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The present invention relates to a dlschargc gap. struc-

b
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ture, and more paltxcularly to a ‘discharge. gap. stracture .

having an improved auxiliary trippifig gap electrode for
controlling high voltage discharge in'a main power cii-
\cu1t

High voltage discharge gaps employing aumhar Y _or
tickler electrodes mounted adjacent the face of one of
the main electrodes of the discharge gap have been known
in the art for some time. The so-called tickler elecirode
is provided ‘to reduce the working voltage of the main
gap. For example, if the spacing of the main gap elec-
trodes is such as to cause the breakdown or sparkover of
voltage at some fixed voltage, as for example 160 kv.,
it can be triggered by a small spark between the tickler
electrode and one of the main gap electrodes so that it
will. break down at some lower voliage: as, {or example,
80 kv. The function of the ticklér gap is to. ionize the
main discharge gap.
jonization. If the current in the tickler gap is increased
the voltage at which the main gap will -‘break down is
lower. In order to operate this gap upon a low voltage
electrical signal from a device to be protected, or from
electronic amplifiers and timers, large high power ampli-

fiers which may introduce conmdprable time ‘delays are

required since it is mecessary to provide eXtremnly high
current to the tickler gap.

Under certain’ circumstances, as for example, prot\,ct-
ing high voltage electronic tubes of considerable size, 1t
is desirable to provide a system which permits the
to be fired by small electronic systems in a very short time
interval.

The principal object of the present invention is" to
provide an improved eiectrode system that permits a main
discharge gap to be fired by small’electrical signals in ex-
tremely short time intervals.

Another object of the invention is to provide an im-
proved discharge gap electrode system. which is respon-
sive to an initiating potential of conside rably smaller
magnitude than the sparkover voltage of the mam gap
structure.

A further object of the present inventicn is to provide
an improved discharge gap electrode system adapted. to
be connected in a main circuit of.high voltage in which
auxiliary -control electrodes are provided to substan-
tially reduce the main sparkover potential upon a voltage
signal of much lower potential than the sparkover voltage
of the main gap.

Other objects and advantages of . the invention will
be apparent from the following detailed description. tak-
en in connection with the accompanying drawings, in
which:

FIGURE 1 is a circuit dlagxam including a cross-
section of the discharge gap electrodes of thxs invention
employed in a protective circuit having a high voltage
source and an electron tube load; and

FIG: 2 is a block diagram of the firing circuit.

Shown in the drawings is a voltage source 1¢ supplying

" loads 12 and §4 connécted-in parallel. ~Shunted across the
voltage source 18 are a pair of main dischargs electrodes
16 and 18, respectively, forming a discharge ‘gap -29.
The main discharge electrodes 16 and 18 may be, pref-
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2
erably of spherical configuration having smooth polished
surfaces of conducting material.

An opening 22 is provided centrally in main discharge
electrode 16. " Extending to a point adjacent the periphery
OL the cpening 22 of the discharge gap 16.is a cylindrical

ickler electrcde 24 concentric with the main discharge

>e}ectrode 16. -Disposed within and concentric with the

tickler elecirode 24 is a trigger electrode 26 which may
be of solid cylindrical form and which is spaced from the
hollow cylindrical tickler electrode 24 by insulation 28.
A current discharge means is° connected between the
main discharge electrode 16 and the trigger elecirode 25,
as for example, the discharge capacitor 29 which is of
low inductance in order to provide a high current dis-..
charge in the trigger gap 32 formed by the trigger elec-
trode 26 and the main discharge electrode 16. Another
discharge gap, the tickler gap 34, is formed by the tickier
electrode 24 of hollow cylindrical shape and either the
main discharge gap 16 or the trigger electrode 26. De- |
pending on the appropriate spacing and polarity the
tickler discharge gap 34 may. spark over either to the
main dischargs elecirode 16 or to the trigger electrode
26. The electrode assembly 21 formed by the tickler
elecirode 24, the trigger electrode 26 and the insulation
28 therebetween is supported. adjacent the end “of the
electrode -assembly by an insulating member 46. The
insulating member 40 "adjacent’ the 0p!=mng 22 may be
an insulation disc having a central opening fo1 receiving
the electrode assembly 2i.

