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\ T'o all whom'st may concern:
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~'Be it known that T, Frep H. Hepuy, a citi-
zen of the United States, residing at Willi-
mantié; in the county of Windham, State of
Génitecticut; have'invented certain new and
useful Improveménts in'Automatic Reclos-
ing-Circuit-Breaker Systems, of which- the
following is:d specification.

"My ‘invértion ‘relatés to automatic reclos-
ingcircuit’breaker systems and particularly
to suchi’'systems in -which:the reclosing of ‘a
‘¢ircuit ‘breaker which éonnects a'source of
currént td 4:164d circuit, is'controlled by an
electron discharge tube which'is arranged to
be:'connected; ‘when the circuit: breaker is
open,“so that the ‘current throughithe' tube
‘varies'in ‘accordance 'with the load resist-
e B
“+:Oné object of my invention is to provide a
$éW- and - improved arrangement of connec-
tion§ of an electron discharge tubé, whereby
variations in'thé voltage of the source, which
is'fo' bé '¢onnedted to'the load’ dircdit: by the
wlosing of' the fcirduit-breaker, have sub-

25 stantially no’efféct upon the vilue of load
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ployed.

‘resistaficé "feduired . t6~ reclose ithe circuit
bregker. SR

" My inyeéntion will be bette'x} ~understood

from’ thd following -description,  taken in

‘connection with'the accompanying “‘drawing,

and its scope will be nointed ont in the ap-
pended claims. , '

. In the accompanying drawing, Fig. 1 is
‘a diagram of an automatic reclosing circuit
breaker system, embodying my invention,

-and Fig. 2 shows a characteristic curve of an

electron discharge tube, which may be em-

"Referring to Fig. 1 of the drawing, 1 rep-
resents a circuit breaker which is arranged
to connect a source of current 2, shown as
a'direct current generator: to a load circnit

'3 to which is connected the load ‘R,. The

cireuit breaker 1, which may be of anv suit-

fable type, is shown as comprising a closing
:coil 5 which. when energized, closes and

maintains - the circuit breaker in its.closed

‘position. The coil 5 1s arranged to be con-

nected to any:suitable source:of current,
such as the generator 2. - When- the cirenit
breaker 1 is closed, the circuit of the coil 5

~includes the contacts 6 -of an overload re-

lay 7 and the auxiliaty contacts 8 on the
.gircuit breaker’l; which are closed when the

“cireuit breaker is closed.- "When the cireuit

breaker 1.1s open; the circuit:of theicoil :5 is
arranged- to. be completed: through:the-tan-
tacts:6 of the overload 'relay 7 and:the cod+
tacts. 11 of a reclésing: relay:12{ the éoil 13
of which is arranged to be energized:in ac-
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cordance with:the Joad resistahce,sin:4 man- ¢

mer hereinafter! described. »
.- The ioverload ' relayi 7 issprovided-with: an

operating winding-14: Whichis:connected fo
fhe lodd :circhit:3 an any suitable:mahner.so

that the -¢hrrent through' the:toeil-14is;pro- .

-portional to:the-currént supplied; tafthe:load

circuit when the cirdzit"breakeﬁ-d isifclosed.
The relay7 isiso-designed:that it operates to

-open its-contacts 6 onlyswhencthe load cui
rent exceeds a‘predetermined value.

" 'When the circuit/bréiker 1is.open, a cur-
rent limiting means; suchoas £wd résistors R
-and Ry 'is: connectediin serie§s with! a Jodd
R, so as-to limit’the current.supplied to the
‘Joad. These résistors are short-circuited by
‘the-cireuit-breakeriwhén it-is:closed.

