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(57) Abstract: An interrupter module (10) of a molded case circuit breaker (2) includes two stationary electrical contacts (20), and a
blade carrier assembly (100) with a blade assembly (130) and a carrier (160) for the blade assembly. The blade assembly includes
two conductive blades (140A, 140B). Each blade includes a movable electrical contact (150A, 150B) for engaging a corresponding
stationary electrical contact in a closed position and for disengaging from the corresponding stationary electrical contact in an open
position. Each blade has an independent over travel and contact force to maintain contact between the movable electrical contacts
and corresponding stationary electrical contacts in the closed position.
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TITLE

DOUBLE MAKE DOUBLE BREAK INTERRUPTER MODULE WITH
INDEPENDENT BLADES

FIELD

[0001] The present disclosure relates generally to the field of molded case circuit
breakers (MCCBs), and more particularly, to a rotatable blade assembly with two

conductive blades each having an independent over travel and contact force.
BACKGROUND

[0002] A circuit breaker is an overcurrent protective device that is used for circuit
protection and isolation. The circuit breaker provides electrical system protection when a
designated electrical abnormality such as an overcurrent event occurs in the system. One
type of circuit breaker is a molded case circuit breaker (MCCB), which includes a case
containing multiple circuit interrupters of a modular type for multiple poles, commonly
for different phases of a three phase electrical system. Typically, the circuit breaker has 3
or 4 poles coupled together with common drive pins.

[0003] The circuit interrupt modules are connected by the drive pins to a common
drive mechanism for allowing the movable electrical contacts to engage or separate from
corresponding stationary electrical contacts in the circuit breaker. The movable electrical
contacts are carried on a unitary arm or blade contained on a rotating blade carrier in each
module. The common drive pins extend through each of the blade carriers of the separate
modules. A common drive mechanism imparts a rotation on the drive pins which in turn
rotates the blade carriers to open or close the circuit of all of the poles.

[0004] Over time, the operation of the circuit breaker may result in uneven wear
of the electrical contacts. For example, after a first occurrence of a short circuit, the
electrical contacts associated with either side of the unitary arm or blade of the circuit
breaker may begin to erode as a result of arcing from the short circuit which impacts each
electrical contact to a different degree. The electrical contacts on one side will tend to

have greater erosion than the electrical contacts on the other side. Once the first short
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circuit begins to unevenly erode the electrical contacts, the side with the greater erosion
will likely continue to erode at a faster rate from subsequent short circuits. As a result,
the side with the more eroded electrical contacts will have a lower contact force or a
diminished or unavailable over travel (also referred to as “overtravel”) range between the
movable and stationary electrical contacts when the circuit breaker is in the closed
position, even though the less eroded contacts on the other side are still able to establish
an electrical connection. The terms “overtravel” and “over travel” as used herein relate to
a distance that a movable electrical contact is able to move past an initial contact position
between the movable electrical contact and the stationary electrical contact, or a contact

force (or magnitude of the force) corresponding to the over travel distance.
SUMMARY

[0005] To address these and other shortcomings, an interrupter module of a
molded case circuit breaker (MCCB) is disclosed. The interrupter module includes two
stationary electrical contacts and a rotatable blade carrier assembly with a blade assembly
housed in a rotatable carrier (or “blade carrier”). The blade assembly includes two
conductive blades, each of which has a movable electrical contact configured to engage a
corresponding one of the stationary electrical contacts in a closed position and to
disengage from the corresponding one of the stationary electrical contacts in an open
position. Each of the two conductive blades has an independent over travel and contact
force to maintain their movable electrical contacts in contact with corresponding
stationary electrical contacts in the closed position.

