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My invention relates to circuit breakers and a
primary object thereof is to provide a circuit
breaker which is responsive to temperature vari-
ations resulting from variations in an electrical
current flowing through a circuit in which it is
connected.

An important object of the present invention
is to provide a circuit breaker of the foregoing
character which includes means for compensat-
ing for ambient temperature variations so that
it will open the circuit in which it is connected
at a constant value of current for a wide range
of ambient temperatures.

Another object is to provide a circuit breaker
whose operating characteristics remain substan-
tially constant irrespective of the altitude at
which the device is used and regardless of
whether the device is enclosed, used in still air,
or in an air blast.

A further object is to provide a circuit breaker @

which will open the circuit in which it is con-
nected whenever a predetermined current fows
through the circuit, regardless of the length of
time current has been flowing through the ecir-
cuit.

Another important object of my invention is
to provide a circuit breaker having delayed oper~
ating characteristics so that it will not open the
circuit in which it is connected until a prede-
termined interval of time has elapsed after the
current flowing through the circuit reaches the
predetermined value. This construction insures
that the device will not operate to break the cir-
cuit during short intervals of high current flow,
which is an important feature of the invention.

Another object is to provide a circuit breaker
whose operation is not affected by vibration.

Still another object is to provide a circuit
breaker which may be used in a location remote

from-a control station, and which may be used s

in connection with a dev1ce at the control sta-
tion for indicating that the ecircuit breaker has
been actuated to open the cireuit in which it is
‘connected.

A further object is to provide a device which
may be used as a remotely controlled switch as
well as & circuit breaker.

Another important ohject of the present in-
vention is to provide a circuit breaker which in-

ciudes a main relay for holding closed a main 3¢

switch in a line circuit in which the device is con-
nected, and which includes means for short-cir-
cuiting the main relay whenever a predetermined
current flows through the circuit so as to permit
the main switch to open.
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More specifically, an object of my invention is
to provide a circuit breaker having an auxiliary
switch in parallel with the main relay, and hav-
ing means responsive to the current flowing in
the line circuit for closing the auxiliary switch
50 as to short-circuit the main relay whenever
the line current reaches the predetermined value.

Still another object is to provide a ecircuit
breaker wherein the aforesaid current respon-
sive means for closing the auxiliary switch in-
cludes an operating bimetallic element through
which part of the current flowing through the
line circuit may flow.

Another object of the invention is to provide
a circuit breaker wherein the operating bimetallic

-element is connected in parallel with a resistor

which, in turn, is connected in series with the
main switch, an important object in this con-
nection being to provide a device wherein the
resistor is formed of a material whose resistance
increases as its temperature increases so that
the current flowing through the parallel bimetal-
lic element increases as the temperature of the
resistor increases due to an increased current flow
therethrough. This construction provides a
time delay while the temperature of the resistor
is increasing, which is an important feature of
my invention.

A further object is to provide a circuit breaker
having means associated with the operating bi-
metallic’ element for compensating for changes
in ambient temperature.

Still another object is to provide a tempera-
ture compensating means which includes a com-
pensating bimetallic element which is mounted
parallel to the operating bimetallic element
which forms part of the auxiliary switch for

‘short-circuiting the main relay.

Still another object of the present invention is
to provide a compensating bimetallic element
which is designed to bend faster than the oper-
ating bimetallic element for a given change in
the temperature of the elements, a related object
being to provide means for retarding the rate of
bending of the compensating bimetallic element
after it has deflected a predetermined amount so
that the operating bimetallic element may close
the auxiliary switch to short-circuit the main
relay. This construction provides an additional
time delay in the operation of the circuit breaker,
which is another important feature of the inven-
tion.

An additional object is to provide a cireiut
breaker having an auxiliary relay for holding the
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auxiliary switch closed after it has been closed
by the operating bimetallic element.

A further object of the invention is to provide
a circuit breaker of the foregoing general char-
acter which may be reset from a remotely lo-
cated control station.

The foregoing objects of my invention and the
advantages suggested thereby, together with var-
jous other objects and advantages which will ke
evident hereinafter, may be attained through
the utilization of the exemplary embodiment of
the invention which is illustrated in the accom-
panying drawings and which is described in de-
tail hereinafter. Referring to the drawings,
which are for illustrative purposes:

Fig. 1 is a plan view of a circuit breaker which
embodies the invention, parts.of the device being
broken away to reveal the structure thereof more
clearly:

Fig. 2 is a front elevational view of the cir-
cuit breaker with parts thereof broken away;

-PFig. 3 is a bottom view of the circuit breaker
with parts thereof broken away;

Fig. 4 is a fragmentary, sectional view taken
glong the broken line 4—4 of Fig. 3; and

Fig. b is a diagrammatic view illustrating the
electrical circuits incorporated in the circuit
breaker.