.'The circuit; breaker 1 isprovided iwith:the
auxiliary contdcts .16 which are closed: when
the circuit: breaket ‘is open. .c'These eontacts

are in.the circuit of the coil+17 of aftime Fe- :

lay 18, which is-arranged:to:be corneécted to
any suitable source, suchsas the: generator-2.
The relay 18 is arranged in any:shitable
manner so that it does not~close its: contacts
19 until a predetermired time lafter:the coil

17 -is energizéd. by'the elosing: of the 'con-

tacts 16. ‘The closing of the contacts:19 of

‘the relay 18 connects the- resistors R, and

R, which areconnected in series with each
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other; in parallel- with the :load: resistance -

R, and the resistor R,, so as to form a
Wheatstone bridge. The cathode 23 of an
electron discharge tube 24-is connected to
a point between the resistors R, and R,!" As

shown in the drawing, the cathode 23 is con-

nected in series with resistors: R; and Rj, so
that - the current through the resistors heats
the cathode.  The tube 24 is also -provided
with an anode or -plate 25 which ds' con-
nected to one end of the coil 13 of  the re-
closing relay:!12, the other end of the :coil

‘being ¢onnected to the positive terminals

of the generator 2 so that the plate 25 is
more positive than the cathode 23: -The tube
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24 is also provided with any suitable means

for varying the current through it syich:as
a grid 26 which i connected to a point be-

tween the resistor R, and the load R,. The

resistors R, #nd R, and the resistor R, 1o



10

28

30

35

40

45

50

55

23

which forms one arm of the Wheatstone
bridge, are preferably of such values that
with a given generator voltage, when the ci-
cuit breaker 1 is opened, the potential dif-
ference between the points to which the
cathode and the grid are connected is zero
when the load resistance R, is a value at
which it is desired to reclose the circuit
breaker, and when the load resistance is less
than this predetermined value, the point to
which the grid is connected is more. negative
than the point to which the cathode is con-
nected, and when the load resistance 1S
greater than this predetermined value the
point to which the grid is connected is more
positive than the point to which the cathode
is connected. Preferably, the relay 13 is so
designed that it will operate in response to
the value of the current that flows through
the tube 24 when the potential difference be-
tween the points to which the grid and the
cathode are connected is zero. In order,
however, to obtain sufficient current through
the tube to operate the relay 13 under the
above conditions a battery 20 may be con-
nected in series with the grid so that the
potential of the grid is more positive than
the cathode although the potential difference
bétween: the. two- points of :the: Wheatstone
bridge, to which the cathode and’grid-are
connected; is zero. - With such an arrange-
ment, it7is evident that:variations inthe
-voltage ‘of : the source 2, when the circuit
breaker is opén, has'no effect: upon the valie
of load- resistance ‘required. to- make the
potential-difference. between: the :points. tb
‘which the cathode’ and the grid-are: con-
nécted zero: _ ~ ’

. In order to compensate for variations. in
‘the current through the tube; due to‘changes
in the temperature of the cathode produced
by variations in the voltage of the source it
is preferable to operate the tubgion the sub-

‘stantially flat portion A—B of the character-
-istic curve shown in: Fig. 2, so that within

certain limits, wide variations in the: fild-
ment temperature produce: very small
chdnges in the current through the tube. -
" The operation of the system' shown in
Fig. 1 is as follows: '

- Under normal: operating conditions, the

confacts 6 of the overload relay 7 are closed
and: the circuit breaker 1 is'held in its closed
position by the energization' of the coil 5,
the: ¢iréuit’ of which includes. the contacts

'6: of theioverload relay 7 and the auxiliary
-¢ontacts'8 on:the. circuit breaker.
-au¥iliary- contacts:16 on the circuit breaker

Since the

1 ‘are’openy the ‘time relay 18 is not en-

-ergized! The contacts 19 thervefore ave open,

‘sora:’that the circuit througli the resistors
R;, and R4 and the cathode 23:i5-open. Con-
sequently, theré is no current through the

~ tibe. 24" and- theé coil 13 of the reclozing

65

relay 12.
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When an overload or a short-circuit ocenrs
on the load circuit, overload relay 7 opens
its contacts 6 so that the coil 5 1s deener-
gized and the circuit breaker 1 opens: The
opening of the circuit breaker 1 removes the
short-circuit from around the resistors R
and R,, so that they are connected in series
with the load .circuit to limit the current
supplied thereto. After the circuit breaker
opens, the current through the coil 14 of the
overload relay 7 decreases, so that the relay
closes its contacts 6. - -

