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SEALED CIRCUIT BREAKER ASSEMBLY

This appl at claims the benefit of U.S. Provisional Patent

Application Serial No. 61/499358, filed June 21, 201 entitled "SEALED PLUG-IN

CIRCUIT BREAKER. ASSEMBLY," which is incorporated by reference herein.

BACKGROUND

ic i

The disclosed concept pertains generally to circuit breakers and, more

particularly, to circuit breaker assemblies, such as, for example, circuit breaker panels

for a number of circuit breakers.

Circuit breakers are used, r example, in aircraft electrical systems

where they ot only provide overeurrent protection but also serve as switches for

turning equipment on and off. Aircraft or subrainiature circuit breakers, for instance,

are typically relatively small to accommodate the relatively high-density layout of

aircraft circuit breaker panels, which make circuit breakers for numerous circuits

accessible to a user. Aircraft electrical systems can co. s i.s »for example, of hundreds

of circuit breakers, each of which is used for a circuit protection function as wel as a

circuit disconnection function through a push-pull handle,.

The circuit breaker push-poll handle is moved fro in- o- t n order

to open the corresponding load circuit. This action may be either manual or, e se,

automatic in the event of an overload or fault condition. f the push-pull handle is

moved from out o in , then th load circuit is .re-energized. f the load circuit had

been automatically de-energized, then the out-to n operation of the push-pull handle

corresponds to a circuit breaker reset action.

Such circuit breakers typically include a threaded bezel. A suitable

fastener, such as nut and washer, mount the circuit breaker at a corresponding

opening of an aircraft circuit breaker mounting panel The push-pull handle passes

through the bezel to the user side of the mounting panel, The circuit breaker also



typically includes line and load screw terminals disposed on the opposite maintenance

side of the mounting panel.

Aircraft circuit breaker panels are typically packaged and exposed to

the environment in which they are installed. For example, in military aircraft

applications the circuit breaker panel may be installed in non-pressurized areas of the

aircraft repeatedly exposed to, among other environmental conditions, moisture, salt

fog corrosion, sand and dust These conditions may reduce the reliability of circuit

breaker panels.

There is room for improvement in circuit breaker assemblies.

; A

These needs and others are met by embodiments of the disclosed

concept, which are directed to a sealed plug-in breaker panel Among other benefits,

the sealed plug-in breaker panel provides an environmentally resistant panel that can

be reliably placed in harsh environmental conditions.

As one aspect of the disclosed concept, a sealed plug-in circuit breaker

panel Is provided. The sealed plug- ίη circuit breaker panel comprises an enclosure

defining an interior portion sealed from an exterior portion. The enclosure includes: a

housing; a face plate removably coupled to the housing, the face plate having a

number of apertures formed therein; and a front seal member disposed betwee the

ace plate and the housing n a manner such that the face plate and the housing are

sealingly engaged. The breaker panel further comprises: an electrical bus structure

coupled to the housing; a plurality of first plug-in members coupled to the electrical

bus structure; a number of circuit breakers disposed in the enclosure; a number of

feeders having a number of terminals provided on. and sealed to the enclosure; and a

um ber of load connectors provided on and sealed to the enclosure. Each of the

number of circuit breakers comprises a manua operator a d at least a pair of second

plug-in members, the manual operator protruding through and extending from a

corresponding one of the number of apertures of the face plate. Each of the second

plug-in members are electrically coupled to a corresponding one of the first plug-in

members. Each terminal of the number of terminals is electrically coupled to the

electrical bus structure and structured to provide power to the bus structure. Each of



the load conductors has a number of load pins electrically coupled to the bus

structure.

The face plate ay include a number of collar portions each disposed

about a respective aperture of the number of apertures arid each circuit breaker of the

number of circuit breakers ay include; a neck portion disposed about the manual

operator and a breaker seal member provided about the neck portion in a manner such

that the eck portion and. the collar portion of the corresponding one of the number of

apertures are seaiingly engaged.

At east one of the neck portion and the co ar portion may include a

circular groove the circular groove being structured to position the breaker seal

member for sealing the neck portion and the collar portion.

The ace plate may include a number of captive fasteners which

removably engage the housing such that the race plate is removably coupled to the

housing.

The enclosure may further include a rear cover removably coupled to

the housing and a rear sea member disposed between the rear cover and the housing

in a manner such that the rear cover and the housing are seaiingly engaged.

The housing may include a number of captive fasteners which

removably engage the rear cover such that the rear cover is removably coupled to the

housing.

Each terminal of the number of terminals may comprise a post formed

from a conductive material which passes through the rear cover, the post being

coupled and sealed to the rear cover via the interaction of a circular jam nut and a

circular o-ring, the circular o-ring being compressed between the circular am nut and

the real cover.

