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(57) L 1invention concerne un disjoncteur et un procede
permettant d’interrompre le flux de courant €lectrique
dans une ligne ayant une charge et une source
comprenant un premier commutateur relic en scrie a
ladite ligne. Un premier dispositif de commande, couple
au premier commutateur, est con¢u de facon a étre
actionn¢ par au moins un signal d’activation, pour
déplacer le commutateur de la position fermee a la
position ouverte. Une résistante, preésentant un
coelficient de température positif de résistivite, est relice
en serie au premier commutateur et un dispositit limiteur
de tension est reli€¢ en parallele a ladite resistance. Un
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(57) A circuit breaker and method for mterrupting the
flow of electric current 1n a line having a load and a
source including a first switch connected 1n series with
the line and a first actuating device coupled to the first
switch and adapted to be actuated by at least one
activating signal, to move the first switch from the closed
position to the open position. A resistor having a positive
temperature coefficient of resistivity 1s connected 1n
series with the first switch and a voltage limiting device
1s connected in parallel with the resistor. A second
actuating device 1s coupled to the first switch and 1s
adapted to be actuated by at least one remote control
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second dispositif de commande, couple au premier
commutateur, est congu pour €tre actionne€ par au moins
un signal d’activation de commande a distance, de facon
a deplacer le commutateur vers la position ouverte ou la
position fermée. Le second dispositif de commande
comprend en outre une bobine et un second commutateur
relic a la bobine et a la ligne, le second commutateur
¢tant congu pour activer la bobine des réception du signal
d’activation de commande a distance. Une tige de
traction, relice a la bobine, est couplée au premier
commutateur, ladite tige €tant congue pour deplacer ledit
premier commutateur vers la position ouverte lorsque la
bobine est activeée, et vers la position fermee lorsque
ladite bobine ne 1'est pas. Le premier dispositif de
commande comprend en outre une premicre et une
seconde bobines. La premiere bobine, relice en série a la
ligne et au premier commutateur, est congue pour étre
actionnée par un premier signal d’activation, pour
deéplacer le premier commutateur de la position fermee
vers la position ouverte. La seconde bobine, relice en
parallele a la résistance, est congue pour €tre actionnée
par un second signal d’activation, pour deplacer le
premier commutateur de la position fermee vers la
position ouverte. La resistance donne le second signal
d’activation a la seconde bobine. La premicre et la
seconde bobines sont enroulées autour d’un coeur
cylindrique commun et les composants du disjoncteur
sont loges dans un couvercle et une Dbase
thermoplastiques.
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activating signal, to move the first switch to the open
position or to the closed position. The second actuating
device further includes a coil and a second switch
connected to the coil and to the line, the second switch
adapted for activating the coil upon the receipt of the
remote control activating signal. A pull bar 1s connected
to the coil and coupled to the first switch wherein the pull
bar 1s adapted to move the first switch to the open
position when the coil activated and to the move and to
the closed position when the coil 1s not activated. The
first actuating device further includes a first coil and a
second coil. The first coil 1s connected 1n series with the
line and the first switch and adapted to be actuated by a
first activating signal, to move the first switch from the
closed position to the open position. The second coil 1s
connected 1n parallel with the resistor and adapted to be
actuated by a second activating signal, to move the first
switch from the closed position to the open position. The
resistor provides the second activating signal to the
second coil. The first coil and the second coil are wound
around a common cylindrical core and the circuit breaker
components are enclosed i1n a thermoplastic cover and
base.
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A circuit breaker and
method for interrupting the
flow of electric current in
a line having a load and a
source including a first switch
connected in series with the
line and a first actuating device 68
coupled to the first switch and
adapted to be actuated by at ‘
least one activating signal, to
move the first switch from the I
closed position to the open
position. A resistor having a !
positive temperature coefficient ]
of resistivity is connected In
series with the first switch and
a voltage limiting device Is
connected in parallel with the 82
resistor. A second actuating
device is coupled to the first
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switch and is adapted to be actuated by at least one remote control activating signal, to move the first switch to the open position or to
the closed position. The second actuating device further includes a coil and a second switch connected to the coil and to the line, the
second switch adapted for activating the coil upon the receipt of the remote control activating signal. A pull bar is connected to the coil

| and coupled to the first switch wherein the pull bar is adapted to move the first switch to the open position when the coil activated and to

the move and to the closed position when the coil is not activated. The first actuating device further includes a first coil and a second
coil. The first coil is connected in series with the line and the first switch and adapted to be actuated by a first activating signal, to move
the first switch from the closed position to the open position. The second coil is connected in parallel with the resistor and adapted to be
actuated by a second activating signal, to move the first switch from the closed position to the open position. The resistor provides the
second activating signal to the second coil. The first coil and the second coil are wound around a common cylindrical core and the circuit