[0006] The disclosed interrupter module addresses the problems with uneven
erosion of the electrical contacts by using two conductive blades, rather than a single
piece or unitary blade. For example, each conductive blade has associated therewith an
extension spring(s), which has one end connected to a pivot pin on the conductive blade
and an opposite end connected to a fixed pin on the carrier. The extension spring of each
of the conductive blades is used to control the over travel and contact force of the
conductive blade. Therefore, the over travel range of each of the two conductive blades
and their movable electrical contacts can be individually controlled to ensure proper
engagement of each movable electrical contact with a corresponding stationary electrical
contact in the closed position and to reduce a magnitude, rate and impact of uneven

erosion of the electrical contacts resulting from short circuits over time.
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[0007] The disclosed interrupter module may also provide for controlled contact
force through the use of cam surfaces (e.g., profiled surfaces) on the carrier, when the
interrupter module employs blow-out contacts, in addition to a trip mechanism. For
example, the two conductive blades of the blade assembly are rotatably mounted in the
carrier such that the pivot pin of each conductive blade cams against a corresponding one
of the cam surfaces of the carrier to control movement of the conductive blades between
the closed position and an initial open position, i.e., a blown open position, and between
the blown open position and a final open position, i.e., a normal open or tripped position.
The cam surfaces allow consistent extension spring length through the entire over travel

range for each conductive blade of the blade assembly.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The description of the various exemplary embodiments is explained in

conjunction with the appended drawings, in which:

[0009] Fig. 1 illustrates a side view of a circuit breaker and one of its interrupter
module with one side removed to show the internal parts in an open position or OFF state,

in accordance with an exemplary embodiment of the present disclosure.

[0010] Fig. 2 illustrates a side view of the circuit breaker of Fig. 1 with one side

removed to show the internal parts in a closed position or ON state.

[0011] Fig. 3 illustrates a side view of the circuit breaker of Fig. 1 with one side
removed to show the internal parts in an initial open position (i.c., a blown open position)

before moving to the final open position (i.c., a normal open or tripped position) in Fig. 1.

[0012] Fig. 4 illustrates a blade carrier assembly of the interrupter module of the

circuit breaker of Fig. 1.

[0013] Fig. 5 illustrates an exploded view of the components of the blade carrier

assembly of Fig. 4.

[0014] Figs. 6 and 7 illustrate an exploded view and an assembled view,

respectively, of a blade assembly of the movable blade carrier assembly of Fig. 5.

[0015] Figs. 8 and 9 illustrate the blade assembly of Figs. 6 and 7 rotatably
housed in carrier of the blade carrier assembly of Fig. 5, shown without and with pins and

springs assembled thereon, respectively.
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[0016] Fig. 10 illustrates an enlarged side view of the blade carrier assembly of

Figs. 1 and 2 with one side of the cover removed to show the internal parts.

[0017] Fig. 11 illustrates an enlarged side view of the blade carrier assembly of

Fig. 3 with one side of the cover removed to show the internal parts.
DETAILED DESCRIPTION

[0018] By way of general discussion, a molded case circuit breaker of the type
discussed herein generally has a base with interior compartments for containing the
multiple interrupter modules and the operating mechanism module which drives the
interrupter modules by common drive pins as discussed below. A cover or covers are
coupled to the base over the interrupter modules. The handle of the circuit breaker is
attached to the operating mechanism and extends through the cover to give the operator
the ability to turn the circuit breaker ON to energize a protected circuit or OFF to
disconnect the protected circuit, or to reset the circuit breaker after it trips to protect the
circuit. A plurality of line-side contact and load-side straps will extend through the case
for connecting the circuit breaker to the intended eclectrical conductors. A general
description and illustration of these known parts of the circuit breaker as a whole can be
found in U.S. Patent No. 6,965,292 for the edification of the reader should such be

needed, but will not be further discussed herein.

[0019] Fig. 1 shows a side view of a molded case circuit breaker 2 with one side
of its case and its movable blade carrier assembly cover removed to show the exemplary
parts. The circuit breaker 2 includes one or more interrupter module(s) 10 (also referred
to as an “ampoule assembly”), which can be operated to turn the circuit breaker ON or
OFF or to reset the circuit breaker 2, via a handle 32 connected to an operating
mechanism 30. Typically, a molded case circuit breaker has three or four interrupter
modules, sometimes called poles, coupled together with drive pins, such as drive pins 18

of the operating mechanism 30.

