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This invention deals with protective devices
which operate to prevent an open circuit occur-
ring on series wire distribution circuits. Such
circuits are of many types, such as street lighting
circuits, neon tube signs and the like.

Series wired circuits are usually characterized
by the employment of a power source of com-
paratively high voltage, since this voltage is
divided between the individual power consuming
devices wired in series along such circuit, conse-
quently giving each such device only a fraction
of the total voltage of the power source.

Normally, therefore, the potential existing
across a single power consuming unit is very

5 low compared with that of the power source, pro-

vided that a normal current flow is passing
through all the units of the circuit, so that across
each unit there appears the normal voltage drop.
Under certain circumstances, however, such as
for instance, when an individual letter of a se-
ries wired neon sign is broken or becomes of an
extremely high resistance, the normal current
flow through the remaining units of the circuits
is thereby reduced. This brings about an ab-
normal rise of voltage across the particular unit
which has thus become defective and in case
that this defect amounts to an open -circuit,
practically the entire voltage of the power source
is then impressed across the terminals of the
defective unit.

My invention takes advantage of the abnor-~
mally high voltage thus produced across a defec-
tive unit and causes this voltage automatically
to bring about a short circuiting closure of the

5 terminals of the defective unit. This allows a

substantially normal current flow to be reestab-
lished through the power consuming devices con-
stituting the balance of the series circuit, such
‘as the other letters of a neon sign, where one
letter has failed.

This partial restoration of service is frequently
of very great value, especially in the case of signs
containing a great number of letters, where the
absence of a single letter will not seriously affect
the legibility of the ssign or in the case of street
lighting circuits where it is exfremely desirable
that the failure of a single unit shall not plunge
a large area served by such circuit into darkness.

It has been proposed to secure a short circuit-
ing action in the case of the contingencies above
outlined by allowing a spark to traverse a short
gap connected in parallel with the terminals of
a single unit, or by allowing a piece of paper or
fibre to be punctured by the spark and thus ren-

5 dered at least partly conducting by its carboni-

zation. Likewise it has been proposed to bring
about the eventual closure of such spark gaps
by movement of the gap electrodes into contact
with one another, as by the gradual crumbling
away of the paper or fibre as it conbonizes, or
by the melting of fusible metal used to maintain
an air gap between the electrodes.

These methods of circuit protection are open
to many objections. A steadily operating spark
gap is not only destructive, wasteful and gener-
ates such heat as to be a source of potential
danger, but also such a gap is a source of un-
desired electrical disturbances which may be ra-
diated for long distances over the distribution
circuit lines and which constitute a scurce of in-
terference to sensitive electrical apparatus, such
as radio receivers. When paper or fibre is em-
ployed, its carbonization is usually very imper-
fect and a certain amount of sparking still oc-
curs from one carbonized particle to ancther.
Thus the objections of a spark gap are by no
means completely removed when a paper or
fibrous material is employed. Furthermore the
high resistance of the carbonized material gives
rise to the production of undesired heating ef-
fects which are not only wasteful but which may
be dangerous to property.

My invention overcomes the above outlined
objections by employing a spark gap which will
automatically change to a low resistance metallic
contact, by the closing together of the electrodes
comprising the gap, when a breakdown of the
unit to be protected has ohce occurred. Instead
of solid materials such as paper or fibre, I em-
ploy an insulating material which will readily
pass from a solid to a liquid state under the -
fluence of an elevation of temperature. This in-
sulating material likewise will fuse much more
rapidly, due to its poor heat-conductivity, than
will gap-closing devices using fusible metal which
must be melted by the spark.

Thus, while solid materials are only slowly
destroyed or carbonized by the eleciric arc or
spark, the material which I employ will be rap-
idly reduced to a liquid form by the occurrence
of such a spark. Additionally, such melted ma-
terial will allow the ready movement therethrough
of an electrical conductor. Accordingly I pro-
vide means for placing the electrodes of my
spark gap under tension with respect to one
another, and when a spark has occurred and
melted the insulating material such tensioning
means will operate to cause the two electrodes of
my device to come in contact with one another.