Referring particularly to Fig. 5 of the drawings,
my circuit breaker includes a line circuit, indi-
cated generally by the numeral 10, and a control
circuit indicated generally by the numeral il.
The line circuit 10 includes a main switch 12, a
resistor 13 connected in series with the main
switch by a conductor 14, and an operating bi-
metallic element. 15 connected in parallel with
the resistor by a conducter 16, a flexible conduc-
tor 1T and a conductor 18, the operating bimetal~
lic element being of the cantilever type in the
particular construction illustrated and having a
free end {8 to which the flexible conductor !7
is connected. The line circuit 10 also includes
two line terminals 21 and 22 to which may be
connected wires 23 and 24 forming parts of an
electrical circuit (not shown) in which the eir-
cuit breaker is to be connected, the main switeh
12 being connected to the terminal 2{ by a con-
ductor 25 and the resistor {3 and the conductor
18 being connected to the terminal 22.

The control circuit 11 includes a main relay 28
which is connected to the main switeh 12, as
indicated diagrammatically by the broken line
29, and which is adapted to hold the main switch
closed to close the line circuit i0 whenever it is
energized to a predetermined extént as: will be
discussed in more detail hereinafter. The con-
trol circuit 1{ also includes an auxiliary relay 30
which is connected in series with the main relay
28 by wires 31 and 32, the auxiliary relay being
connected to an auxiliary switch 33, as indicated
schematically by the broken line. 34, and being
adapted to hold the auxiliary switch closed when-
ever it is energized to a predetermined extent in
a - manner to be described. The auxiliary switch
33 is connected in parallel with the main relay
28 and in series with the auxiliary relay 30 by a
wire 85, o conductor 35, and a wire 37.  The aux-
iliary switch 38 includes g movable switch element
39 which serves as the armature of the relay 36,

and includes a compensating bimetallic element 7

40 which is of the cantilever type in the particu-
lar construction illustrated which is spaced from
and is substantially parallel to the element {5.
The switch element 39 is adapted to be actuated
by the operating bimetallic element {5 to move
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a contact 41 thereon into engagement with a
contact 42 at the free end of the compensating
bimetallic element 40 so as to short-circuit the
main relay 28 as will be discussed in more detail
hereinafter, the switch element being separated
from the operating bimetallic element by an in-
sulating element 43 carried by the switch element.

The control circuit 11 also includes control ter-
minals 48 and 47 to which wires 48 and 49 may be
connected, the wire 35 and the conductor:36 being
connected to-the terminal 46, and the auxiliary
relay 30 being connected to the terminal 47 by a
wire 50. In the particular circuit illustrated in
Pig. 5 of the drawings, the wire 48 connected to
the control terminal 48 is grounded, as indicated
at 5i, and the wire 49 connected to the control
terminal 47 leads to a control station, indicated
generally by the numeral 52, and is connected
to a device 53 such as a cubout switch, for auto-
matically opening the control circuit {{ under
conditions to be described hereinafter. . A batiery
b4 or other voltage sourece is connected in series
with the device 53 by a wire 58, the other terminal
of the battery being connected to-a wire 58 which
is grounded as indicated at 57.

Having described the various components .of
the line -and control circuits {9 and 14 and the
electrical relationship thereof, the structural re-
lationship of these components will now be con-
sidered in detail with particular reference to Figs.
1 to 4 of the drawings. = As best shown in Figs. 2
and 4, the circuit breaker inecludes a. base 68,
which is preferably formed of insulating mate-
rial, and a U-shaped housing 64 -which is con-
nected to the base, the housing including a flange
62 which. is seated against one side of the base
60, a wall 63 which is generally parallel to.and
spaced from opposite side of ‘the base, and a
wall 64 which connects the flange 62 and. the
wall 63 and which forms the rear wall of the cir-
cuit breaker, as viewed in the drawings. The
housing. 61 is secured to the base 60 by bolts
65, 66, 67 and 68 which extend through the base
and the wall 63 of the housing, the bolts 65 and
66 also extending through the flange 62 thereof.
One of these bolts, e. g., the bolt 61, is preferably
provided with a sleeve 69 thereon which main-
tains the base €8 and the wall 63 of the housing
61 in spaced relationship. The circuit breaker
also includes a U-shaped enclosure 72 which is
insertable between the base 60 and the wall 63
of the housing 61, this enclosure being provided
with holes. therethrough for bolts 13 which may
be used to mount the eircuit breaker on any
suitable supporting structure (not shown).