[0020] Each interrupter module 10 includes arc chutes 14 and line and load side
lugs collectively 16. An interrupter case (or casing) 12 may be a plastic casing that holds
the operable components of the interrupter module 10 together, and may be formed of
two side casings which are screwed, riveted, or otherwise fastened together. The circuit

breaker trip mechanism (not shown) imparts a rotation on the drive pins 18, passing
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through the rotatable blade carrier assembly 100, which in turn rotate the blade carrier
assembly 100 to move two conductive blades 140A and 140B to disengage (e.g.,
disconnect) respective movable electrical contacts 150A and 150B from corresponding
stationary electrical contacts 20, thereby interrupting or opening the electrical path in
which the interrupter module 10 is connected. As will be described in further detail
herein, each of the conductive blades 140A and 140B has an independent over travel and
contact force to maintain or keep their movable electrical contacts 150A and 150B
engaged to corresponding stationary contacts 20 in the closed position. The blade carrier
assembly 100 of the interrupter module 10 also includes a cover 180 with two opposing
circular sides (only one side shown in Fig. 1), which may help to control friction between

the blade carrier assembly 100 and the sides of the interrupter module 10.

[0021] In addition to the tripping mechanism, the movable electrical contacts
150A and 150B and the stationary electrical contacts 20 of the circuit breaker 2 may be
blow-out (or blow-apart) contacts, which are designed to separate or be forced apart as a
result of a sufficiently strong magnetic field generated by current in excess of a fault
current level or threshold (e.g., a fault current), such as when a short circuit occurs. For
example, under normal operating conditions, the operating current does not generate
sufficient magnetic force to separate or disengage the movable electrical contacts from
the stationary contacts in the closed position. However, when the current exceeds the
fault current level or threshold, the resulting magnetic force, which is proportional to the
current, causes the movable electrical contacts to disengage from the stationary electrical
contacts (e.g., blow out or blow apart). At the same time, the trip mechanism of the
circuit breaker is tripped as a result of the fault current (e.g., a magnetic field surrounding
a current carrying conductor near the trip mechanism provides sufficient force to unlatch
the trip mechanism and trip the circuit breaker). Accordingly, the combination of
magnetic fields forcing the electrical contacts apart while simultaneously tripping the

circuit breaker results in rapid interruption of the fault current.

[0022] Fig. 4 shows the blade carrier assembly 100 of Fig. 1 with both circular
sides (collectively 182) of the cover 180. Each of the circular sides 182 of the cover 180
includes two spaced-apart openings 184 for receiving a portion of one of the two drive
pins (e.g., the drive pins 18 in Fig. 1). Fig. 5 illustrates an exploded view of the

components of the blade carrier assembly 100 of the interrupter module 10. As shown in
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Fig. 5, the blade carrier assembly 100 includes a blade assembly 130, which includes the
conductive blade 140A with the movable electrical contact 150A, the conductive blade
140B with the movable electrical contact 150B, two wave washers 190 and a shaft (or
pin) 192. The conductive blade 140A includes an angled groove 142A and an end portion
144A with a hole 146A. The groove 142A is configured to house or retain a pivot pin
172A. The conductive blade 140B also includes an angled groove 142B and an end
portion 144B with a hole 146B. The groove 142B is configured to house or retain a pivot
pin 172B. Fig. 6 shows another exploded view of the components of the blade assembly
130.

[0023] As shown in Fig. 7, the conductive blades 140A and 140B of the blade
assembly 130 are pivotally connected together at their end portions 144A and 144B, via
the shaft 192 which extends through the holes 146A and 146B. Each side of the blade
assembly 130 includes one of the wave washers 190. The end portions 144A and 144B,
when engaged, includes a gap 148 that provides a range of pivotal movement by the
conductive blades 140A and 140B in relation to each other. In this example, the end
portion 144A of the conductive blade 140A is designed with a recessed portion to receive
the end portion 144B of the conductive blade 140B. The dimension of the gap and the
range of pivotal movement can be configured according to the dimension of the end
portions when pivotally engaged via the shaft 192. The components of the blade
assembly 130 are formed of a conductive material to allow current to flow from one of
the movable contacts 150A and 150B to the other of the movable contacts 150A and
150B. Other blade assembly configurations, including fastening mechanisms, may be
employed to pivotally connect two conductive blades together to provide a range of

pivotal movement therebetween.

