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PROTECTIVE DEVICE. .

Original application #led March 19, 1918,

To all whom. it may concern:

Be it known that I, ELmer E. F. Creen-

~ ToN, a citizen of the United States, residing

at Schenectady, county of Schenectady,
State of New York, have invented certain
new and useful Improvements in Protective
Devices, of which the following is a specifi-

~ cation.
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This application is a- division of my ap-
glication filed March 19, 1913, Serial No.
55,529, and relates to devices for protecting
circuits from abnormal voltages, lightning

.and “similar disturbances, and miore espe-
cially to protective devices for circuits of

low normal operating voltage. - :
The protective device most-commonly used
for telephone circuits, signal circuits and

- similar systems of low normal operating
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- voltages and transient disturbances without .
dangerous delay and before the abnormal.
. voltage rises to dangerous value.
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voltage, is a form of spark gap lightning
arrester comprising essentially two elec-
trodes separated by a very short air gap.
The ajr gap has an appreciable time lag,
as it will not break down the very instant an

excess voltage appears, and is furthermore -
liable to be bridged by dust, dirt and by the

metal carried from the electrodes by a heavy
discharge. SRR ‘

The object of my invention is to provide
a protective device which does not have the
defects of the usual spark gap lightning
arrester and- which will remove abnormal

My invention comprises certain novel fea-

tures set forth more particularly in the ap-

pended claims,; but the invention itself will

* be better understood in connection with the
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accompanying drawings, which, merely for
purposes of illustration, show some of the
various forms in which my invention may be
embodied, and in which— = .

Figure 1 is a longitudinal section of one
form of a lightning arrester embpdying my
invention in which a desirable form ofg seal
is shown and the electrodes are;
that the arcing takes place in a sort of cir-
cular horn gap, the electrodes also having
fusible disks on them ; Fig. 2 shows a trans-
verse section of the form of arrester shown
in Fig. 1 on the line 2—27; and Fig. 3 is a

longitudinal section of a form of arrester in

which the discharge takes place in a horn
gap mounted in the vacuum chamber. -

arranged .

Bpecification of Letters Patent.  Patented June 22,1915,

Serial No. 755,529. Divided and this application filed January. 5,
1914, Serial No. 810,275, T :

. In the particular form of arrester shown
in Fig. 1, the tube 18 contains electrodes .19
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mounted eccentrically to a ground ring 20

which, as best shown in Fig. 1, is electricall

connected between the electrodes to ground.
In this form of arrester the tendency to
extinguish the arc between the electrodes
and the tube may be increased by position-
ing the electrodes eccentrically with rela-
tion to the tube so that the-arc occurs in a
sort of circular horn gap formed by the co-
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operating  surfaces; of the electrodés, in -

which gap it is automatically lengthened
and ultimately extinguished. ‘The . elec-
trodes 19 and the ground ring 20 are car-
ried in a yoke 21 made of porcelain or other

suitable insulating material and fitting the.

tube 18 so as to held the parts in proper re-
lation. Stoppers 22 are mounted adjacent
the yoke 21 and are made of some suitable
porcelain like material which can be baked
in the tube and which will not give.off gases
when heated. The stoppers 22 are backed up
by. layers 23,24 and 25 of different kinds of
waxes which form air-tight joints with the
tube 18 and also with the leading-in wires
26, which are connected at their inner ends
to the electrodes 19 and at their outer ends
to connection plates 27 embedded in the por-
celain end blocks 28. - - .
The protective device constructed as above
described is exhausted to produce in the
metal tube a partial vacuum of such a value
that lightning and similar abnormal disturb-
ances are removed from the line with mini-
mum delay and resistance. The desired

vacuum may easily be obtained by pumps,

such as are commonly used in the’ art, and
after the tube is exhausted it may be her-

metically sealed in any -suitable way. In’

many cases I prefer to first fill the tube with
some suitable gas and then exhaust it to the
required vacuum, so as to leave in the tube
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a residual atmosphere of that gas. I prefer

to use as.a residual gas some of the mona-
tomic gases, such as argon, neon, helium, or
hydrogen, especially the inert atmospheric
gases, such as argon or neon, although a re-
sidual atmosphere of air or nitrogen will
give satisfactory results. The proper pres-
sure of the residual gas depends upon the
nature of the gas in the tube and upon the
size of the gap. I prefer to use a pressure
such that t%le equivalent needle gap is a
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minimum at ‘transient voltages of high
superspark potential, that is, a potential
greatly above the break down potential of
the arrvester. A disruptive spark discharge
furnishes a favorable path for discharges
to ground and is the kind of a. discharge
most suitable for relieving a system of
lightning, high frequency oscillations and
similar abnormal potentials and frequen-
cies. A brush discharge carries but little
current and does not relieve the line of very