Considering the manner in which the various
components of the line circuit {9 are mounted,
and referring particularly to Figs. 1, 2 and 4
of the drawings, the line terminals 24 and 22

-are preferably bolts which extend through suit-

able holes in the base 86, the line terminals
being secured to. the base by nuts 74 threaded
thereon. Preferably, lock washers 75 are inter-
posed between the nuts 74 and the base 58 to
provide a.positive connection between the line

“terminals 21 and 22 and the base. The. wires

23 and 24 which are adapted to be connected
to the line terminals 2i and £2 may be secured
by nuts 78 threaded on the line terminals, lock
Was.hers 11 preferably being provided to insure
positive connections between the line terminals
and the respective wires 23 and 24 as is well
known in the art. '

As best shown in Fig. 4 of the drawings, the
main switeh 12 comprises & bar which is adapted
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to engage the conductors {4 and 25 and which
is connected to the main relay 28 in a manner
to be described in more detail hereinafter, the
conductors {4 and 25 preferably being bars which
dre seated against one side of the base 0. The
conductor 25 is secured to the base 68 by the
line terminal 21, and the conductor 14 is secured
to the base by a bolt 18 which extends through
aligned holes in the conductor 14 and the base,
the bolt 18 being secured to the base by a nut
19 threaded thereon. A lock washer 80 is pref-
erably disposed between the nut 79 and the base
60 to provide a positive connection between the
bolt 18 and the base.

The resistor {3 is connected at one end to
the line terminal 22 and at its other end to the
bolt 78 so that it is connected in series with the
main switch 12, the location of the resistor being
shown best in Figs. 2 and 3 of the drawings.
For a reason which will be discussed in more
detail hereinafter, the resistor 13 is formed of
a material whose resistance increases as its tem-
perature increases, whereby the resistance of the
resistor 13 increases as the current flowing there-
through increases. Preferably, the resistor 13
is covered with heat insulating material 83, as
best shown in Fig. 4, to reduce radiation losses
of heat generated by current flowing through
the resistor.

As best shown in Fig. 2 of the drawings, the
operating bimetallic element 15 is mounted in
such a manner that its free end {9 engages the
insulating element 43 on the switch element 39,
the opposite end of the operating bimetallic
element being rigidly connected to a metallic
support which forms the previously mentioned
conductor 36 for connecting the control terminal
46 to the auxiliary switch 33. 'The operating
bimetallic element 15 is secured to the conductor
36 by a bolt 85 and is electrically insulated with
respect to the conductor 36 and the bolt 85 by
insulating elements 86 and 81. The conductor
36 on which the operating bimetallic element 15
is mounted is secured to the base §0 of the circuit
breaker by a bolt which, as will be discussed in
more detail hereinafter, forms the control ter-
minal 486.

The fixed end of the operating bimetallic ele-
ment {5 is connected to one end of the resistor
{3 by the conductor i6, which is preferably a

10
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to the bolt 18 by way of the strap 18, the bolt
88, the flexible conductor 11, and the strap 16.

Considering the structural relationship of the
various components of the control circuit i,
the main relay 28 is enclosed by the bolts §5,
66, 67 and 68 which connect the housing 61 to
the base 60 of the circuit breaker, the wires
31 and 35 connected to the main relay being
best shown in PFigs. 1 and 2 of the drawings.
The outer end of the wire 31 is connected to a
bolt 81 which extends through the base 60 and

.- the outer end of the wire 35 is connected to the

15

bolt forming the control terminal 46.
Referring particularly to Fig. 4 of the drawings,
the main switch 12 is provided with a central

- opening 82 which receives an insulating element
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93 having a shoulder 94 thereon, the main switch
being clamped between the shoulder 94 and an
insulating collar 95 which is frictionally telescoped
over the insulating element 93. The upper end
of the insulating element 93, as viewed in Fig. 4,
Is seated against the armature 96 of the main
relay 28 by a compression spring 87 which encir-
cles a plunger 98 threaded into the armature, one
end of the spring 87 being seated against the base
wall of a recess 99 formed in the insulating ele-
ment 93 and the other end of thig spring being
seated against a shoulder {00 formed on the
plunger 88. The purpose of the spring 97 is to
provide a yieldable connection between the main
switch 12 and the armature 95 of the main relay
28 so that the main switch will be held in posi-
tive engagement with the bars 14 and 25 when
the main relay is energized to draw the armature