In this fashion I secure practically perfect
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metaliic contact, which is free from the defects
of continuing spark gaps or imperfectly conduct-
ing materials, as employed by the prior art.

One object of my invention is to provide means
which shall form a substantially perfect cut-out
of low resistance arcund an open circuited unit
of a series wired circuit.

Another object of my invention is to provide
such cut-cut means as shall be free from high
resistance and imperfect contacts and which shall
not present the hazards of continuing sparks or
of abnormal heating.

A still further object of this invention is to
provide an automatic cut-out device of the short
circuiting type which shall reduce any power
waste thereat practically to zero, within an ex-
tremely short interval after it has commenced to
function.

Vet another object of my invention is to pro-
vide automatic cut-out means of the high voltage
type which shall not give rise to electrical oscil-
lations or to disturbances with radio apparatus.

Another purpose of this invention is vo pro-
vide an automatic cut-out which can be cheaply
and eagily constructed and which shall be small
in size, so that it may be housed, if so desired,
within a portion of the unit which it serves to
protect.

Other purposes of my invention will be appar-
ent from the drawing hereunto attached where

g, 1 represents one embodiment of my inven-
tion.

Fig, 2 represents schematically, a portion of a
series wired circuit, illustrating one possible meth-
od of wiring my invention into series circuits.

Fig. 3 shows another form of my invention.

Fig. 4 shows yet another form of my invention.

Fig. 5 shows a double-ended or symmetrical
form in which my invention may be constructed.

Referring now to Fig. 1, an insulating base (1
is provided, upon which are mounted a series of
metal uprights §2, {3 and 14, by any suitable
means such as the angle irons 15. The upright
12 has connected thereto a wire {6 and the up-
right {4 has connected thereto another wire 17,
these two wires respectively, constituting the elec-
trical terminals of the device.

The middle upright {3 is provided with a suit-
able aperture {8, constituting a bearing through
which moves a rod-like member {9, preferably
provided at one extremity with a somewhat point-
ed end 28. Against the other extremity of rod
9 there pushes a compression spring 21, which is
restrained at its other end by upright 14. This
spring may be fastened to rod {9 and upright 14
by any suitable means such as welding thereto.
Upright 12 carries upon dne of its surfaces 22 a
disc 23 of insulating material. For purposes of
clarity I have shown this disc as having a sub-
stantial thickness, but it is to be understood that
the thickness of this disc is dependent both upon
the relative and the absolute values of the normal
and the breakdown voltages which may be im-
pressed thereacross in any particular instance.

Referring now additionally to Fig. 2, there are
shown two tubes 88 and $f which may repre-
sent individuat letters of a neon sign or individual
incandescent lamps of a series street lighting cir-
cuit. The current which supplies these units en-
ters unit 38 by the conductor 232, passes through
this unit and is transferred to unit 3! by con-
ductor 33, leaving unit 3{ by conductor 34. This

current flow is as it normally occcurs when both

units are properly functioning.
In parallel with each of these units is connected
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a protective device of the type shown in Fig. 1.
Due to the insulating block 23, no current will
normally be able to flow through the conductors

{6, 1T which connect the protective device to the
lamp unit.
However, when a lamp unit becomes of ab-

normally high resistance as by the breaking of
such a unit, practically the entire voltage of the
power supply will be impressed across conductors
16 and {7, as previously explained. : The thick-
ness and material of insulating block 23 is so
chosen that the abnormally high voltage pro-
duced under these circumstances will be sufficient
to puncture this insulating material, thus set-
ting up an electric arc or spark between point
20 and upright 12.

I have found that a suitable material for con-

‘struction of the -insulating disc is sealing wax.

This material presents practically infinite resist-
ance to an electrical potential until this poten-
tial reaches such strength as to actually break
down the sealing wax and puncture the same.
As soon as the sealing wax is punctured by an
electrical discharge which continues to flow
through the line of puncture in the shape of an
arc or spark, the heat generated by this discharge
will very rapidly reduce the sealing wax to a liquid
or semiliquid state. As the sealing wax liquefies,
the rod 19 will be impelled by spring 21 and
point 20 will travel through the softened or melted
sea’ing wax until it comes into metallic contact
with upright 12.