The closing of the auxiliary contacts 16
on the ciremt breaker 1. when it opens,
completes the circuit of the coil 17 of the
time relay 18. After a predetermined time,
the relay 18 closes its contacts 19, thereby
completing the circuit through the resistors
R, and R,, and the cathode 23 of the elec-
tron discharge tube 24. The cathode 23
heats up and current flows through the tube
94 and the coil 13 of the reclosing relay 12.
With a short-circuit or an overload connect-
el to the.load circuit, the current through
the-coil- 13.is not sufficient to-cause the relay
12 to close its contacts 11. . As the. load
resistance increases, the potential of. the
grid 26 becomes more positive-with. respect
to the cathode 23, so' that the:.current
through the tube snd:the coil 13 Increases.
When the load iresistance reaches.a:prede-
termined value so that the-potential differ-
ence between. points:ito. which; the cathode
and the grid are connected.is a pr
mined value,.preferably zero, the relsy.12
operates and closes its contacts 11 to.com-
plete the -circuit of the - closing;..coil -§~ of
the circuit breaker.l. ‘The circuit;breaker
then closes and. the equipment: is restored.to
its normal:condition.

The resistor R is preterably. made. ad-
justable: so. that the. amount. of load , resist-
ance: required .to ‘close ‘the breaker. may . be
varied. -

While-I have shown. and  describesl sone
embodiment of my invention,:I:do not de-
sire to be limited thereto but seek to cover
in. the -appended.:claims- all those: modHica-

tions that: fall.within the.true.spirit. and-

scope of my -invention.

What I claim as new and desire to.secure -

by Lietters Patent: of the United States, is—
1. In_an ' automatic:: reclosing’ éircuit

hreaker 'system;, a source of current, a Toad
circuit, @ circuit breaker- for’ connecting
said source to said circuit; anelectron dis-
charge tube having its anode, ‘éathode’ and

grid connected: to said system. so that the
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potential différénce: between -the! points- to -

which the grid and thé cathode’ are con-
nected is zero when the-load resistance is
a predetermined valué; and means respon-
sive to the current through said. tube for
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cansing the closing of said circuit breaker ..
f ~

when the potential difference between the
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points to which said grid and cathode are
connected is a predetermined value.

2. In an automatic reclosing circuit
breaker system, a source of current, a load
circuit, a circuit breaker for connecting
said source to said circuit, an electron dis-
charge tube having its anode, cathode and
grid connected to said system so that the
potential difference between the points to
which the grid and the cathode are con-
nected is zero when the load resistance is
a predetermined value, and means respon-
sive to the current through said tube for
causing the closing of said cireuit breaker
when the potential difference betiveen the
points to which said grid and cathode are
connected is zero.

3. In an automatic reelosing circuit
breaker system, a source of current, a load

circuit, a circait breaker for connecting said

source to said load circuit, a resistor ar-
ranged to be connected in series with said
source and said load circuit when said cir-
cuit breaker is open, a second and third re-
sistor arranged to be connected in series with

,each other and in parallel with the circuit

comprising said first mentioned resistor and
said load circuit so as to form a Wheatstone
bridge, an electron discharge tube having its
cathode connected to a point between said sec-

" ond and third resistors, its grid connected to
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a point on said first mentioned resistor and
its anode connected so as to be more positive
than said cathode, said' resistors and the
connections of said tubes being such that
the potential difference between the points
to which said grid and said cathode are
connected is zero when the load resistance is
a predetermined value, and means respon-
sive to the current through said tube for
causing the closing of said circuit breaker
when the potential difference between the
points to which said grid and cathode are
connected is a predetermined value.