5. thereof upwardly, as viewed in Fig. 4, during oper-~

ation of the circuit breaker as will be discussed
in more detail hereinafter. )

Downward movement of the main switéh 12,
as viewed in Fig. 4, is limited by an insulating
plate 103 against which the insulating element

" 93 is adapted to seat, the plate 03 being clamped

50

metal strap having one end connected to the -

fixed end of the operating bimetallic element
and having its other end connected to the pre-
viously discussed bolt 18, as best shown in Figs.
1 and 4 of the drawings. The free end {9 of

the operating bimetallic element 15 is connected

to the opposite end of the resistor (3 by the
fiexible conductor 1T and the conductor (8, the
latter being a strap in the construction illus-
trated. As best shown in Fig. 2 of the drawings,

the flexible conductor 1 is attached at one end

to the free end 19 of the operating bimetallic
element, and is connected to the base 60 at its
other end by a bolt 88, this flexible conductor
preferably being formed of woven wire or other
suitable material to permit free movement of the
end 19 of the bimetallic element 5. One end
of the strap 18 is secured to the base 60 and is
connected to the flexible conductor 17 by the
bolt 88, and the other end of this strap is se-
cured to the base by the line terminal 22, as
best shown in Figs. 2 and 3 of the drawings.
Thus, part of the current flowing through the
resistor i3 is shunted through the operating bi-
metallic element {5 from the line terminal 22

55
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between nuts (84 threaded on the bolts 65 to §8
and being provided with a central opening 105
through which the plunger 98 extends. Disposed
between the insulating plate 103 and a head (0§
formed on the outer end of the plunger 98 is a
compression spring {87 which tends to move the
armature 86 and the main switch {2 downwardly,
as viewed in Fig. 4 of the drawings, to disengage
the main switch from the conductors i4 and 25
50 as to open the line circuit {0. Thus, the spring
187 serves as means for opening the main switch
12 during the operation of the circuit breaker
and is adapted to be overcome by the main relay
28 when energized to a predetermined extent, as
will be discussed in more detail hereinafter. The
main switch 2 and the plunger 98 are preferably
enclosed by a cap (08 which is secured by means
of nuts 109 threaded on the bolts 65 to 68.

Continuing the consideration of the structural
relationship of the various components of the con-
trol circuit {1, the auxiliary relay is secured to
the base 68 of the circuit breaker by a bolt 114,
as best shown in Fig. 2 of the drawings. The
wires 32 and 50 connected to the auxiliary relay
30 are best shown in Figs. 1 and 2, the outer end
of the wire 32 being connected to the bolt 81 and
the outer end of the wire 50 being connected to
a bolt forming the control terminal 47.

The switch element, 39 forming part of the aux-
iliary switch 33 forms the armature of the aux-
iliary relay 30 and is located above the auxiliary
relay, as viewed in Fig. 2, in alignment therewith,

_ the switch element being pivoted on a support 15
- which is mounted on the base 63.

The switch
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element 39 is biased for rotation in fhe elockwise

direction, as.viewed in Fig..2, by a fension spring-

{48 so as to. hold the insulating element 43 in
engagement with the free end 19 of the operat-

ing bimetallic element 15, the spring being con-.

nected at one end to the switch element 3% and
at:its other end to the bolt 9t. The wire 3T con-
necting the switch element 39 to the main relay

28 and the auxiliary relay 38 is also connected

to the bolt 91.

The compensating bimetallic element 49 is so
mounted that. the contact 42 at its free end is
aligsned with the contact 41 on the switch ele-
ment 39; the opposite end of the compensating
bimetallic element being rigidly connected to. the
conductor 26 which forms the support for the
operating bimetallic element 15. The two bime-
tallic elements {5 and 49 are mounted in substan~-
tially: parallel relationship and are adapted to

bend in the. same direction for like changes in

the temperatures thereof, the compensating bi-
metallic element being designed to bend at a
greater rate. than the operating bimetallic ele~
ment for equal temperature changes for a reason
to.be discussed hereinafter. Mounted on the con-
ductor 35 on either side of the compensating
bimetallic element 40 and spaced therefrom are
members. {7 which are engaged by the compen-
sating bimetallic element after it has moved
upwardly or downwardly a predetermined amount
from the position shown in Fig. 2. When the
compensating bimetallic element 40 engages one
or the other of the members 117, the free length
of this bimetallic element is, in effect, reduced s0

that the rate of bending of the.compensating ele- &

ment. for: a. given rate of temperature change is
decreased. Thus, the members {17 serveas means
for retarding bending of the compensating bime-
tallic element 48 after it has bent a predeter-
mined amount, the reason for ‘this being dis-
cussed:in more detail hereinafter.