[0024] Turning back to Fig. 5, in addition to the blade assembly 130, the blade
carrier assembly 100 also includes a cylindrical carrier 160 for housing the blade
assembly 130, pivot pins 172A and 172B, fixed pins 174A and 174B, a pair of extension
springs 176A and a pair of extension springs 176B. All of the components are housed in
the cover 180. In this example, the cover 180 is formed of two circular sides 182, which
can be engaged and fastened together while allowing a portion of each of the conductive
blades 140A and 140B and their movable electrical contacts 150A and 150B to extend

therethrough (as shown in Fig. 4). The two circular sides of the cover 180 can be
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fastened together using any suitable fastening mechanism (e.g., snap fit assembly, bolt or

screw assembly, cantilever and slot, tongue and groove, etc.).

[0025] Figs. 8 and 9 show the blade assembly 130 pivotally and rotatably
mounted in the carrier 160 via the shaft 192. The carrier 160 has a cylindrical shape, and
includes two opposing circular side plates 162A and 162B (collectively 162) with a
curved cylindrical surface therebetween. The carrier 160 includes a cam surface 164A
with a notch (or groove) 165A for the pivot pin 172A of the conductive blade 140A, and a
cam surface 164B with a notch (or groove) 165B for the pivot pin 172B of the conductive
blade 140B. The carrier 160 also includes a fixed pin opening 166A on each of the side
plates 162 to receive the fixed pin 174 A, and a fixed pin opening 166B on cach of the
side plates 162 to receive the fixed pin 174B. In addition, the carrier 160 includes drive
pin openings 168 on cach of the side plate 162 through which to receive a portion of one
of the drive pins 18. The carrier 160 can be molded from a thermoset or a thermosetting

material

[0026] As shown in Fig. 9, the pivot pins 172A and 172B of respective
conductive blades 140A and 140B are arranged on a first end of the cam surfaces 164A
and 164B, respectively, such as in the open position of Fig. 1 (i.e., the normal open
position or the tripped position) and the closed position of Fig. 2. An extension spring
176A is connected on each side of the carrier 160 between an end of the pivot pin 172A
and an end of the fixed pin 174A. An extension spring 176B is connected on each side of
the carrier 160 between an end of the pivot pin 172B and an end of the fixed pin 174B.
Accordingly, the conductive blades 140A and 140B are able to pivot in relation to each
other and have their own extension spring assembly (e.g., extension spring(s) and pins),
so that the conductive blades 140A and 140B have their own independent over travel and
contact force. Fig. 10 shows another view of the blade carrier assembly 100 of Fig. 9
with the cover 180 (only shown with one side of the cover). Fig. 11 shows an enlarged
view of the blade carrier assembly 100 (with only one side of the cover 180 shown) of
Fig. 3, in another open position, i.c., the blown open position. As shown in Fig. 11, the
pivot pins 172A and 172B of respective conductive blades 140A and 140B are arranged
or resting in respective notches 165A and 165B at a second end (opposite the first end) of

the cam surfaces 164A and 164B, respectively.
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[0027] An operational example of the interrupter module 10 of the circuit breaker
2 is discussed below with reference to Figs. 1, 2 and 3. As shown in Fig. 1, the circuit
breaker 2 is turned OFF with the blade carrier assembly 100 of the interrupter module 10
being in an open position, i.e., the normal open position or the tripped position. In this
open position, the movable electrical contacts 150A and 150B of respective conductive
blades 140A and 140B of the blade carrier assembly 100 are disengaged (e.g.,

disconnected) from corresponding stationary electrical contacts 20.