As shown in FIG. 2, a sensing network 36 of any suit-
able type may be provided to semse faults or other un-
desirable characteristics in the voltage source or the
load: ~When sensing nétwork 36 detects a fault it sup-
plies a relatively low voltage ‘signal to a pulse amplifier
38, The pulse amplifier in furn amplifies and apphes its
output to the tickler electrode 24,

It can be secen, therefore, that the trigger eh,ctrod\, 26
when ener gized by the power supply 44 during the nor-
mal operating condition of the circuit maintainsa voltage
stress betwepn the trigger electrode 26 and the main dis-
charge electrode 16 in the trigger gap 32. When a low
voltage pulse from the pulse amplifier is applied to the
tickler electrode 24, tickler gap 34 sparks over. ‘'This
sparkover onizes the air in the trigger gap 32. The
ignized air in this region reduces the sparkover potential
of trigger gap 32 causing it to sparkover at its normally
electrically biased potential. = This. sparkover in turn
causes the capacitor 29, which is ‘a low inductance ca-
pacitor, to discharge at high current relative to the tickler
gap current. -, This high current discharge is sufficient to
ionize the air in the main .- discharge gap thereby suffi-
ciently  reducing the sparkover poiennial of “ the main -
discharge gap 28 fo cause ‘it to sparkover at between
fifty and eighty percent of the normal sparkover potential
of the main discharge gap. -Sparkover of the main dis-
charge-gap shunts the load thereby applying the source
voltage. across the gap. The device drops the voliage
across the gap to the low arc voltage as long as current
flows -from the source through the gap. It should be
noted, however, that the discharge gap 29 will continue
to conduct until some external eqmpmﬂnt is agphed to.
open the souice voltage circuit.

In an opr:rat'nfy embodiment of the invention, the gap
spacing of main discharge gap 2@ is such as to provide a
predetermined sparkover voltage during normal operation
which is greater than the source voitage. The trigger
electrode 26 is biased by the power supply 44 to maintain
a -voltage -stress in the trigger gap 32 such that it is
normally mnon-conducting.. The tickler - electrode . 24 is
comnected to main.electrode 16 through a high resistance
25.  Thus it is electrically unbiased relative to the main



2,114,677

4

Sl
discharge electrode 16. The electrode 28 may be a
simple spherical electrode having a smooth surface and of
a shape and size similar or identical to the electrode 18,
or it may have an auxiliary control electrode or a plu-
rality of control electrodes, as for example control elec-
trodes 46 and 48 as shown in FIG. 1.

As shown in FIG. 1 the loads 42 and 14 operate in
parallel from the power source 18. The control elec-
trodes 46 and 48 are operated from the tops of two
similar impedance elements shown as resistances 52 and
54 so that when a fault develops in either load 12 or
load 14, the voltage across the resistor in series with the
load will produce a trigger spark between the correspond-
ing one of control electrodes 48 or 46 and the main elec-
trode 18 to fire the main discharge gap 20.. The spacing
between the electrode 18 and the electrode 46 as well as
between 18 and the electrode 48 should be smaller than
the spacing between the electrodes 46 and 48. This is
essential to avoid sparkover between the two control
electrodes. :

The control electrodes 46 and 48 may serve to spark
over the main discharge gap 29 in case of fajlure of the
control electrode assembly 21 in the main electrode 16.
They may also be employed to sense internal faults in
the load to which the sensing network 36 may not be
responsive. They may be responsive to a high rate of
change of current in the load particularly if the imped-
ances 52 and 54 are inductive. This type of main elec-
trode and its associated control electrodes, illustrated by
18, 46 and 48 in the drawing, is more fully described and
claimed in my copending application Serial No. 145,403,
filed October 16, 1961, and assigned to the Westinghouse
FElectric Corporation.

While a specific electrode 18 has been shown and de-
scribed for the purposes of illustration, and although
this is a novel electrode which by itself or in combina-
tion with electrode 16 has many advantages, it will of
course be understood that any suitable electrode 18 may
be used in combination with the improved electrode 16.
If desired, electrode 18 may be similar or identical to
electrode 16. It may be fired by the same or other im-
pulse signals.