- much energy. By heating up the electrodes

". the brush discharge may actually hinder the
‘formation of the spark discharge and the
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- This preferred pressure is above the critical -
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relief of the system, especially where the
arrester is used on comparatively low volt-
age direct current systems. I so space the
electrodes that at the preferred pressure, the

-spark discharge occurs almost simultane-

ously with the appearance of a brush dis-
charge and at a voltage somewhat above the
normal voltage of the system to be protected.

pressure at which the spark potential is a
minimum. ' - :

A lightning arrester should Iﬁermit ‘the -

passage of transient over-voltage and very

o high frequency oscillations with a minimum
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time lag. By high frequency, I mean oscil-
lations and oscillatory discharges-of the fre-
quency of lightning or of the spark. dis-
charge of condenser, probably from one-half
million to several million cycles per second.
The time lag must be so small that; the tran-
sient over-voltage will not have time to
puncture the insulation. The spark dis-
charge should occur without appreciable
time lag in response to the application of a
transient high voltage of minimum amount

over the normal potential of the system. T-

reduce the time lag to .an unobjectionable

.amount by.adjusting the gas pressure and

the spark gap without seriously affecting
the minimum equivalent needle gap. I have
found that at pressures above 10 mm. of
mercury, the time lag is not enough to be

. objectionable, but that it is serious at lower

" pressure decreases.
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pressures, increasing very rapidly as.the
I, therefore, make the
pressure such and so space the electrodes
that the time lag is unobjectionable, the
equivalent needle gap is at or near the mini-
mum, and spark potential is reasonably low.

~ Under some conditions I-accentuate the.
arc extinguishing feature of the circular

horn gap formed between the eccentrically
disposed electrodes 19 and the ground ring
20 by so proportioning the space around the

-electrodes that upon a severe and long con-

tinued discharge the residual gases in the ar-
rester expand to such an extent that their
pressure 1s very greatly increased and their
arc extinguishing effect is correspondingly
increased. The arc extinguishing effect of

the arresters.shown in the other figures.of-

1,144,020

the drawing may be increased ifi- the ‘same
'way if considered advisable, although I pre-
fer to so proportion the arrester that the

pressure of the residual gases is increased .

but slightly during the usual discharge.
Discharges through the protective device
may be-very severe and long continued, if
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the telephone or signal circuit is crossed with »

a lighting or power circuit having a poten-
tial considerably higher than the potential

"at which the protective device discharges.
Under these conditions the system should be -

grounded to protect the apparatus connected

18

to it. In addition the continuous and heavy . |

discharges heat the electrodes and the adja-

cent portions of the arrester so hot that suffi- .
cient gases are évolved to lower the vacuum, -
and in general the arrester is'deteriorated to’

such an extent that it should be removed
and replaced by a new one. In order to au-
tomatically ground the system when crossed

with a higher potential system, and to facili- -

tate detection and removal of the arresters

85 .

which have been injured, I provide means '

whereby the electrodes are automatically
bridged and short circuited and are also con-

nected to ground when the. electrodes are.

heated to a certain extent. The preferred
means for securing this result, as applied

to the particular form of arrester shown in.
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Fig. 1, comprises -fusible metal films 29 .

secured to. the faces of the electrodes 19 and
made in the form of disks of less diamfeter
than the electrodes. The arc or discharge
from the edge of the electrode 19 does not
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touch the fusible disk,-which is heated only -
by conduction of hedt from the electrode.
As the disks 29 are in intimate contact with

the electrodes 19 a rise in temperature of the -

electrodes will cause the disks 29 to melt
and the molten metal will run down and

form a conducting bridge between both elec-
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‘trodes and the ground electrode, which in

this case is the ground ring 20. When this"

has occurred, the short circuited arrester
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may easily be detected by suitable tests and

then replaced.