‘ breaker components are enclosed in a thermoplastic cover and base.
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REMOTE CONTROLLABLE CIRCUIT BREAKERS WITH POSITIVE
TEMPERATURE COEFFICIENT RESISTIVITY (PTC) ELEMENTS

5 BACKGROUND OF THE INVENTION

Field of the Invention
The invention relates to the use of remote controllable circuit breakers with
positive temperature coefficient resistivity (PTC) elements and reduced size and

10  weight thermoplastic cases.

Background of the Art
Remote controllable circuit breakers are widely used for the interruption of
electrical current in power lines upon conditions of severe overcurrent caused by
15 short circuits or by ground faults. The remote signal is, for example, transmitted
from a personal computer hundreds of miles away. The prior art circuit breakers
include disadvantages such as, a very large size and high costs.
Figure 1 (prior art) is a longitudinal sectional view of a typically remote
controllable circuit breaker 10 for interrupting the flow of electrical current in a
20 line. The circuit breaker 10 is, for example, the QOAS™ circuit breaker,
manufactured by Square D Company, which is large in size and weight and very
costly to manufacture. The circuit breaker 10 can be turned on or off by a remote
signal while the breaker in the "ON" position. The remote control function of the
circuit breaker 10 of Figure 1 is accomplished using a small motor 12, which is a
25 very expensive part in such circuit breakers. When the circuit breaker 10 in the
"ON" position, current is received at the line terminal 14 and passes through the
two closed contacts 16 and 18, respectively. The contact 16 is welded onto blade
20. The current passes through the blade 20 to a bimetal 22, and leaves the
circuit breaker 10 through terminal 24 and lug 26. The circuit breaker 10 includes
30 an operating handle 11 and a spring 21 connected to the blade 20.

When a remote signal to turn the circuit breaker 10 off is received by

SUBSTITUTE SHEET (RULE 26)
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printed circuit board 28, the motor 12 rotates driver 30 counter-clockwise. A
sector gear 32 translates the rotation into a displacement of a lever 34. The
lever 34 pulls the blade 20 and separates the contacts 16 and 18, respectively.
The current is then interrupted or “turned off”, and the circuit breaker 10 remains
= in the “OFF" position until another remote control signal is received to turn the
circuit breaker 10 on. When a remote control signal to turn the circuit breaker 10
on is received by the printed circuit board 28, the motor 12 rotates clockwise.
The sector gear 32 forces the lever 34 to push the blade 20 and close the
contacts 16 and 18, respectively, wherein the flow of current may be resumed.
10
The circuit breaker 10 includes conventional technology, such as the
bimetal 22 used for overload protection. When the circuit breaker 10 is In an
overload situation, such as 135% of the rated current, the high current brings
‘additional heat to the bimetal 22. The bimetal 22 is deflected by the heat and
15 causes a trip lever 36 to detach. Circuit breakers using bimetal for overload
‘ protection must be calibrated. The calibration is performed using screw 38.
Calibration of the bimetal circuit breakers typically causes problems, and the

manufacture of these types of circuit breakers including the bimetal is costly.
The bimetal used in the circuit breakers does not behave consistently, even after
~0 calibration, and therefore, some circuit breakers will not trip at the rated 135%
overload situation. In addition to many of the other problems associated with the
use of bimetal in circuit breakers is terminal cracking, particularly in miniature

circuit breakers. The calibration of the miniature circuit breakers also resuits in

high stress of the load terminal.

25

the probiems associated with the process of interruption of the current during
20 severe overcurrent conditions Is arcing. Arcing occurs between the contacts
of circuit breakers used to interrupt the current, which is highly undesirable for
several reasons. Arcing causes deterioration of the contacts or blades of the

breaker and causes gas pressure to build up. Arcing also necessitates circuit

2
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breakers with larger separation between the contacts in the open position to
ensure that the arc does not persist with the contacts in the fully open
position. In the circuit breaker 10 of Figure 1, the large components and
designs are used because almost 100% of the interruption energy becomes
arcing, which generates high interruption pressure during a short circuit
interruption. At least six rivets 42 are typically used in the prior art circuit
breaker 10 design to hold the circuit breaker cover and base together because

of interruption pressure. The interruption pressure also causes damage to end

use equipment.

