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This invention relates to electrical protective
systems. More particularly, this invention re-
lates to arrangements for simultaneously ground-
ing a plurality of circuits when induced voltages
above a fixed and predetermined value become
impressed therson. Still more particularly, this
invention relates to arrangeinents for testing the
apparatus emploved in carrying out the prin-
ciples of this invention.

Pairs of protector blocks each having an air

gan which hreaks down at a predetermined po-

tentiai have been used in the telephone art for
he protection of each of a number of telephone
circuits from high voltages set up therein by one
Or more solirces extraneous to the circuits them-
selves. In these arransgements, a. resistor or satu-
rating reactor is interposed in the ground con-
nection of each pair of protector blocks or in
the common ground connection of all of the pro-
tector blocks. This resistor or reactor, as the
case may be, is designed to carry all of the op-
erating current transmitted through one or all
of the protector blocks associated therewith.

In these arrangements, apparatus is connected
or otherwise coupled to the resistor or saturating
raactor and this apparatus is caused to operate
in response to a potential which becomes im-
pressed between the terminals of the resistor or
saturating reactor. Upon the operation of the
aforementioned apparatus, circuits are estab-
lished for simultaneously grounding all of the

associated protecter blocks, the grounding circuit

generally including the resistor or saturating re-.

actor,

This invention represents a8 substantial im-
provement over the apparatus heretofore em-
loyed for simultaneously grounding a plurality
of exposed lines or conductors. In this inven-

tion, a cold cathode gas filied tube is employed
and it comprises thres (or more) electrodes which

are enclosed within an envelope filled with a
gaseous medium preferably of the rare gas type.

 This gas filled tube may comprise two input elec-
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trodes and an anode which are spaced from each
other by predetermined distances. The spacing
of the input electrodes is such that when a suffi-
cient potential becomes impressed across these
electrodes. the gas within the tube will become
sufficiently ionized to permit substantial current
to f!ﬁw therebetween. As a resull of this current
tically all of the gas within the tube will then

1.-4‘.!-.".-‘-]

‘hecome icnized and, consequently, the impedance

between the anode electrode and either of the
input (or cathiode) electrodes will also become

oreatly reduced. It will thus be possible to trans-

- (CL 179—78)

mit current between the anode electrode and
either of the input electrodes after the arc be-
tween said input electrodes has been formed. On
the other hand, unless a glow is produced be-
tween the input electrodes, it will be virtually x
impossible to transmit any current between the
anode electrode and either of the input electrodes.
These are some of the features employed in car-
rying out: the principles of this invention.

This invention will be better understood from jyo9
the detailed description hereinafter following
when read in connection with the accompanying
drawing in which Figures 1 1o 4 each represent
arrangements for simultanecusly grounding a.
plurality of exposed conductors, with each of 15 -
which a gas filled tube of the type already re-
ferred to and a novel circuit are associated, and
Fig. 5 shows an arrangement which may be ap-
plied to any of the arrangements illustrated in _-
Figs. 1 to 4 for testing the protector equlpment 20"

, from a distant point.

Referring to Fig. 1 of the drawmg, the refer-
ence characters Wi, Wz, W3, ele. represent a plu-
rality of conductors which may be open-wire lines
which may be exposed to inductive interference. g5 -
The reference characters Pi, P2, P3, ete. designate
a plurality of protector blocks each of which may
comprise a pair of carbon electrodes which are
enclosed and retained within s porcelain holder
so that these electrodes may be spaced from each gg
other by fixed and predetermined distances. The
upper terminal of each of these protector blocks
P:, P2, P3, efc. is connected to one of the exposed
conductors Wi, Wz, W3, etc. as shown, and the
lower terminals of these protector bloeks are g5
connected to each other. _

The conductor eemmen to the lower terminals
of the various protector blocks Pi, P2, P3, etc. is
connected to ground through a saturaiing choke
coil transformer or relay designated Wo. This 40
choke coil or transformer or reilay Wo is con-
nected to the upper winding of a two-winding
relay designated Re. This relay Ro may be of
the alternating current type.