" The circuit breaker may be connected in a cir-
cuit which is-to be protected from damage due
to-a -predetermined overload current by connect-
ing: the wires 23 and 24 forming part of the cir-
enit to be protected to the line terminals 21 and
22, respectively, the wires 23 and 24 preferably
being - provided with suitable terminals (not
shown) which may be clamped in place by the
riuts 76 on the line terminals in an obvious man-
ner. Similarly, the wires 48 and 49 may be pro-
vided with terminals (not shown) which may be
clamped in place on the control terminals 46 and
471, vespectively, by nuts | i8 threaded on the con-
_frolterminals. As previously mentioned, the wire
48 connected  to the control terminal 46 is
grounded at 51, and the wire 49 connecied to the
control terminal 47 is connected to the device 83,
the latter preferably being a cutout switch which
is adapted to open the control circuit automati-
cally ‘whenever a predetermined current flows
therethrough as will be discussed in more detail
hereinafter, and which is adapted to be reset
manually. The device 53 may be a simple circuit
breaker comprising a switch 118 which is con-
trolled by a relay 120, the relay being connected
in series with the switch.

Considering. the operation- of the circuit
breaker, as long as the cutout switch 53 is closed
so that the control circuit 11 is energized, and as
long as-the current flowing through the line cir-
cuit 10 is less than the predetermined overload
value, the various components of the circuit
‘preaker will' occupy substantially the. positions
shown. throughout.the drawings. In.other words,
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8
under the conditions set forth, the main switch:

{2 is closed, and the two bimetallic elements 5
and 40 are substantially parallel so that the auxil-
iary switch 33 is open..

Consequently, the current flowing through the
control circuit {1 must flow through both the
main relay 28 and the auxiliary relay 30. The
electrical characteristics of the main and auxil-
iary relays 28 and 30- are such that the current
fowing through the control circuit {{ when the
auxiliary switch is open energizes the main relay
to an extent sufficient. to hold the main switch 12
closed, but does not energize the auxiliary relay
to an extent sufficient to hold the auxiliary switch
closed. To insure that the auxiliary switeh 233
will not be closed during normal operation of the
circuit breaker, a small magnetic- diverter (not
shown) is preferably placed between the core and
frame of the auxiliary relay 30, the flux capaeity
of this diverter being sufficient only to prevent-
closure of the auxiliary switch under the condi-
tions hereinbefore set forth.

- Whenever ambient temperature changes -are
encountered, the operating bimetallic: element {3
and the compensating bimetallic element 40 bend
in unison so that the spacing therebetween is
maintained substantially constant to prevent clo-
sure of the auxiliary switch 33. For example, if
an increase in the ambient temperature is en-
countered, the two bimetallic elements 15 and 40
will bend downwardly, as viewed in Fig. 2, at sub-
stantially the same rate so that, although the
switch element 39 is moved downwardly by the
operating bimetallic element, the.spacing between

. the contacts #1 and 42 carried by the switch ele-

ment and the compensating bimetallic element
will he maintained substantially constant. Thus;
it will be apparent that the operation of the cir-
cuit breaker is not affected by ambient temper~
ature changes.

Since -the operating bimetallic element 15 is
electrically connected to the resistor 3 in the
manner previously discussed, it. will be apparent
that some of the heat generated by the eurrent
flowing through the resistor will be -conducted
to the operating bimetallic - element; thereby
causing the operating bimetallic element to bend
so as to tend fto decrease the spacing bhetween
the two bimetallic elements. However, since the
two bimetallic. elements are mounted on the same
metallic support, viz, the conductor 36, the two
elements are thermodynamically connected so
that any heat conducted to the. operating bi~
metallic element. 15 is conducted to the com-
pensating bimetallic element 40 in substantially
the same amount, the amount of heat conducted
to the compensating bimetallic element from. the
resistor 13 being slightly less than. that con-
ducted to the operating bimetallic element there-
from because of the fact that the two bimetallic
elements are separated by the insulating element
87. In order to compensate for this difference
in the amounts of heat conducted to the oper-
ating and compensating bimetallic elements, the
compensating bimetallic element is designed to
bend an amount greater than the amount which
the operating bimetallic. element bends when the
temperatures of the two elements are changed
equal amounts. ' Thus, it ‘will be apparent that
the operation of the circuit breaker is not af-
fected by changes in temperature due to con-
duction of heat, as well as changes in the ambi~
ent temperature,