Another disadvantage in the prior art circuit breaker 10 design involves
the mag-trip function. If the current through the circuit breaker 10 reaches a
value higher than a predetermined value such as, for example, approximately
500% of the ampere rating, the circuit breaker 10 trips before the bimetal 22 has
2 chance to deflect. The predetermined current value is the mag-level of the
circuit breaker 10. An armature 44 and yoke 46 provide the tripping function.
Under normal conditions, there is an air gap between the armature 44 and the
yoke 46. When the current reaches the predetermined mag-level, the armature
44 is pulled to the yoke 46 to close the air gap. The trip lever 36 is then
delatched and the flow of electrical current in the line is cut off instantaneously
by the circuit breaker 10. However, the prior art designs of the armature 44 and
yoke 46 cannot ensure consistent mag-levels among a batch of the same circuit
breakers. The standard deviation of the mag-level of the prior art circuit
breakers is too large to consistently protect circuits.

The prior art circuit breakers include disadvantages such as, a very large
size and high costs. In order to hold the existing circuit breaker 10 mechanisms,
such as the motor 12 and tripping mechanisms, the circuit breaker 10 base and
enclosure (not shown) is designed with a very large size. The motor 12, the
large contacts 16 and 18, the arc stacks 40 and the calibration of the bimetal 22
all contributes to the costly manufacturing of the existing circuit breaker 10

design. The thermosetting material used In manufacturing the base (not shown)

and cover 48 of the circuit breaker 10 is also costly, especially compared to the
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art circuit breaker design include mechanical variations, and wear and

contamination of parts.

Chen (U.S. Patent 5,629,658) discloses a number of devices in which
PTC elements are used in conjunction with two or more switches to limit the
current under short circuit conditions and thereby reduce the associated
arcing. U.S. Patent Application Serial No. 08/918,768, filed August 25, 1997
(Chen et al.) also discloses a number of devices in which PTC elements are

used in conjunction with two or more switches to limit the current under short

circuit conditions.

There is a need, therefore, for a circuit breaker design which is less

costly to manufacture, is more reliable across a batch of circuit breakers

manufactured and is of a much smaller size overall.

SUMMARY OF THE INVENTION

The present invention provides a circuit breaker and method for
interrupting the flow of electric current in a line having a load and a source
including a first switch, having an open and a closed position, connected in
series with the line. A first actuating device is coupled to the first switch and is
adapted to be actuated by at least one activating signal, to move the first
switch from the closed position to the open position. A resistor having a
positive temperature coefficient of resistivity is connected in series with the
first switch and a voltage limiting device Is connected in paraliel with the
resistor. A second actuating device is coupled to the first switch and is
adapted to be actuated by at least one remote control activating signal, to
move the first switch to the open position or to the closed position.

The second actuating device further includes a coil and a second
switch connected to the coil and to the line, the second switch having an open

position and a closed position. The second switch is adapted for activating

4
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the coil, wherein the second switch is adapted to move to the open position or

to the closed position upon the receipt of the remote control activating signal.

A pull bar is connected to the coil and coupled to the first switch wherein the

pull bar is adapted to move the first switch to the open position when the coil
5  activated and to the closed position when the coil is not activated. The

second switch is, for example, an SCR.

The first actuating device further includes a first coil and a second coil.
The first coll is connected in series with the line and the first switch and
10 adapted to be actuated by a first activating signal, to move the first switch
~ from the closed position to the open position. The second coil is connected in
parallel with the resistor and adapted to be actuated by a second activating
signal, to move the first switch from the closed position to the open position.
The resistor provides the second activating signal to the second coil. The first

15 coil and the second coil are wound around a common cylindrical core.

Examples of the more important features of the invention have been
summarized rather broadly in order that the detailed description thereof that
follows may be better understood, and in order that the contributions to the art

20 may be appreciated. There are, of course, additional features of the invention

that will be described hereinafter and which will form the subject of the claims

appended hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

25
For detailed understanding of the present invention, reference should be
made to the following detailed description of the preferred embodiment, taken in
conjunction with the accompanying drawings, in which like elements have been
given like numerals:
30

Figure 1 (prior art) is longitudinal sectional view of a prior art remote

controllable circuit breaker:
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Figure 2 is a perspective view of a remote controllable circuit breaker in

accordance with the present invention:

Figure 3 is a longitudinal sectional view of the remote controllable circuit
breaker of Figure 2 taken generally along the line A-A of Figure 2 and including

a PTC element according to the present invention:

Figure 4 illustrates the circuitry of one phase of the circuit breaker of

Figure 3 according to the present invention: and

Figure 5 is a cross sectional view of the core, solenoid and coil taken

generally along the line B-B of Figure 3.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

For exemplary purposes, the present invention is illustrated and
described with respect to a single phase circuit breaker, although the circuit
breaker design of the present invention is equally applicable to circuit breakers

of a different number of phases, such as a three-phase circuit breaker.