[0028] A user can turn ON the circuit breaker 2 and its interrupter module 10 by
moving the blade carrier assembly 100 to a closed position, as shown in Fig. 2, via the
handle 32 of the operating mechanism 30. In the closed position, the movable electrical
contacts 150A and 150B of respective conductive blades 140A and 140B are engaged
(e.g., connected) to corresponding stationary electrical contacts 20 to allow operating
current, for example, to pass downstream from a power line to one or more loads. As
previously discussed, each of the conductive blades 140A and 140B has an independent
over travel and contact force to maintain their movable electrical contacts 150A and 150B
in contact or engagement with corresponding stationary contacts 20 in the closed position.
For example, the conductive blades 140A and 140B are able to pivot in relation to each
other and include their own extension spring assembly to provide each of the conductive
blades 140A and 140B with an independent over travel and contact force. Thus, even
where erosion has begun to deform one or more of the electrical contacts on one side of
the interrupter module 10, the conductive blade on that side is able to pivot in relation to
the other conductive blade, and with the force supplied from its own extension spring
assembly, to engage its movable electrical contact to the stationary electrical contact with

sufficient force to establish an electrical connection therebetween.

[0029] When an electrical abnormality occurs, such as a short circuit or a current
in excess of a fault current level or threshold (e.g., a fault current), the blade carrier
assembly 100 moves to an initial open position, in this case, a blown open position, as
shown in Fig. 3. For example, the movable eclectrical contacts 150A and 150B are
magnetically disengaged from corresponding stationary electrical contacts 20 as a result
of the magnetic field generated by the fault current. The conductive blades 140A and
140B pivot with respect to ecach other until the gap 148 (in Fig. 7) between their
respective end portions 144A and 144B is closed, and the blades are unable to pivot

-8-
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further. The conductive blades 140A and 140B then rotate together in the carrier 160 to
the initial open position, i.e., the blown open position, with the pivot pins 172A and 172B
moving in a first direction from the first end of respective cam surfaces 164A and 164B
of the carrier 160 toward and into the notches 165A and 165B, respectively, at a second

end opposite the first end.

[0030] Simultaneously, the interrupter module 10 is tripped as a result of the fault
current, and begins a trip operation to rotate the blade carrier assembly 100 from the
blown open position in Fig. 3 to a final open position, i.c., the tripped position or the
normal open position, such as shown in Fig. 1. For example, the blade carrier assembly
100 in Fig. 3 is driven by the tripping mechanism (not shown) via the drive pins 18 to
rotate, such as in a clockwise direction. As the blade carrier assembly 100 continues to
rotate, each of the conductive blades 140A and 140B (which are also rotatable in the
carrier 160) contacts or abuts against respective interior surfaces 12A and 12B of the case
12 so that the pivot pins 172A and 172B move out of respective notches 165A and 165B
at the second end of respective cam surfaces 164A and 164B. The pivot pins 172A and
172B then move in a second direction, opposite the first direction, along respective cam
surfaces 164A and 164B back toward the first end of the cam surfaces 164A and 164B,
where the blade carrier assembly 100 is arranged at the final open position as shown in
Fig. 1. The user can thereafter turn ON the circuit breaker 2 and its interrupter 10, such
as via the handle 32 of the operating mechanism 30, to the closed position as shown in

Fig. 2.

[0031] The disclosed embodiments of the interrupter module, the blade carrier
assembly and the blade assembly are provided as examples. Although the example of the
interrupter module is discussed above as including blow-out contacts, such as employed
in a current limiting circuit breaker, the blade carrier assembly and blade assembly
disclosed herein may be incorporated into any type of circuit breaker or interrupter

module that uses a rotatable blade or arm, or the like.