In operation the particular gap described herein will
operate as hereinafter described but it should be under-
stood that the values of current, voltage and components
are set forth as examples only and that other working
values are possible. Then sensing network 36, upon oc-
currence of a fault to which it is designed to respond,
will apply a 20 volt puise to the pulse amplifier 38. From
the output of the amplifier 38 a 10,000 volt signal will be
applied to the tickler electrode 24.

A sparkover in the order of 100 amperes will occur
in the tickler gap 34 which will in turn ionize the trigger
gap. The sparkover potential of the trigger gap 32 will
be reduced to less than 5000 volts, the bias potential of
the trigger electrode 26 relative to the main electrode s,
The trigger gap will sparkover causing the capacitor 2%
to discharge at a current in the order of 104 amperes. - A
10% ampere discharge in the trigger gap 32 will ionize the
main gap sufficiently to reduce the sparkover potential to
a potential considerably lower than the output voltage of
the source. Under these circumstances the main dis-
charge gap 28 will sparkover, shunting the load and re-
moving the source voltage 18 from the load 32 and 14,
The main gap sparkover will occur within 8 microseconds
or less after the sensing network responds to a fault at a
substantially lower voltage than its normal sparkover
voltage.

A current transformer may be applied to the circuit
of the gap 2 to sense the current flowing through the gap
thereby operating a breaker to open the voltage source.

The following circuit constants may be employed in the
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4
device shown in the drawings and are illustrative of a
specific application of the invention:

Component: Value
Current limiting resistor 33_._._._____ ohms._... 6
Capacitor 29 . _________ microfarads__ 18
Voltage source 16 _____________ kv. D.C_. 300
Supply 44 . _ .. doo 5
Sensing network output.___________ volts__. 20
Pulse amplifying network output___.do____ 10,000

It will be apparent that an improved high voltage dis-
charge gap with an auxiliary control electrode assembly
has been provided by this invention which incorporates
the desirable features of conventional gaps and in addi-
tion has the ability to rapidly sparkover in response io a
relatively low voltage signal, relative to the source volt-
age, without time loss due to high current electronic
kircuitry. A gap has been provided which permits the
main gap to be fired by a small electronic system.

Certain specific embodiments of the invention has been
shown and described for the purpose of illustration, but
since various other embodiments and modifications are
possible within the scope of the invention, it is to be
understood that the invention is mot limited to specific
details or construction shown but in its broadest aspects
it includes all equivalent embodiments and modifications.

I claim as my invention:

1. A gap assembly for electrical apparatus having a
main electrical circuit, said gap assembly comprising a
pair of main discharge electrodes spaced apart to form
a discharge gap between them, a trigger electrode spaced
from one discharge electrode of said pair of electrodes to
form a ftrigger spark gap, a tickler electrode spaced from
said trigger electrode and said one discharge electrode
to form a tickler spark gap, the spacing between said pair
of discharge electrodes being substantially greater than the
spacing between said trigger elecirode and said one dis-
charge electrode and also substantially greater than the
spacing between said tickler electrode and said one dis-
charge electrode, and means for initiating sparkover be-
tween said tickler electrode and one of the other of said
electrodes, between said trigger electrode and said one of
said pair of main discharge electrodes and between said
pair of main discharge electrodes, in successiomn.

2. A gap assembly for electrical apparatus having a
main electrical circuit, said gap assembly comprising a
pair of main discharge electrodes spaced apart to form
a main discharge gap between them having a predeter-
mined sparkover potential, a trigger electrode and a
tickler electrode arranged concentrically and disposed ad-
jacent said main discharge gap and spaced from omne of
said main electrodes a distance substantially smaller than
the smallest distance between said pair of main discharge
electrodes, said trigger electrode and said tickler electrode
each constituting one electrode of a trigger gap and a
tickler gap, respectively, means for providing a high cur-
rent discharge across said trigger gap upon sparkover
thereof, said tickler gap effective to sparkover at a volt-
age considerably lower than said trigger gap when a suffi-
cient voltage signal is applied thereacross, said tickler
gap being effective to ionize said trigger gap, thereby re-
ducing the sparkover voltage thereof, and said high cur-
rent discharge effective to cause said main discharge gap
to sparkover at a potential substantially smaller than said
predetermined potential. :