4. In an automatic reclosing circuit
breaker system, a source of current, a load
circuit, a circuit breaker for connecting said
source to said load ecircuit, a resistor ar-
ranged to be connected in series with said
source and said load circuit when said cir-
cuit breaker is open, 2 second and third re-
sistor arranged to be connected in series
with each other and in parallel with the cir-
cuit comprising said first mentioned resistor
and said load circuit so as to form a Wheat-
stone bridge, means operative after said cir-
cuit breaker has been open for a certain
length of time to effect the connection of
said second and third resistors in parallel
with the circuit comprising said first re-
sistor and said load circuit, an electron dis-
charge tube having its cathode connected
in series with and at a point between said
second and third resistors, its grid con-
nected to a point on said first mentioned re-
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sistor and its anode connected so as to be
more positive than said cathode, said resist-
ors and the connections of said tubes bein«
such that the potential difference between
the points to which said grid and said
cathode are connected is zero when the loaid
resistance is a predetermined value, znd
means responsive to the current througn
said tube when the potential difference he-
tween the points to which said grid and
cathode are connected is zero for effecting
the closing of said circuit breaker.

5. An automatic reclosing cirenit breaker
system comprising a circuit breaker for con-
necting a source of current to a load cir-
cuit, an electron discharge tube comprising
a cathode, anode and grid connected sc
that the potential between said grid ana
cathode varies with the load resistance in
such a manner that the current through the
tube increases as the load resistance in-
creases, and means responsive to the current
through said tube for controlling the opera-
tion of said circuit breaker, characterized by
the fact that said tube is so connected that
said last mentioned means operates to cause
the closing of said circuit breaker when the
potential difference between the points to
which said grid and cathode are connected
1S zero.

6. In an automatic reclosing cireuit
breaker system, a source of current, a load
circuit, a circuit breaker for connecting said
source to said load circuit, a plurality of
resistors arranged to be connected to said
source and said load circuit when said cir-
cuit breaker is open so as to form together
with the load resistance a Wheatstone
bridge, an electron discharge tube having
an anode, a cathode and means for con-
trolling the current through said tube con-
nected and arranged so that the current
through the tube is dependent upon the po-
tential difference between two pomts on said
Wheatstone bridge which varies with the
load resistance, and means responsive to
the current through said tube for causing
the closing of said circuit breaker when
the potential difference between said two
points on said Wheatstone bridge is a pre-
determined value. .

7. In an automatic reclosing circuit
breaker system, a source of current, a
load circuit, a circuit breaker for con-
necting said source to said load circuit,
a resistor arranged to be connected in series
with said source and said load circuit when
said circuit breaker is open, a second and
third resistor arranged to be connected in
series with each other and in parallel with
the circuit comprising said first mentioned
resistor and said load circuit so as to form
a Wheatstone bridge, an electron discharge
tube, having an anode, a cathode and means
for controlling the current through said
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tube connected. and arranged so_that the
current through the tube is dependent upon
the potential difference between two. points
on said Wheatstone bridge which varies
with the load resistance, and means respon-
sive to the current through said tube for
causing the closing of said circuit breaker
when the potential difference between two
points on said Wheatstone bridge is:a pre-
determined value.

8. In an automatic reclosing circuit
breaker system, a source of current, a load

» .

circuit, a circuit breaker for connecting
said source to said load circuit, a resistor
arranged to be connected in series with said
source and said load circuit when said cir-
cuit breaker is open,
resistor arranged to
with each other and in parallel with the

cireuit comprising said first mentioned re-
sistor, and said ‘load circuit so. as to form

a second and;third
be connected 1n- series.

1,488,438

a Wheatstone bridge, means operative after
said circuit breaker has been opened for
a certain length of time to effect the con-
nection of said second and third resistors
in parallel with the circuit comprising said
first resistor and said load circuit, an elec-
tron discharge tube having an anode, »
cathode and means for controlling current
through said. tube conmected and’ arranged
so that the current through the tube’is de-
pendent. upon: the potential difference be-
tween two points on said Wheatstone bridge
which varies with the load resistance, and
means responsive to the current through
said tube fér causing the closing of said
circuit breaker when the potential differ-
ence betwesn two points on said Wheat-
stone bridge is zero.. . ) o

In witness whereof, I have hereunto set
my hand this 18th day of October 1922.

L ~ FRED H. HEDIN.
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