[0032] While particular embodiments and applications of the present disclosure
have been illustrated and described, it is to be understood that the present disclosure is not
limited to the precise construction and compositions disclosed herein and that various

modifications, changes, and variations can be apparent from the foregoing descriptions
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without departing from the spirit and scope of the invention as defined in the appended

claims.
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CLAIMS

1. An interrupter module of a molded case circuit breaker, comprising:

two stationary electrical contacts; and

a blade assembly having two conductive blades, each conductive blade including a
movable electrical contact configured to engage a corresponding one of the two stationary
contacts in a closed position and to disengage from the corresponding one of the two
stationary contacts in an open position, each of the two conductive blades having an
independent over travel and contact force to maintain contact between the movable

electrical contacts and corresponding stationary electrical contacts in the closed position.

2. The interrupter module of claim 1, further comprising a blade carrier assembly
including:
the blade assembly;

a rotatable carrier for the blade assembly, the two conductive blades mounted in
the carrier to pivot in relation to one another; and
an extension spring for each of the conductive blades, the extension spring of each

of the conductive blades controlling the over travel and contact force of the conductive
blade.

3. The interrupter module of claim 2, wherein the blade carrier assembly further
comprises:

a pivot pin for each conductive blade of the blade assembly,

wherein the rotatable carrier further comprises a cam surface and a fixed pin for
cach conductive blade, the two conductive blades together further being rotatably
mounted in the carrier such that the pivot pin of each conductive blade cams against a
corresponding one of the cam surfaces of the carrier to control movement of the
conductive blades between the closed position and the open position, the open position

comprising a blown open position.
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4. The interrupter module of claim 3, wherein each of the conductive blades includes

a groove for retaining a pivot pin.

5. The interrupter module of claim 3, wherein each of the cam surfaces of the carrier
includes a notch at one end to retain the pivot pin of a corresponding one of the

conductive blades when the conductive blades are in the blown open position.

6. The interrupter module of claim 2, wherein the extension spring for each of the

conductive blades comprises a pair of extension springs for each of the conductive blades.

7. The interrupter module of claim 1, wherein the open position includes one of a

normal open position, a tripped position or a blown open position.

8. The interrupter module of claim 1, wherein the two conductive blades are
pivotally connected together at an opposite end from the movable electrical contacts, a
gap being provided in an area between the opposite ends of the conductive blades, when
engaged, to allow one of the conductive blades to pivot in relation to the other of the

conductive blades.

9. A rotatable blade carrier assembly for an interrupter module of a molded case
circuit breaker, comprising;:

a blade assembly having two conductive blades, each conductive blade including a
movable electrical contact configured to engage a corresponding stationary electrical
contact of an interrupter module in a closed position and to disengage from the
corresponding stationary contacts in an open position, each of the two conductive blades
having an independent over travel and contact force to maintain contact between the
movable electrical contacts and corresponding stationary electrical contacts in the closed

position.

10. The rotatable blade carrier assembly of claim 9, further comprising:

-12-
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a rotatable carrier for the blade assembly, the two conductive blades mounted in
the carrier to pivot in relation to one another; and

an extension spring for each of the conductive blades, the extension spring of each
of the conductive blades controlling the over travel and contact force of the conductive

blade.

11.  The rotatable blade carrier assembly of claim 10, further comprising:

a pivot pin for each conductive blade of the blade assembly,

wherein the rotatable carrier further comprises a cam surface and a fixed pin for
cach conductive blade, the two conductive blades together further being rotatably
mounted in the carrier such that the pivot pin of each conductive blade cams against a
corresponding one of the cam surfaces of the carrier to control movement of the
conductive blades between the closed position and the open position, the open position

comprising a blown open position.

12.  The rotatable blade carrier assembly of claim 11, wherein each of the conductive

blades includes a groove for retaining a pivot pin.

13.  The rotatable blade carrier assembly of claim 11, wherein each of the cam
surfaces of the carrier includes a notch at one end to retain the pivot pin of a
corresponding one of the conductive blades when the conductive blades are in the blown

open position.

14.  The rotatable blade carrier assembly of claim 9, wherein the two conductive
blades are pivotally connected together at an opposite end from the movable electrical
contacts, a gap being provided in an area between the opposite ends of the conductive
blades, when engaged, to allow one of the conductive blades to pivot in relation to the

other of the conductive blades.
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