Preferably, the compensating blmetalhc ele-
ment 4% bends at a greater rate than the oper-
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ating bimetallic element i5 for equal tempera-
ture changes only during the interval that the
circuit breaker is warming up after operation
thereof is initiated. After stabilized operating
temperatures have been attained, the operating
characteristics of the two bimetallic elements
are preferably substantially identical, the retard-
ing members {17 being provided for this purpose.
Referring particularly to Fig. 2 of the drawings,
assuming that the temperatures of the two bi-
metallic elements are increased by conduction
from the resistor 13 and/or by an increase in the
ambient temperature, both bhimetallic elements
will bend downwardly, as viewed in Fig. 2, with
the compensating bimetallic element 48 kending
at a greater rate. However, after the compensat-
ing element 48 has bent downwardly a predeter-
mined amount, it will engage the lowermost of
the retarding members 117 so that, in effect, the
length of the compensating bimetallic element is
reduced, thereby reducing its rate of bending.
The lowermost retarding member {7 is so posi-
tioned that the effective reduction in the length
- of the compensating bimetallic element 40 is suf-
ficient to reduce the activity of the compensat-
ing bimetallic element to a value comparable to
that of the operating bimetallic element 15, and
is so positioned that it will be engaged by the
compensating bimetallic element when stabilized
operating temperatures are attained.

The retarding members 117 also produce an-
other important result in that they tend to bal-
ance the activities of the two bimetallic elements.
As is well knewn in the art, the activity of most
bimetallic elements tends to deerease at elevated
temperatures and, since the operating bimetallic
element reaches higher temperatures than the
compensating bimetallic element, the retarding
members 17 tend to equalize the activities of the
two elements by reducing the activity of the com-
pensating bimetallic element.

The discussion thus far has been limited to
normal operation of the circuit breaker, i. e., its
operation when the current flowing through the
line circuit 19 is less than the predetermined
overload current. If the current increases to a

. value greater than the overload current for a
predetermined interval of time, the inereased cur-
rent shunted through the operating bimetallic
element 15 will heat it and cause it to bend
at a much greater rate than the compensating
bimetallic element 49 so that the operating bi-
metallic element rotates the switch element 39 to
close the auxiliary switch 33.  However, as will
be discussed in the succeeding paragraph, clo-
sure of the auxiliary switch 33 does not occur in-
stantaneously so that brief current surges above
the overload value will not result in closure.of the
auxiliary switch 33, thereby permitting normal
operation to continue unless the overload current
persists, which is an important feature of my in-
vention. In this connection, it will be understood
that my circuit breaker is intended to be used in
circuits which will not be damaged by brief
surges of the current above the overload value.

The time delay discussed in the preceding par-
agraph is due to the use of a material for the
resistor {3 whose resistance increases as its tem-
perature increases due to an increased current
flow therethrough. Thus, whenever an overload
current flows through the line cireuit 10, the re-
sistance of the resistor 13 increases so that the
ratio of the current shunted through the operat-
ing bimetallic element 15 to that flowing through
the resistor 13 increases; thereby increasing the
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10

“bending rate of the operating bimetallic element

and inereasing the rate of movement of the switch
element 39 toward the compensating bimetallic

" element 43 thereby. However, the temperature

of the resistor 13 will not increase instantane-
ously when the current flow through the line cir-
cuit 10 increases so that the desired time delay
results.

Whenever an overload current flows through
the line circuit 10 for an interval of time equal to
the time delay discussed in the preceding para-
graph, the operating bimetallic element 15 bends
sufficlently to close the auxiliary switch 33, i. e,

- to move the contact 41 on the switch element 39

into engagement with the contact 42 on the com-
pensating bimetallic element 49. Upon closure
of the auxiliary switch 33 in this manner, a low-
resistance current path is established in parallel
with the main relay 28 5o that the main relay is
short-circuited, thereby reducing the current
flowing through the main relay to such an ex-
tent that it is no longer energized sufficiently to
hold the main switch 12 closed in opposition to
the action of the compression spring (01. Con-
sequently, the spring 18T opens the main switch
12 to break the line circuit {9.