The reference character N designates a gas 45
filled type of cold cathode tube having three elec-
trodes, the input electrodes of which are repre-
sented by straight lines which are parallel {o each
other. One input electrode is connected to the
conductor W1 while the other input electrode is 509
connected to the upper terminal of the coil Wo
through a condenser Ci. The anode of the tube
N is connected in series with the lower winding
of the relay Ro through a circuit which includes -
a source of potential designated B which may be, 55
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for instance, of the dry-cell type, said circuit
also including the winding of a slow-operating
relay Rs as well as its armature and back con-
tact, as shown

The armature and contact of the relay Ro are
connected in a circuit which includes thie source
B and the windings of a piurality of relays desig-
nated Rii, Rig, ete., the windings of the latter
relays being connected in parallel reiationship.
When the armature of the relay Ro closes its con-
tact, then the relavs R, Rig, ete. will be gperated
and their armatures and contacts will provide cir-
cuits which shunt the various protection blocks.
Thus, the lower armature and contact of the
relay Rii will provide g circuit which shunts the
protector block P:. The upper armature and
contact of this relay will provide a circuit which
shunts the protector block P2 and similarly the
armatures and contacts of relay Ri2 and of the
other relays having their windings in parallel
therewith will provide circuits for shunting ad-
ditional protector blocks connected to other con-
ductors (not shown).

When a potential exceeding a predetermined
magnitude is impressed between the conductor
Wi and ground, if insufficient to break dovwn ths
gap of the protector block P;, will cause the gasg
between the gap formed by the plates of the tube
N to glow., This glow discharge will arise from
the flow of current from the conductor Wi thirouzh
the circuit formed by the plates of the tube N,
the condenser Ci and the coil Wo to ground. Con-
denser Ci is opticnal and is included only where
1t 1s desired to exclude direct current from the
input circuit of the gas tube.

As soon as this glow discharge gecurs, the im-
pedance between the anode of the tube N and
1ts input electrodes will become greatly reduced
and current will then flow from the source B
through the circuit which includes the winding
of the slow-operate relay Rs, its armature and its
normally closed contact, the ancde and lower in-
put electrode of the tube N and the lower wind-
ing of the relay Ro. Flow of current through the
latter circuit will cause the armature of the relav
Ro to close its contact. When this occurs, cur-
rent will flow from the source B through the wind-
ings of the relays Rii, Rig, ete. over the circuit
complecied by the armature and contact of the
relay Ro. The closure of the contacts of the re-
lays Ri1, Rie, ete. will provide paths for shunting
the various protector blecks Pi, P2, P3, etc. as
already explained.

After the protector block P: has been shunted
by the circuit formed by the lower armature and
contact of the relay Riui, current will then flow
from the conductor Wi through the latter circuit
and through the coil Wo to ground. No current
will then flow beiween the invut electrodes of the
tube N. Consequently the glow betwean the in-
put or actuating electrodes of the gas tube N will
become extinguished, Shortly after operation of
the relay Ro, the slow-operating D. C. relay Rs
will open the circuit frem the anode of the gas
tube N to the battery B. The short circuit of the
input electrodes of the gas tube N by an arma-
ture and contact of the relay Riur will extinguish
the glow between said input electrodss and thus
the tube will become completely deionized. The
short circuit of the protector bleck P; by an ar-
mature and contact of the relay P11 will cause
a large current to flow through the upper wind-
ing of the relay Rog. This current will maintain
the relay Ro operated independently of the fiow
of current through its lower winding. The ar-
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mature of the relay Ro will maintain its contact
closed just as long as sufficient potential exceed-
ing a predetermined value continues to become
impressed across the terminals of the coil We.