It can readily be seen that as long as point 20
and upright 12 are not in metallic contact with
one another, there will be produced therebetween
an electrical discharge which will continue to
melt the sealing wax. Therefore it can be seen
that this device cannot continue to operate as a
spark gap, but will automatically bring about the
complete closure of the spark gap which first
occurs, when an abnormally high voltage starts
it intc operation.

By reference to Fig. 2 it will be noted that the
protective unit connected across tube 30 can op-
erate upon the failure of this tube, so as to bring
about a comriete metallic connection between the
input and output conductors of this tube. In
this fashion a failure of tube 30 will cause this
particular tube to be completely cut out of the
electrical circuit without in any way affecting the
continued operation of tube 3.

While I have described sealing wax as a suit-
able material for use with my invention, yet many
other suitable materials of similar type will be ap-

parent to those skilled in the art. The choice of

a particular material for this purpose will be de~
termined by the dielectric strength desired, the
melting point of the material, and other mechan-
ical and electrical qualities dictated by any par-
ticular set of circumstances. In many cases I
have found that the metal upright 12 may be
coated with a suitable insulating material in the
form of a thin film thereupon, thus dispensing
with the presence of a discrete insulating disc
such as 23.

While I have shown a suitable embod1ment of
my invention, it can readily be seen that such
mechanism as there shown for moving the elec~
trodes into contact with one another may be
greatly varied in detail and may in many cases
be greatly simplified.

Fig. 3 shows one very simple form which my
invention may take. An insulating block 40 has
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each bent at one point along its length approxi-
mately at a right angle.

These strips may be fastened by screws 43 and
43’ to block 40 and are chosen of such elastic ma-
terial that the upper portions thereof will tend to
spring into contact with one another, unless kept
separated. These members 41 and 42 may be
provided with inwardly projecting depressions 44
and 45 at points opposite one another. A disc
of insulating material 46 lies between these two
depressions 44 and 45 and serves to keep mem-
bers 41 and 42 from making electrical contact
with one another.

Conductors 47 and 48 serve to connect this de-
vice into circuit in a fashion similar to that
shown in Fig. 2. The operation of the form of
Fig. 3 is similar to that of Fig. 1, except that the
electrodes 41 and 42 are both capable of moving
their respective upper portions toward one an-
other when a high voltage discharge punctures
and melts insulating disc 46.

In Fig. 4 I have shown my invention embodied
in the form of a fuse-like structure, which form
is suitable for use where space may be at a pre-
mium, especially if the device is to be incor-
porated within a portion of the structure to be
protected, for instance within the housing which
receives the end of a neon tube.

A body 50, of suitable insulating material, such
as glass or fibre, is provided with metallic caps
5i and 52, fastened by any convenient means,
such as cementing or threading, upon each end
of the body.

A compression spring 53 presses at one end
against cap 51, and at the other end is provided
with a metal cap 54, carrying a metal rod 55,
which is urged by the spring against cap 52. Be-
tween the rod and cap 52 is interposed a disc 56
of a material similar in type to that described
above, i. e. a material which will soften or melt
upon a temperature rise, such as that produced
by a spark jumping therethrough upon the oc-
currence of an abnormally high voltage differ-
ence between the rod and the cap 52, thus allow-
ing the rod to be forced into metallic contact
with this cap. The current path under these
conditions will be from cap 51, through spring 53,
cap 54, rod 55 and cap 52. Caps 5l and 52 thus
constitute the terminals of this form of my de-
vice and these terminals conveniently may be ot
such dimension as to be clipped within a fuse
holder of conventional type, thus allowing ready
interchange of protective units.