Referring to Figure 2, a circuit breaker 60 is shown having a base 110,
cover 112, and operating handle 116 all preferably manufactured of a
thermoplastic material. The cover 112 secures the circuit breaker 60

components in the base 110 and is, for example, snap fitted in place.

Figure 3 shows a longitudinal sectional view of the remote controllable
circuit breaker 60 particularly illustrating the operating mechanism of the circuit
breaker 60. The circuit beaker 60 includes a polymer element having a positive
temperature coefficient of resistivity (a PTC element 62) according to the
present invention. Figure 4 illustrates the circuitry of the circuit breaker 60 of
Figure 3. The circuit breaker 60 according to the present invention is a remote
controllable circuit breaker 60 for interrupting the flow of electrical current in a
line 64 having a load 66 and a source 68 and further includes a thermoplastic
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base 110 and cover 112. The circuit breaker 60 is connected In series with

the main circuit live line 64. The neutral line 82 is also indicated in Figure 3.

The PTC element 62 is connected in series with the main circuit line
5 64. The PTC element 62 is preferably a conductive polymer, such as, for
example, Poly-Switches™ manufactured by Raychem and Bourns, or,
alternatively any PTC material having the desired resistivity value. A switch or

a set of contacts 72 is connected in series with the main circuit line 64 and in
series with the PTC element 62. One or more metal oxide varistors 74 (MOV)

10 and a coil 76 are connected in parallel with the PTC element 62 respectively.

" In order to limit the complexity of the figures, only one varistor 74 is shown.
The purpose of the varistor 74 is to protect the PTC element 62 during a short
circuit interruption. The rated voltage of the varistor 74 has to be equal to or
smaller than the rated voltage of the PTC element 62. A series coil 78 is also

15 connected in series with the main circuit line 64. The series coil 78 is, for
example, wound around the same core 80 as the trip coil 76. The series coil
78 and the coil 76 act as actuating devices for the switch or contacts 72. For

the sake of simplicity, Figures 3 and 4 do not illustrate all of the electronic

components in the circuit breaker.

20
A solenoid 84 is connected to the main circuit line 64 on the source 68

side through a printed circuit board, such as a remote signal circuit board 86.
As shown in Figure 4, the solenoid 84 is mounted on a base 110 of the circuit
breaker 60 and adjacent to blade 90. The solenoid 84 is remotely controlied

25 through the remote signal circuit board 86. A pull bar 92 is inserted in the
center of the solenoid 84 and attached to the blade 90.

The solenoid 84 and the pull bar 92 provide the remote control

functions in the circuit breaker 60 and act as an actuating device on the switch

30 orcontacts 72. The solenoid 84 and the pull bar 92 turn the circuit breaker 60
off when the circuit breaker 60 is in the “ON" position, if the appropriate
remote signal is received by the remote signal circuit board 86. For example,

an operator or computer sends a signal to the remote signal circuit board 86.

7/
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The remote signal circuit board 86 includes .an SCR (semiconductor-
controlled rectifier) 94 that conducts upon detection of the signal. The effect

of this is to apply the full line voltage across the solenoid 84 thus activating it;

the PTC element 62 and the varistor 74 are bypassed.

Current flowing through the solenoid 84 generates a magnetic force
wherein the pull bar 92 is moved causing the blade 90 to separate the
contacts 72. The current in the solenoid 84 remains until a remote signal to
turn on the circuit breaker is received. For example, the operator or computer

10 sends a signal to the remote signal circuit board 86 to turn the circuit breaker
‘60 on wherein the current in the solenoid 84 is cut off, and the magnetic force
acting on the pull bar 92 is removed. A spring 100 will pull the blade 90 back
to its original position and close the contacts 72 wherein the circuit breaker 60
Is "turned on”. The solenoid 84 of the present invention provides the remote

15 control functions of the circuit breaker 60 at a much lower cost than the
motors used in the prior art circuit breakers.