In addition to de-energizing the main relay 28,
short-circuiting the main relay through the aux-
iliary switch 33 reduces the resistance of the
control eircuit Il so that the current flowing
through the auxiliary relay 39 is increased to an
extent sufficient to hold the auxiliary switch
closed. Preferably, the resistance of the auxiliary
relay 39 is such that, upon removal of the resist-
ance of the main relay 28 from the circuit by
short-circuiting it in the manner described, the
auxiliary relay is energized sufficiently to lock the
auxiliary switch 33 closed in a positive manner.
Thus, no triggering of the circuit breaker can oc-
cur due to vibration or the like.

As previously mentioned, the circuit breaker is
preferably used with the cut-out switch 53 con-
nected in series with the auxiliary relay 30, the
cut-out switch being located at the control sta-
tion 52 which may, for example, be the cockpit of
an airplane, the circuit breaker itself being lo-
cated in some other part of the airplane. The re-
lay 120 of the cut-out switch 53 is designed to be
energized to an extent sufficient to open the
switch 119 when the current flowing through the
control circuit il increases upon short-circuiting
of the main relay 28 by closure of the auxiliary
switch 33 in the manner previously described.
Thus, upon opening of the switch 119, current
flow through the control circuit {i ceases. If
desired, a light (not shown) or other indicating
device which is actuable by the cut-out switch
53 may be located at the control station 52 to
provide the cperator with an indication that the
line circuit 10 has been broken. '

It will be apparent that the circuit breaker
may be re-set by closing the cut-out switch 53,
the switch preferably being designed to permit
manual closing thereof. If, after closing the cut-
out switch 53, the condition which caused the
overload current to flow through the line circuit
10 still obtains, the circuit breaker will operate
in the manner hereinbefore discussed to break
the line circuit again. Howaver, if the current
flowing through the line circuit upon closure of

.the cut-out switch 53 is below the overload cur-

rent, normal operation will be resumed.

In addition to providing a remotely controlled
circuit breaker, my invention provides a device
which' may be used as a remotely controlled
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switch. It will be apparent that if the cut-out
switch 53 is opened manually, the main relay 28
will be de-energized to permit the spring 107 to
open the main switch 12, subsequent closure of
the cut-out switch resulting in closure of the
main switeh.

Although T have disclosed an exemplary em-
bodiment of my invention herein for illustrative
purposes, it will be understood that. various
changes, modifications and substitutions may be
incorporated in this embodiment without neces-
sarily departing from thé spirit of the invention,
and I hereby reserve the right to all such
changes, modifications and substitutions as prop-
erly eome within the scope of my invention as set
forthin the appended claims.

T ¢laim as my invention:

1. In a circuit breaker, the combination of: a
main switch; resilient means for opening said
main switeh; ‘a main relay connected to said main
switch and adapted, when energized, to hold said
main switeh closed in opposition to the action of
said resilient means: an guxiliary switch in
parallel with said main relay; means responsive
to current flow through said main switch for clos-
ing said auxiliary switch so as to short-circuit
said main-relay whenever a predetermined-cur-
rent flows through said main switch, whereby to
permit-said resilient means to open said main

~switch; and an auxiliary relay connected to said
auxiliary switch and adapted, when energized to
s predetermined extent, to hold said auxiliary
.switch closed, said auxiliary relay being connected
in series with said main relay and said auxiliary
switch -and being adapted to be energized to an
extent sufficient to hold -said auxiliary switch
“closed-upon short-circuiting of said main relay.

2. In a circuit breaker, the combination of: a
Hine <¢ircuit including -a main switch and a re-
sistor in series; resilient means for opening -said
main switch; a mainrelay connected to said main
switch and adapted, when energized, to hold said
‘main switch closed in opposition to the action of

