3, 4, 5, and
ground on one side and the line on the other
side were eliminated. I have found that I
can obtain the same results, as far as the nor-
mal operating voltages of the line are con-
cerned, if I insert an inductance or inductive
impedance 18 between the line and the con-
densers 15, 16, 17, and inductances of induc-
tive impedances 19, 20 and 21, respectively,
in the branches leading off from the elec-
trodes 3, 4, 5 toward the line. T find that by
inserting the impedances 18, 19, 20 and 21, as
indicated, the spark-over voltage for normal
operating voltage between the electrodes 2
and 6 is not materially affected, but I find
further that whenever a surge, or an induced
charge, or a lightning stroke, appears on the
line 11, the discharge device is unbalanced
and operates as though the branches contain-
ing impedances 19, 20 and 21 were not pres-
ent. The effect is that for surges and abnor-
mal voltages the discharge device will dis-
charge practically as though there were only
one spark gap 7, and after 7 breaks down,
8,9 and 10 follow successively without appre-
ciable increase in voltage. This differential
action which results in a high spark-over
voltage during normal or low frequency con-
ditions and low spark-over voltages during
high frequency or steep wave front voltages
is insured by the provision of impedances

55

60

65

70

5

80

86

90

95

100




10

15

20

26

30

36

40

45

50

&5

2

such as the impedance 18, or such as the im-
pedances 19, 20 and 21. .

The form of device shown in Fig. 2 involves
the same principle as that involved in the de-
vice of Fig. 1. In Fig.2a graded capacitance
is indicated by the sloping or V-shaped ele-

ment 22. Between this element and the line

an impedance coil 34 is interposed, which per-
forms the same function as that performed by
the coil 18 in Fig. 1. ' Thiselement 22 is ind1-
cated as being common 'to 'the electrodes
93—27. Inasmuch as each electrode has a
certain natural capacity to.ground and to theé
surrounding structure and inasmuch as this
capacity is graded in the reverse order from
that indicated by the condenser element 22,
this element 22 has the effect of counteracting
or balancing the natural capacitance of the
device and leaving the electrodes 23—27 as
though both the natural and the supplied ca-

pacitance were eliminated, that is, they neu-

tralize or balance each other. However, with
respect to high frequency voltages or voltages
having a steep wave front the impedance 34
operates to shut off the capacity 22, leaving
the natural capacity effective ; this unbalances
the device so that with high frequencies the
device discharges at a lower voltage just as
is the case with respect to the type of appa-
ratus shown in Fig. 1. Therefore, when an
electric disturbance appears upon a line to
which the device may be connected, the dis-
turbance finds a smaller capacity between the
electrodes 23 and 24 than there is, for ex-
ample, between the electrode 27 and the
ground. Consequently, a - discharge takes
place between the elecrodes 23 and 24 which
1s the beginning of a cascade discharge. The
mode of operation is, therefore, the same as
that of the device of Fig. 1 in which the dis-
charge takes place first between the -elec-
trodes 2 and 8 which is also the beginning of

- a cascade discharge. : co
While I have illustrated, in connection |

with the drawing, certain embodiments of
my invention, it will be understood that, in
view of the disclosure, the invention may be
varied in form without departing from the
spirit thereof or from the scope of the claims
contained herein. : :
What I claim as new and desire to secure
by Letters Patent of the United States is:

1,783,052

trode and one of the terminals of the device, a
corresponding balancing capacitance inter-
posed between each intermediate electrode
and the opposite terminal electrode of the
device, and an impedance elenent interposed
between one of the terminal electrodes ot the
device and said intermediate electrodes in
series with the capacitance located between
the same terminal electrode, and the interme-
diate electrodes whereby a differential spark-
over characteristic is imparted to the device
with respect to high frequency and low fre-
quency currents. o

2. A discharge device having a pair of
terminal electrodes and a plurality of inter-
mediate electrodes, all of said electrodes be-
ing arranged in series and each being sep-
arated from the other by a spark gap, a ca-
pacitance interposed between each intermedi-

ate electrode and each terminal electrode, and -

an impedance interposed between each inter-
mediate electrode and one of the terminal
electrodes, whereby a differential spark-over
characteristic is imparted to the device with
respect to currents of different frequencies.
3. A multi-gap discharge device having a
pair of terminal electrodes and a plurality
of intermediate electrodes, all of said elec-
trodes being arranged in series and each be-
ing separated from the other by a spark
gap, means for rendering the spark-over volt-
age of the series equal to, or substantially
equal to, the sum of the spark-over voltages
when a voltage of one frequency is applied,
and means for imparting to the device a lower
spark-over characteristic with respect to volt-
ages of a higher frequency. '
In witness whereof, I have hereunto set my
hand this 27th day of February, 1926.
FRANK W. PEEK, J=.

1. An electric discharge device having a .

series of gaps and an electrode on each side
of each gap, the last electrode at one end of

* the series constituting one terminal electrode

66

of the device and the last electrode at the op-
posite end of the series constituting another
terminal electrode, the gaps adjacent to the
terminal electrodes constituting terminal
gaps, the remaining gaps and electrodes of
the series being located between the terminal
gaps, said remaining electrodes and gaps con-
stituting intermediate electrodes and gaps,
capacitance between each intermediate elec-
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