Each oad connector of the number of load connectors may be coupled

to, and sealed with, the rear cover member via an o-ring or a gasket member.

The number of load pins of each load connector ma be electrically

coupled to the electrical bus structure by a ribbon cable.

At least one of the housing and th rear cover may include a directional

vent structured to vent pressure from the interior portion of the enclosure.



A full understand of the disclosed concept can be gained from the

following description of the preferred embodiments when read in conjunction with the

accompanying drawings in which:

FIG. is a front view of a sealed plug-in circuit breaker assembly

according to an example embodiment of the disclosed concept.

F G 2 is a top view of the sealed ping-in circuit breaker assembly of

FIG. .

FIG. 3 is a rear view of the sealed plug-in circuit breaker assembly of

FIG. 1.

FIG. 4 is a front isometric view of the sealed plug-in circuit breaker

assembly of FIG. .

FIG. 5 s a cross-sectional view of the sealed plug-in circuit breaker

assembly of FIG, taken along line 5-5 ofF!G. .1.

FIG. 6 is enlarged detail view of a portion of the cross-sectional

view of FIG. 5, showing the sealed interface between a circuit breaker and a

faceplate.

FIG 7 is an isometric view of the sealed plug-in circuit breaker

assembly o G. I showing generally the top and rear of the sealed plug-in circuit

breaker assemb l

As employed herein, the term "number" shall mean one or a integer

greater than one (i.e., a plurality).

As employed herein, the statement that two or ore parts are

"coupled" together shall mean that the parts are joined together either directly or

joi ed through one or ore intermediate parts.

As employed herein, the term "fastener" refers to any suitable

connecting or tightening mechanism expressly including, but not limited to, screws,

bolts, nuts (e.g., without limitation, ock nuts and combinations thereof.

The disclosed concept is described in association with submi ar re or

aircraft circuit breakers, although the disclosed concept is applicable to a wide range



of different circuit breakers for a wide range of different applications, Such circuit

breakers can be employed, for example and without limitation , aircraft alternating

current (AC) electrical systems having a typical frequency of about 400 ¾ but ars

also be used in direct current. (DC) systems. t will also become evident that the

disclosed concept is applicable to other types of circuit breaker pa els including those

used i AC systems operating at other frequencies; to larger circuit breakers such as

miniature residential or commercial circuit breakers; and to a wide range of circuit

breaker applications, such as, for example, without limitation, residential,

commercial ., industrial, aerospace, and automotive. As further non-limiting examples.

both AC without limitation, 120, 220, 80-600 VAC) operation at a wide range

of frequencies (e.g., without limitation. SO 60 0» 400 Hz. and higher or lower

frequencies) and DC operation (e.g.. without limitation, 42 V C are possible,

Referring to F GS. 1-7, a circuit breaker assembly, such as the example

sealed plug-in circuit breaker panel 2, is shown. The circuit breaker panel 2 includes

a housing 4, an electrical bus structure 6 (F G. 5) coupled to the housing 4. a number

of first plug-in members 8 coupled to the electrical bus structure 6 (F G 5). a plurality

of circuit breakers (thirteen circuit breakers are shown in the illustrated example

embodiment, although any suitable number can be employed) a rear cover 12 coupled

to a rear portion (not numbered) of the housing 4, a d a face plate 14 coupled to a

front portion (not numbered) of the housing 4 . It is to be appreciated that the housing

4, face plate 14. and rear cover genera y form art enclosure (not numbered) which,

as will be understood from the farther details below, defines an interior portion that is

environmentally sealed fro the exterior thereof and thus also the surrounding

environment in which the circuit breaker panel 2 is disposed.

Bus structure 6 shown in the sectional view of IG. 5, can be the same

as or similar to the bus structure described in detail in U.S. Patent No. 8,094,436 B2,

the contents of which are incorporated by reference herein, although a wide range of

other suitable bus structures can e employed. Referring to FIGS. 2, 3 i 5. power is

provided to the bus structure 6 via feeders d, S and 20 for an example three-phase

system, Typically, for each of the feeders , , 20 there can be a single three-pole

AC circuit breaker (not shown) and a plurality of single pole AC circuit breakers (not

shown) for each of the three phases. For example, each of the feeders , 8, 20 is a



three-terminal terminal block havi g three power terminals (not numbered) for the

three phases of the corresponding feeder.

Each of the terminals of each of the feeders , 0 is sealed to the

rear cover . As shown in the sectional vie of FIG. 5. each of the power terminals

of each of the feeders (only one power terminal of feeder is shown in FIG. 5) is a

solid post 1Sa formed from a conductive material which passes through the rear cover

2 . The post a is coupled and sealed to the rear cover 12 through the interaction of

a circular jam nut and a circular o-ring (shown compressed) which is

compressed between the circular jam nut 19 and the rear cover 2 .