said - resilient  means; an auxiliary switch in

‘parallel with said main relay and adapted, when

closed,; ‘to short-circuit said main relay so as to
“permit said resilient means-to open said main
switch; and thermostat means in parallel with
“said resistor for -closing -said auxiliary switch
when g predetermined current flows in said line
cireuit, said thermostat means including an op-
-érating bimetallic element; and 'said auxiliary
switeh including a compensating bimetallic ele-
‘ment which is parallel to said operating bimetal-
lic element and which is provided with a contact
thereon, said auxiliary switch also including a
movable -switch element having a contact there-
on which is adapted to engage said contact on
said compensating bimetallic element to short-
circuit said main relay, said switch element being
actuable by said operating bimetallic élement.
3. In a wcircuit breaker, the combination of: a
main switch; resilient means for -opening said
“main-switeh; a main-relay connected to said main
switch and-adapted, when energized, to close said
main switch in ‘epposition to-the action of said
resilient means; a resistor in -series with said
-'main switch; an operating bimetallic element in
parallel with said resistor; an auxiliary relay in
series with -said main-relay; and an auxiliary
~switch in series with said auxiliary relay and in
parallel with said main relay, -said -auxiliary
switch inc¢luding a compensating bimetallic ele-
“ment having o contact thereon, and including a
~movable switch element having a contact there-
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on which is adapted to engage said contact on
said compensating bimetallic element, said
switch element being actuable by said operating
bimetallic element to move said contact thereon
into engagement with said contact on said com-
pensating bimetallic element, and said switch ele-
ment having an insulating element thereon which
separates it from said -operating bimetallic
element. .

4. In a circuit breaker, the combination of: a
main switch; resilient means for opening said
meain-switch; a main relay connected to said
main switch and adapted, when energized, fo
close said main switch in opposition to the action
of said: resilient means; spaced, substantially
parallel, first and second -bimetallic elements,

‘said bimetallic elements being adapted o bend

in the same direction as the temperature thereof
changes, said first bimetallic element being con-
nected in series with said main switch, and said
second bimetallic element being provided with a
contact thereon; means for supporting said
bimetallic elements; a movable switch element
having a contact thereon which is adapted to en-
gage said contact on said second bimetallic ele-
ment, said switch element being actuable by said
first bimetallic element to move said contact
thereon into engagement with .said contact on
said second bimetallic element whenever the tem-
perature of said first bimetallic element differs
from that of said second bimetallic element by a
predetermined amount, said contacts forming an
auxiliary switch which is connected in parallel
with said main relay so that closure of said auxil-
tary switch shunts said main relay to de-energize
it, whereupon said resilient means opens said
main switch; and means for supporting said
switch element.

5. A circuit breaker as set forth in claim ‘4

-wherein said second bimetallic element is adapted

‘to bend at a greater rate than said first bimetallic
element for a given change in the temperature of
said bimetallic elements.

6. A circuit breaker as set forth in claim 5 in-
cluding means engageable by said second bimetal-
lic element for retarding bending of said second

‘bimetallic: element after it has bent a predeter-

‘mined amount.

7. A circuit breaker as set forth in elaim 4
wherein said bimetallic elements are electrically
insulated with respect to each other but are
thermally connected so that any heat conducted
to one of the elements is conducted to the -other
in substantially the same amount.

8. In a circuit breaker, the combination of: a
main switch; a main relay connected to said main
switch and adapted, when energized, to hold said
main switch closed; an auxiliary switch in par-
allel with said main relay; thermostat means re-
sponsive to current flow through said main switch
for closing said auxiliary switch so as to short-
circuit :said - main relay ‘whenever a predeter-
mined current flows through said main switch:
and an auxiliary relay connected to said aux-
iliary switch -and adapted, when -energized to a
predetermined - extent, to hold said -auxiliary
switch closed, said auxiliary relay being con-
nected in series with said main relay and said
auxiliary switch and being adapted to be ener-
gized to an extent -sufficient to hold said auxiliary
switch closed on short-circuiting of said main
relay.

9. A circuit breaker according to claim 8 where~

in said thermostat means includes an’ element

connected in circuit with said main switch. -
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10. A circuit breaker according to claim 8
wherein said thermostat means includes an ele-
ment connected in paralle]l with a resistor which
is connected in series with said main switch.

11. In a circuit breaker, the combination of: a
line circuit including a main switch and a re-
sistor in series; resilient means for opening said
main switeh; a main relay connected to said
main switch and adapted, when energized, to
hold said main switch closed in opposition to the
action of said resilient means; an auxiliary
switch in parallel with said main relay and
adapted, when closed, to short-circuit said main
relay so as to permit said resilient means to open
said main switch; thermostat means in parallel
with said resistor for closing said auxiliary switch
when a predetermined current flows in said line
circuit; and an auxiliary relay which is con-
nected to said auxiliary switch and which is
adapted, when energized to a predetermined ex-
tent, to hold said auxiliary switch closed, said
auxiliary relay being connected in series with said
main relay and said auxiliary switch, and being
adapted to be energized to an extent sufficient to
hold said auxiliary switch closed upon short-cir-
cuiting of said main relay by closure of said aux-
iliary switch.

HOWARD F. MASON.
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