Tn some forms. of arresters designed to

withstand severe and continued discharges,
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it is desirable to protect as far as possible 110

the waxes and other material of the seal

from undue heating by the action of the arc =~~~

between the electrodes. I attain this result

by placing the electrodes at a considerable

distance from the seal and connectingthem

to the led{ing-in wires through metallic.
"connections.iso proportioned as to have a .
M diating surface by which heat .

very great
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transmitted from the hot electrode will be. .-

radiated to the tube and the surrounding 149
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‘atmosphere, instead of being transmitted di- -
rectly to the leading-in wire and thence'to .

the seal. If desired, the radiation of heat

‘may be increased by immersing the tube in

a lquid or simﬂar cooling medium.
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~". A modification in which the extinguishing

_ action of the horn gaps is secured, is shown
..in Fig. 8. An evacuated glass bulb 42 con- -

tains a ground electrode 43 which coGper-

5 ates with two line electrodes 44 so positioned
- with relation” to the ground electrode 43
- as to form therewith horn gaps in which the
arc may rise vertically and be extinguished.
To prevent the possibility of arcs following
the electrodes 44 down to the seal and there-
by injuring the seal, I coat both of the elec-
_trodes near the seal with a protective coat-

10

ing 45 of refractory insulating material so .

- that the arc cannot reach the electrodes at

15
In this form of arrester the electrodes are
sealed into the glass stem of the vessel 42,
but the seal between the electrodes and the
stem is not relied upon to hold the vacuum.

20 The seal is made tight by filling the stem

" with suitable wax 46. :

. My invention may be embodied in many

other ways than those described and I, there-

- fore, do not limit my invention to the precise -

arrangements disclosed except in so far as
,iti is limited by the scope of the appended
. clams. e
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~~ What I claim as new and desire to secure .

" by Letters Patent of the United States, is,—
30 1. A protective device comprising an
evacuated vessel containing parallel disk
electrodes having a commeon axis, and a

grounded ring surrounding said electrodes-

and spaced away from the edges thereof, the
axis of said ring being eccentric to the axis
~_of said ‘electrode. . :
2. A protective device comprising an
evacuated vessel and electrodes in said vessel
- spaced away from one another to form a
40 spark gap which increases in width in the
. direction of movement of the arc in said
gap whereby the arc is lengthened and
broken. - :

~

3. A protective device comprising an "

45 evacuated vessel, electrodes in said vessel

points close enough to the seal to injure it.-

having curved coﬁperziting surfaces spaced

apart to form a spark gap, the correspond-
ing portions of said cobperating surfaces
having different radii and centers of curva-
ture, said curved: surface of one electrode
being adjacent the concave side of the co-
operating surface of the other electrode.

4. A protective device comprising an
evacuated vessel, electrodes in said vessel
having edges similarly curved about a com-
mon axis, and a grounded electrode curved
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about an axis eccentric to the axis of the

other electrodes and spaced away from the

edges of said other electrodes to form spark
gaps,to ground. ) '
5.”A protective device comprising disk
electrodes mounted face to face, each of said
electrodes having on its face a disk of fusi-

.ble metal smaller than said electrode, and

a grounded electrode spaced away from the
lower edges of said other electrodes to form
spark gaps which are bridged by the melt-
ing of said fusible metal. )

6. A protective .device comprising two
electrodes mounted in thermal relation to a
body of fusible metal, and a third electrode
mounted beneath the other electrodes and
spaced away from them to form spark gaps

which are bridged by said fusible metal.

when it is melted by a rise in temperature of
said electrodes. o ’
7. A protective device comprising an

.evacuated vessel, a disk electrode in said

vessel, 'a coOperating annular electrode
mounted eccentric to said disk electrode and
separated therefrom to form a spark gap
between the edre of said disk and said an-
nular electrode. ‘
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‘In witness whereof, I have hereunto set

‘my hand this 3rd day of January, 1914,

ELMER E. F. CREIGHTON.

Witli}esses : B. Hosi
engaMiN B. Huii,
Hrerex OrrorRD.