Under normal operations, most of the current goes through the PTC
element 62 instead of the coil 76 because the cold resistance of the PTC
20 element 62 is much lower than that of the coil 76. The PTC element 62 is
heated by the current under small overload situations such as 135% and
200% of the ampere rating of the circuit breaker 60. The resistance of the
PTC element 62 increases sharply as its temperature increases over a
threshold.  The voltage across the PTC element 62 will reach the
25  predetermined value, and thus energize the coil 76. The coil 76 is energized
to push a latching rod which also acts as the core 80 to the right and unlatch a
trip lever 104 when the voltage across the PTC element 62 and the current
through the PTC element 62 reach certain predetermined values. The flow of
electrical current in the line 64 is then interrupted by the circuit breaker 60.
30
If the current through the breaker reaches a value higher than another
predetermined value, such as, for example, about 500% of the ampere rating
of the circuit breaker 60, a large current going through the series coil 78
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generates enough magnetic force to delatch the trip lever 104. The series coil
78 provides the mag-trip function and open the contacts 72 faster than the coil
76 under high current levels. The series coil 78 and the trip coil 76 are wound
around the same core 80 which is, preferably a cylindrical core 80. Typically
the cross section of the armature and yoke of the prior art designs are
rectangular and the size is much larger. The use of a cylindrical core 80,
smaller in cross section and in length than the prior art yoke, with the series
coil 78 and the trip coil 76 provides the same electro-magnetic strength as the

larger size armature and yoke mechanisms of the prior art circuit breakers.

The mag-trip mechanism of the present invention provides advantages
over the mag-trip mechanism of the prior art circuit breaker 10 shown in
Figure 1. One advantage is that the series coil 78 provides more consistent
mag-trip levels in a batch of the same circuit breakers than the armature and
yoke mechanisms of the prior art circuit breakers. Another advantage is that
the mag-trip mechanism including the series coil 78 in the circuit breaker 60 of

the present invention occupies less space than that of the prior art mag-trip

mechanism.

During a short circuit, the high short circuit current heats the PTC
element 62 quickly, for example, within approximately a millisecond, which
generates a voltage across the PTC element 62. The voltage across the PTC
element 62 is typically high enough to overcome the system voltage and limits
the short circuit current. The MOV 74 provides a shunt path for the extra
current during a short circuit interruption, and thus protects the PTC element
62 from breaking down. After the interruption energy is consumed or
extinguished, the contacts 72 are opened by the operation of the coil 78, the

trip lever 104, and the spring 100.

Because the arcing energy is small, the contacts 72 in the present
invention are manufactured smaller than those needed in the prior art circuit
breaker designs. Also, the separation distance between the contacts 72 after

the circuit breaker 60 trips is dramatically reduced. For example, two to three
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millimeter separation between the contacts 72 in the circuit breaker 60 of the
present invention is sufficient, wherein the distance between the contacts 16
and 18 in the prior art circuit breaker 10 in Figure 1 must be greater than 1
centimeter. The large separation of the contacts 16 and 18 in the prior art
5  circuit breaker 10 Is required because of the short circuit interruption. tn the
present invention, the PTC element 62 and MOV 74 perform the interruption
operation, and the contacts 72 separate after the interruption is completed by
the PTC element 62 and MOV 74. With the small contact separation, the
circuit breaker 60 of the present invention still passes UL489 or IEC898

10 requirements.

Since there is little arcing during a short circuit interruption, there is also
no pressure on the circuit breaker 60 cover 112, and base 110 during the
interruption. The bimetal calibration is also no longer necessary in the circuit

15 breaker 60 of the present invention. Because of the reduced pressure and wear
on the circuit breaker 60, the cover 112, and base 110 are, for example,
manufactured of a thermoplastic material. The thermoplastic material used for
the circuit breaker 60 of the present invention includes, for example, a 0.060
inch minimum wall thickness which will decrease mold cycle time from typically

20 20 seconds to approximately 5 seconds. The prior art circuit breaker designs
typically requires hours of time for base baking and deflashing. The use of
thermoplastic cases in the present invention eliminates the need for base baking
and deflashing and will shorten the manufacturing and assembly time by
approximately ten hours. The rivets 42 in the prior art circuit breaker 10 of

25 Figure 1 can also be replaced with snap fit and/or ultrasonic staking for
assembly of the circuit breaker 60 according to the present invention. Typically,
in prior art circuit breaker designs, snap fitting or ultrasonic staking would not be

used because of the high pressures.