My device may additionally be put into op~
eration by the occurrence of an abnormal tem-
perature in the neighborhood of the insulating
discs thereof, even though such high tempera-
ture be not produced by an electric arc or spark.
In this fashion my device may be made to operate
as a protective device in cases where some ab-
normal functioning of the circuit, such as spark-
ing to a ground connection may have occurred,
even if this circuit failure does not cause the de-
velopment of a high potential across the protec-
tive device itself.

The form of my invention shown in Fig. 5 is
similar to that of Fig. 4, except that the insulating
disc is duplicated, so that the central electrode

structure now carries a cap 54 and rod 55 at each

end thereof and insulating discs 56, 56 appear at
both ends of the casing. In this fashion the cen-
tral structure is electrically inert under normal
conditions of operation, thus reducing possible
undesired leakage or corona discharges along
the inner walls of the shell 50.

3
* When a breakdown occurs with this form of my
invention, a spark puncture will occur at both
ends of the device and both rods 58, 55 will be
pushed through their respective adjacent insu-
lating discs 56, 56, as the latter melt under the
heat of the spark discharge therethrough.

" Tt is especially to be noted that just as soon as
the insulating material of any of the embodi-
ments of my invention here shown, has been
punctured by the spark passing therethrough,
the gap then will be through air, or other gases
produced, by the spark, from the insulating ma-
terial and/or the metallic electrodes. Such spark
gap will be very short compared with the long
air gap of devices which have no solid insulating
material between their electrodes.

This arises from the fact that a comparative-
1y thin layer of solid insulation is equivalent in
resistance to electrical puncture, to a much longer

air gap. Consequently when my solid insulation

breaks down, the resultant spark will be very
short and hot or as is termed “fat”, compared
with the long and “stringy” sparks of devices
using air gaps necessarily comparatively long,

usually of a length of the order of a centimetre, °

or a substantial fraction thereof, with commer-
cial gas tube sign letters.

Additionally, the short, fat spark of my device
is thermally shielded by the remainder of the

insulation, in comparison with the ready loss of -

heat from a long spark through the air. Lastly
this short, hot, and protected spark need only
melt a material which will not readily conduct
away the heat generated and which will fuse at

a temperature very low in comparison with a

metal fuse.

Due to the particular mode of operation just
described, my device will yield a complete metal-
lic short-circuit or shunt in a fraction of the
time needed by the air-gap devices already pro-
posed, and with the production of only a frac-
tion of the electrical disturbances caused by the
long and persisting sparks of these devices.

It will be noted that in all the species of my in-

vention, the shortest path between the electrodes -

is through the fusible insulating material, which
is in direct contact with both electrodes, so that
the spark occurring between the electrodes upon
electrical breakdown of the insulating material

will not be compelled to pass through any air gap ;

except the extremely short gap formed within
the mass of the insulating material itself, by
such breakdown.

The forms of my invention shown in Figs. 4

and 5, ensure that the spark can take only this %

particular path, by completely covering the sur-
face of at least one electrode with insulating
material., Thus the metal end caps 52—52 have
their flat end surfaces protected from electrodes
5555 by the insulating wafers 56—%6, which
completely cover such surfaces. Additionally,
the body 58 of insulating material shields the
cylindrical portions of these metal caps 52—%52
from the electrodes §5—585. Therefore it becomes

practically impossible for a spark to pass between “

the two electrodes of opposite potential, except
through the desired path, i. e. through wafers
586—58, thus affording a more definite breakdown
potential to exist, due to the path of such break-
down heing a definite one, of definite length, and
through a predetermined material, in compari-
son with the uncertain and erratic breakdown
potentials needed for air gaps between surfaces
which are not either sharp needle-points, or else
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highly polished spheres, the erratic behavior of
such air gaps being well known in the art.

I claim:

A cut-out of the shunting type including two
fixed electrodes having at least a portion of their
surfaces which face one another covered with a
readily fusible solid insulating material, a third
movable electrode normally insulated from both

said fixed electrodes and making contact with
said insulating material Upon both said fixed
electrodes, and means tending to move said mov-
able electrode into contact with both said fixed
electrodes upon the fusing of said insulating
material.

PHILIP J. KAYATT.
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