The relay Rgs is of the slow-~¢cperate type and
is so design=d that the {ime required for opening
its normally cleosed contact is somewhat greatsr
than the time required to operate the relays B
Riz, etc. and the additional time regui: e" t
provide circuits for shunting the protector blocks
P1, P2, P3, ete. In other words, the err’fmp rate
relay Rs will not opnen the circuit establisn
between the ancde and lower input electrc :"::1 of
the tube N until all of the protector blocks have
become shortv-circuited.

It will be understood that the coil Wo may be
eliminated, if desired, in which case the lower
terminal of the proiector zlock Pi1 will be con-
nected to ground through the upper winding of
relay Rae.

Hig, 2 represents a modificaticn cf the girrange-
ment shown in Fig. 1 in which the relay Ro haz
but one winding. The circuif of the input elec-
trodes of the tube N Includes the conlenser C
and the coil Wo across which is connectad the
windingz of the relay Ro, as shown., The circuis
cf the ancde of the tube N incluo 23 the winding
of the clow-operate relay Rs its armaiure and
contact, the source B, the windings of the relays
Ro1, Ro2 and Rez and the lower input elecircie of
the tubhe N. Upon the operation of the 191'13? R,
its armature and contact vwill close a circuil viich
includes the gource B and the windings oi‘ s
relays Rzi, Rag, Rz, ete. which are arranged in
series relationship, as shown.

When the pctential between the conducior Wi
and ground is sufficient to cause the gas hastwean
the input electrodes of the tube N to glow, cur-
rent will flow through the circuit of these elec-
trodes, the condenser C and the winding of the
relay Ro. Upon reduction of the impedance be-
tween the various gaps of the tube N, current
will flow through the circuit which includes the
winding of the relay Rs, its armature and con-
tact the source B, the windings of the relay
Re1, R22 and Ra3, and the lewer input eiectrode
and anode of the tube N. The current flowing
through the latter circuit will be sufficient to
operate the relays Roi, Rg2 and Res and their
armatures and contacts will then provide paths
in shunt with the wvarious protector blocks as
already pointed out.

When the lower armature and contact of the
relay Rz21 shunts the circuit ¢i the protector
block Pi, current will flow over the lattzr shunt
circuit from the conductor Wi and through the
coil Wo to ground. Hence, the potential be-
tween the input electrodes of the tube I will be
insufficient to maintain the gas between these
electrodes in glow. The circuit between the an-
ode and lower input electrode of the tube N
which includes the winding of the relay Rs
will be either effectively opened by operation of
relay Rs or short circuited by the operation of
the relay Ro, whichever operates first. The
source B will continue to supply current to all
of the windings cf relays Re2i1, R22 and Raz as long
as the armature of the relay Ro remains closed
against its contact. The relay Ro¢ will maintain
its armature and contact closed a3 long as suffi-
cient potential exists between the conductor Wi,
and ground, this condition producing a large
flow of current through the winding of relay Reo.

The relay Rs is of the slow-operate type and is
not required in the circuit of Fig. 2 except to
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open the anode circuit of the tube if relay Ro
fails to operate. |

In the arrangement of Fig. 2, the condenser C
and the coil Wo may be eliminated, if so desired,

- in which case the lower input electrode of tube

N will be connected to ground through the wind-
ing of relay Ruo.

Fig. 3 is similar to the arrangement shown in
Figs. 1 and 2. In Fig. 3, however, the winding
of the relay Ro is connected to the coil Wo, which
may be in all figures a saturating reactor or
transformer, through a circuit which includes
the condenser Cz. The circuit of the anode and

~ lower input electrode of the tube N includes the
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eration of the relays Ri1 and Rao.

winding of the relay Rs and its armature and
contact, the source B and the winding of the re-
lay Ro. The armature and contact of the relay
Ro complete a circuit which includes the source
B and the windings of the relays Rii1, Rig, etc., the
windings of the latter relays being connected in
parallel relationship.