30 Therefore, the circuit breaker of the present invention including the use
of a PTC element, a mag-trip mechanism including a solenoid and series coil
wrapped around a single core and remote control solenoid provides numerous
advantages over the prior art remote controllable circuit breaker designs

10



CA 02320251 2000-08-08

WO 00/36624 PCT/US99/29496

including dramatically reduced cost and greatly reduced size. For example, the
size of the circuit breaker of the present invention is reduced to approximately

half the size of the prior art circuit breaker design.

While preferred embodiments have been shown and described. various
modifications and substitutions may be made thereto without departing from
the spirit and scope of the invention. Accordingly it is to be understood that

the present invention has been described by way of illustrations and not

limitations.

11
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WHAT IS CLAIMED IS:

1. A circuit breaker for interrupting the flow of electric current in a

line comprising:

a first switch, having an open and a closed position, connected in
series with the line;

a first actuating device coupled to the first switch, adapted to be
actuated by at least one activating signal, to move the first
switch from the closed position to the open position;

a resistor having a positive temperature coefficient of resistivity
connected in series with the first switch;

a voltage limiting device connected in parallel with the resistor: and

a second actuating device coupled to the first switch and adapted to be
actuated by at least one remote control activating signal, to

move the first switch to the open position or to the closed

position.

2. A circuit breaker, as recited in claim 1, wherein the second

actuating device further comprises:

a coil;

a second switch connected to the coil and to the line, the second
switch having an open position and a closed position, and
adapted for activating the coil, wherein the second switch is
adapted to move to the open position or to the closed position
upon the receipt of the remote control activating signal; and

a pull bar connected to the coil and coupled to the first switch wherein
the pull bar is adapted to move the first switch to the open
position when the coll activated and to the closed position when

the coil is not activated.

3. A circuit breaker, as recited in claim 2, wherein the second

switch is a silicon-controlled rectifier (SCR).

12
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4. A circuit breaker, as recited in claim 1, wherein the first actuating

device further comprises:

a first coil connected in series with the line and the first switch, adapted
to be actuated by a first activating signal, to move the first switch
from the closed position to the open position;

a second coil connected in parallel with the resistor, adapted to be
actuated by a second activating signal, to move the first switch
from the closed position to the open position, wherein the
resistor provides the second activating signal; and

wherein the first coil and the second coil are wound around a common

cylindrical core.

S. A circuit breaker, as recited in claim 1, further comprising:
a thermoplastic cover and thermoplastic base for enclosing the circuit

breaker components.

6. A circuit breaker, as recited in claim 5, further comprising:

snap fit connections for mounting the circuit breaker cover on the base.

7. A circuit breaker, as recited in claim 5, further comprising:

ultrasonic stakes for mounting the circuit breaker cover on the base..

13
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8. A method for interrupting the flow of electric current in a line
comprising:

connecting a first switch, having an open and a closed position, in
series with the line;

coupling a first actuating device to the first switch, adapted to be
actuated by at least one activating signal, to move the first
switch from the closed position to the open position;

connecting a resistor having a positive temperature coefficient of
resistivity in series with the first switch;

connecting a voltage limiting device in parallel with the resistor; and

coupling a second actuating device to the first switch and adapted to
be actuated by at least one remote control activating signal, to
move the first switch to the open position or to the closed

position.

9. A method, as recited in claim 8, wherein coupling the second

actuating device further comprises:
connecting a second switch to a coil and to the line, the second switch

having an open position and a closed position, and adapted for
activating the coil, wherein the second switch is adapted to
move to the open position or to the closed position upon the
receipt of the remote control activating signal; and

connecting a pull bar to the coil; and
coupling the pull bar to the first switch wherein the pull bar is adapted

to move the first switch to the open position when the coil
activated and to the closed position when the coil is not

activated.

10. A method, as recited in claim 9, wherein the second switch is a

silicon-controlled rectifier (SCR).

14
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11. A method, as recited in claim 8, wherein coupling the first

actuating device further comprises:

connecting a first coil in series with the line and the first switch,
adapted to be actuated by a first activating signal, to move the
first switch from the closed position to the open position:

connecting a second coil in parallel with the resistor, adapted to be
actuated by a second activating signal, to move the first switch
from the closed position to the open position, wherein the
resistor provides the second activating signal; and

winding the first coil and the second coil around a common cylindrical

core.

12. A method, as recited in claim 8, further comprising:
enclosing the circuit breaker components in a thermoplastic cover and
thermoplastic base.

13. A method, as recited in claim 12, further comprising:
mounting the circuit breaker cover on the base using snap fit
connections.

14. A method, as recited in claim 12, further comprising:

mounting the circuit breaker cover on the base using ultrasonic stakes.

15
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