3. A gap assembly for electrical apparatus having a
main electrical circuit, said gap assembly comprising a
pair of main discharge electrodes spaced apart to form a
main discharge gap between them, a trigger electrode
spaced from one discharge electrode of said pair of elec-
trodes to form a trigger spark gap, a tickler electrode
spaced from said trigger electrode and said one discharge
electrode to form a tickler spark gap, the sparkover po-
tential of said trigger gap normally being greater than the
sparkover potential of said tickler gap and the sparkover
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potential of said main discharge gap normally being sub-
stantially greater than the sparkover potential of said
trigger gap, means for initiating sparkover of said tickler
gap thereby reducing the sparkover potential of said main
gap, means for providing a high current discharge rela-
tive to said tickler gap discharge current, upon sparkover,
in circuit with said trigger -gap, thereby reducing the
sparkover potential of said main discharge gap.

4, A gap assembly for electrical apparatus having a
main electrical .circuit, said gap assembly comprising a
pair of main discharge electrodes spaced apart to form
a main discharge gap between them, a trigger electrode
spaced from one discharge electrode of said pair of elec-
trodes to form a trigger spark gap, a tickler electrode
spaced from said trigger electrode and said -one discharge
electrode to form a tickler spark gap, the sparkover po-
tential of said trigger gap normally being greater than
the sparkover potential of said tickler gap and the spark-
over potential of said main discharge gap normally being
substantially greater than the sparkover potential of said
trigger gap; a low inductance capacitance device in series
with said trigger gap to provide high discharge current
relative to said tickler gap discharge current, means for
initiating sparkover of said tickler gap thereby reducing
the sparkover potential of said trigger gap, a voltage
supply for biasing said trigger gap to a potential less than

its normal sparkover potential but greater than its spark- .

over potential subsequent to the sparkover of said tickler
electrode. ‘ }

5. A discharge gap device comprising a pair of main
electrodes spaced apart to form a main discharge gap be-
tween them, a trigger electrode associated with one- of
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said main electrodes and spaced therefrom to form a -

trigger gap therewith, the spacing of said trigger gap being
less than the spacing of said main gap, means-for nor-
mally maintaining said -trigger electrode at a potential
less than the sparkover potential of the trigger gap, a

tickler electrode associated with said -one main electrode

and said trigger electrode, the spacing between the tickler
electrode and said one main electrode and between the
tickler electrode and the trigger €lectrode being less than
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the spacing of said main gap to form a tickler gap, and
means for applying a voltage to the tickler electrode to
cffect sparkover of the tickler gap with resultant rapid,
successive sparkover of the trigger gap and the main gap.
6. A discharge gap device comprising a pair ¢f main
electrodes spaced apart to form a main discharge gap be-
tween them, a trigger electrode associated with one of
said main electrodes and spaced therefrom to form a
trigger gap therewith, the spacing of said trigger gap
being less than the spacing of said main gap, a capacitor
connected across the frigger gap, means for charging said
capacitor to a voltage less than the normal sparkover
voltage of the trigger gap, a tickler electrode associated
with said one main electrode and said trigser electrode,
the spacing between the tickler electrode and said one
main electrode and between the tickler electrode and the
trigger electrode being less than the spacihg of said main
gap to form a tickler gap, and means for effecting spark-
over of the tickler gap to cause discharge of said capaci-
tor -across the trigger gap with resultant rapid sparkover
of the main gap. . -
7. A discharge gap device comprising a pair of main
electrodes spaced apart to form a main discharge gap
between them; the opposed surfaces of said main- elec-
trodes being generally spherical, a hollow tickler electrode
mounted coaxially of the spherical surface of one of the
main electrodes and insulated therefrom, one end of the
tickler electrode being disposed adjacent a central open-
ing in said one main electrode and spaced therefrom a
distance substantially less than the spacing of the main.
gap, and a trigger electrode mounted coaxially within said
hollow tickler electrode and insulated therefrom, one end
of the trigger electrode being disposed adjacent said one
end of the tickler electrode and spaced therefrom a dis-
tance substantiaily less than the spacing of the main gap.
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