The glow may be produced between the input
electrodes of the tube N by a potential acting
through the circuit which includes the conduc-
tor Wi, the input elements of the tube N, the
condenser Ci the coil Wo and ground. When
this glow is established, current will flow from the
source B over the circuit which includes the wind-
ings of the relays Ro and Rs, the latier circuif
including the anode and lower input element of

the tube N. The establishment of the latter cir-

cuit will operate the relay Ro. The closure of the
contact of the relay Re¢ will, in turn, cause the op-
The latter re-
lays will then provide circuits through the other
armatures and contacts which will shunt the vari-

ous protector blocks, the input electrodes of the

gas tube N and condenser Ci.

Fig. 4 is somewhat similar to Fig. 2 except that
the anode or work circuit of the tube N includes
the winding of the relay Rs and its armature and
contact, the source B and the winding of the
multi-contact relay Rm. When the latter circuit
is completed, the numerous contacts of the re-
lay Rm will be closed and these will provide paths

each of which shunts one of the various protector

blocks and input electrodes of gas tube N and
condenser C, as shown. It will be apparent also
that after the protector block P: is shunted by the
circuit established over one of the contacts of the
relay Ru, the glow between the input electrodes
of the tube N will become extinguished while cur-

rent will continue to flow over the shunt circuit

arocund the protector block P: and through the
coil Wo to ground, this current maintaining the
winding of the relay Ro energized sufficiently so
that its armature will close its associated contact.
While the relay Ro remains operated, current will
continue to flow over the winding of the multi-
contact Rm, the circuit including the source B
and the armature and contact of the relay Ro.

- Furthermore the operation of relay Ro withdraws

the potential of source B from the anode or work
circuit of the tube N, resulting in deionization of
the gas between the electrodes forming a part of
this circuit, as in Fig. 2. The relay Rs may be

 dispensed with, if so desired, as in the case of

Fig. 2.

In all of the Figs. 1 to 4, the various protector
blocks may be short-circuited, irrespective of the
operation of the tube N. Irrespective of the op-
eration of the tube N, the impression of sufficient-
ly high voltage upon any one of the conductors
W1, We, etc. may break down the gap of the cor-
responding protector block to cause a heavy dis-

tant point.

3 |

charge of current through the coil Wo. When
this occurs, the relay Ro will become operated and
the operation of the latter relay will cause the
actuation of the relays Rii, R, etc. or «f the
multi-contact relay Ru, if this is employed, 55as 5
to simultaneously provide circuits in.shunt-4ith
the various protector blocks. Immediately upon
the short circuit of the various protector blocks,
the control of the circuits by the tube N becomes
eliminated and this condition will last until the 10
potential impressed upon any one of the various
conductors  is insufficient to ultimately operafe
the relay Ro. In all of these circuits, the time
during which the various protecicr blocks re-
mains short-circuited depends upon the duration 15
of the currents flowing from any one of the con-
ductors Wi, W2, ete. to ground through the sat-
urating choke coil or transformer Wo. In the
arrangements shown in Figs. 1 to 4 inclusive, test- -
ing of the protective equipment may be performed 20
at a remote point by applying a value of poten-
tial between conductor and ground of a value
sufficient to ionize the tube but below the break-
down value of the protector block.

" Fig. 5 shows another form of the arrangement 25
for testing the protection equipment from a dis-
Here an additional gas filled tube Nt
is incorporated at each of protector locations.
At each protector location, a different conductor
will be employed for connection to this additional 30
tube Nt. It will be observed that the conductor-
Wi is connected to the upper input electrode of
the tube N by a condenser Ci1 and that a con-
denser Ciz interconnects the testing conductor Wt
with the upper input electrode of the tube,
upper terminal of the protector block Pr 1s con-
nected to the conductor Wr and the lower ter-
minal of this protector block is connected to the
upper terminal of the choke coil or transformer
Wo. Also, the lower input electrodes of the tubes 40
N and Nt are connected to the upper terminal of
the coil We. The anodes of the tubes N and Nt
are both connected in series with the coil of the
common slow-operating relay Sr. The armature
and contact are also in series with the battery 45
(not shown) employed to energize the various cir-
cuits as shown in Figs. 1 to 4 which may be used
in carrying out the principles of this invention.

It will be apparent that in order to test the cir-
cuits of the various arrangements and to deter- 50
mine whether or not the various gas filled tubes
at each protector location are operating satisfac-
torily, it will be necessary to impress upon the
testing conductor a potential which is greater
than that required to produce a glow between the 55
input electrodes of the gas filled tube or tubes, the
potential being lower in magnitude, however, than
that required to break down the gap of the cor-
responding protector block or blocks.

While this invention has been shown and de- 60
seribed in certain particular arrangements mere-

Iy for the purpose of illustration, it will be under-
stood that the general principles of this invention
may be applied to other and widely varied organ-
izations without departing from the spirit of the 65
invention and the scope of the appended claims.

What is claimed is: |

1. Protective apparatus for a conductor ex-.
posed to inductive interference, which comprises
a protector block, a reactor connected in series 70

- with the protector block between the exposed con-

ductor and ground, a three-element gas filled tube
having two input electrodes and a third electrode,
a. condenser connected in a circuit in series with
the two input electrodes of the tube, said circuit 75

The 35
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being in shunt with the protector block, a source
of porvential, a slow acting relay, an alternating
current relay the winding of which is connected
in shunt with the reactor, the winding of said
alternating current relay being connected in a
geries circuit which includes the source of poten-
tial, one of the input electrcdes and the third
clectrode of s=aid tube, the winding of the slow
acting relay and its AT ature and contact, and
means responsive Io tne operation of the alter-
ng current relay for completely shunting the
aeior hlock.

2. Protective apparatus for a conductor ex-
posed to inductive interference, comprising a
gas ifilied tupe having two actuating elecirodes
and a third electrode, 2 saturating reactor con-
nected in saries with the actuating electrodes of
sajid tube bkeiween the exposed conductor and
ground, a relay naving two windings one of which
shrunts the reacior, o source of potential connect-
ed in series with the other winding of said relay
and the third clectrodzs and one of the actuating
eia..,”mdes of said tuke, and means responsive to

the opeu tion of sald relay for grounding the ex-
G conguceor througn said reactor.
:":.p_l_aam,vs ior the protectionn of a plurality
of condu fors wnich are exposed to inductive in-
LErTETENCE, COM :::115; a three-—electrode gas filled
tme, 8 reacior connecued in series with two of the
ectredss <f said tLL between one of said ex-
ased concucors and ground, a source of poten-
ﬂl 2 slow-gperating relay, an alternating cur-
v relay having ¢ winding which is connected
in geries with the S].ORV"‘GDE...:LJ“‘F“ relay and its
armature and contact and with the source of po-
tential and witn the third electrede of said tube
and cne of its othier electrodes and means respon-
sive 1o the operation of said alternating current
reiay for simulvaneousty greounding all of the ex-
nosed conductors through said reactor.

4. Apparatus for a rlurality of conductors ex-

posed to inductive interference, comprising a
three-clement gas filled tube, a saturating re-
actor connecied in series with two of the elec-
{rodes of said tube hetwean one cf the exposed
conduciers and ground, & source of potential, a
relay, the winding of which is connected in series
with tne gource of potential between the third
elecirede cof =aid tube and one of its other elec-
vrodes, means responsive to the operation of said
relay for simultaneocusly grounding all of the ex-
posed conaucetors through said reactor, and means
Ior periodicaliy opening the circuit of the winding
aid relay quring tne interval of time when an-
dquective eﬁﬂct of predetermined magnitude is

I"-'LT"'I"“

o

1,"_‘
-E-.-L..-'
in

stiil impressed belween the conductor to which
tile tune is conner‘tc” and ground.
o. A profective system for a plurality of open

omgr Sing a plurality
ermingl of each of which is connected
nes asatum ing reacior connacted
minal of each of sa,ri protector
blf“c X5 ang ground, a gas filled tube having two
iNput electrodes and o third electrede, a condenser
connected in series witiy the two input elactrodes
of tha tube In g cirouit whichi shunts the protector
block asscciated with one of zaid lines, an alter-
nating current 1*elay having & winding in shunt
W‘Ft the reac a slow=-operating relay the wind-

o] connprtuc‘ in geries with its own
a:':nt? sure and C"‘Iltwﬁt and with the armature and
contact of the alternating current relay and the
third electrode 2n1d one of the input electrodes of
said tule, a source cof potential, and means re-
sponsive to the closure of the contact of the al-

cf pretector

.
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ternating current relay by its armafture for com-
pleting a circuit through the source of petential
and for simultaneously shunting all of the protec-
tor blocks.

6. Protective apparatus for a conductor exposed
to inductive interference which consists of a pro-
tector block, a three-element gas filled tuhe having
two input electrodes and a third electrode, a con-
denser connected in series with the two input
electrodes of the tube in a circuit which is in shunt
with the protector block, a source of potential, a
slow-acting relay, an alternating current relay
the winding of which is connected in shunt with
the reactor, the winding of said alizrnating cur-
rent relay being connected in a serics 011 cuit
which includes the source of potential, cne of the
input electrodes and the third electrcde of said
tuke and the winding of the slow-acting relay
and its armature and contact, and means respon-

10

15

sive to the operation of the alternating current 20

relay for completely shunting the protector block.

7. Protective apparatus for a conductor exposed
to inductive interference which comprises a pro-
tector block, a reactor connecting the exposed
conductor o ground through the protector block,

a three-element gas filled tube having two input
electmdes in shunt with the protector nlec—}:, a
source of potential, a slow-acting relay, an alter-
nating current relay the winding of which is con-
nected in shunt with the reactor, the winding o
said alternating current relay being connscied
in a series circuit which includes the scurce of

svential, one of the input electrodes and the
"hird e%ctmde of said tube and the winding of
w-acting reiay and its armature and con-
tact, and means responsive to the operstion of
the alternating current relay for compietely
shuniting the protector block.

8. Protective apparatus for a conducter ex-
pesed to inductive interference which comprises
a protector block, a gas filled tube having two
actuating electrodes and a third electrode, a relay
having two windings one of which connects the
exposed conductor to ground through said nro-
tector block, the two actuating electrodes of said
tube being connected in shunt with the protector
bhlock, a source of potential connected in saries
with the other winding of said relay and one of
the actuating electrodes and the third electrcde of

sald tube, and means responsive to the operation

of said relay for grounding the exposed conductor
through the first-mentioned winding of said relay.

9. Apparatus for the protection of a plurality
of conductors which are exposed to inductive in-
terference, comprising a. three-electrodes gas-filled
tube, an alternating current relay having a wind-
ing which connects the various conductors to
ground through two of the electrodes of said tube,
a source of potential, a slow-operating relay the
winding, armature and contact of which gre con-
nected in series with the source of notential and
the third electrode and one of the other eleg-
trodes of said tube, and means resnonsive to the
oneravion of said alternating current relay for
simultaneously grounding all of the eondietors

through the winding of said alternating cuurent
relay.
10. Apparatus for the protection of a plurality

of conductors which are exposed to inductive
interference comprising a gas filled tube having
two actuating electrodes and a third electrede,
a plurality of protector blocks each correspond-
ing to one of said conductors, an alternating cur-
rent relay having a winding which connects the
various exposed conductors to ground through
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their corresponding protector blocks, the actu-
ating electrodes being connected in shunt with
one of said protector blocks, a source of potential,
a plurality of direct current relays having wind-
ings connected in a circuit which includes the
third electrode of said tube, the source of poten-

tial and one of the actuating electrodes of said

tube, said alternating current relay having an
armature and contact connected in shunt with
sald actuating electrode and the third electrode of
said tube, and means responsive to the operation
of said direct current relays to short-circuit all 5
of said protector blocks. | |

LELAND KASSON SWART.
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