Each phase of the feeders , 18 . 20 is electrically coupled to a

corresponding first plug-in member 8 in a manner such as described in the

aforementioned U.S. Patent 8,094.436, such that the phases of power supplied to the

feeders 18 , 0 are electrically connected to the corresponding first plug-in

members 8

Continuing to refer to FIGS. 2 3 and 5, a number of oad connectors

22 an 24 (e.g. without limitation, sealed military MS38999 output connectors) each

having a number of load pins (not numbered) are provided on. and sealed to, rear

cover . such as through the use of an o-ring or suitable gasket member, such as

gasket 25 shown in FIG. 5, The electrical bus structure 6 (e.g., a number of inner

power layers thereof) suiiably routes the load outputs from and the power inputs to the

various circuit breakers 1.0 As shown in FIG. 5, the load outputs can be coupled

between the electrical bus structure 6 and the load pins of each of the oad connectors

22 24 by a number of conductors or a ribbon cable 26

Referring to the sectional views of FIGS. 5 and 6, each of the circuit

breakers includes a .first surface 28 (FIG. 6), a manual operator 30 (e.g., without

limitation, a push-pull operating handle) disposed from the first surface 28, a neck

portion 3 1 (FIG. 6) disposed about the manual operator 30 and extending r om the

first surface 28 and at least a pair of second plug-in members 32 (FIG. 5) disposed

opposite the first surface 28. An example circuit breaker suitable for use in the

disclosed concept is a sealed circuit breaker as generally described in U.S. Patent No.

6,864,446 B , which has been modified to utilize plug-in terminals suitable for

engagement with first plug-in members 8.



Continuing to refer to FIGS. 5 and 6 , each of the second plug-in

members 32 of each of the circuit breakers is mated with a corresponding one of

the first plug-in members 8. Each second plug-in member 32 and the mated

corresponding first plug-in ember 8 cooperate to provide one of a power input (e.g.,

ue ) to or a load output (e.g., load) from the corresponding circuit breaker 1.0. The

power input can be, for example, a single phase AC input or a single DC input

Alternatively, the power input can be, for example, a three-phase AC input as shown

at three-phase feeders , and 20.

The housing 4 includes a cumber of captive fasteners 34 (e.g.. without

limitation, stanchion bolt(s)) removably engaging the rear cover in a manner such

feat the rear cover 12 is removably coupled to the housing 4. A rear seal member 36

(FIG. 5), such as an elastomer seal, s provided between the housing 4 and the rear

cover 12 in order to prevent contaminates (e.g.. without limitation, moisture, sand,

dust) from entering the circuit breaker panel 2 at the junction of the housing 4 and the

rear cover . The rear cover encapsulates the wiring between the electrical bus

structure 6 and the load connectors 22, 24,

Still referring to F GS. 5 and 6, the face plate 4 includes a fi rs

surface 36, an opposite second surface 38 and a number of apertures 40 disposed

through the first surface 36 and the opposite second surface 38 of the f e plate 4 .

Face plate 4 further includes a number of collar portions 41, each disposed about a

respective aperture 40 and extending from second surface 38. When the face plate 14

is coupled to the housing 4, the manual operator 30 of a circuit breaker passes

through a corresponding one of the apertures 40 so as to be readily accessible to an

operator as perhaps best shown in FIGS 4 and 5). The first surface 28 of the circuit

breaker engages the end (not. numbered) of a respective collar portion 4 of the

face plate 14 in order to maintain mating of each of the number of circuit breakers 0

with the corresponding number of the first plug-in members 8.

The face plate 14 includes a number of captive fasteners 42 (e.g.,

without limitation, quarter-turn aste er(s)) removably engaging the housing 4 such

that the face plate 4 is removably coupled to the housing 4. Such arra ngement

readily provides for maintenance or inspection of one or more of the various circuit

breakers .10. in order to prevent contaminates (e.g., without limitation, moisture.



sand, dust) from entering the circuit breaker panel 2 at the junction of the housing 4

an the ace plate a front seal me er 44 (e.g., without limitation, an elastomer

seal) is provided between the face plate and the housing 4 to create a seal

therebetween. Additionally, as shown in F GS 5 and 6, a breaker seal mber 46

(e.g., without limitation, an o-ringj is provided about the neck portion of each

circuit breaker 0 in a manner such that a seal is formed between the respective collar

portion 4 1 of each aperture 40 and the neck portion 3 of the associated circuit

breaker 10 This prevents contaminates (e.g., without limitation, moisture sand, dust)

from entering the circuit breaker panel 2 between the .respective- collar portion AI and

the neck portion 3 i of the associated breaker. n order to position seat member 46 in

a desirable manner, a groove ma be provided in one o both of the neck portion 3 of

the breaker and/or the collar portion 4 1 of the face plate 4 . ϊη the example

embodiment illustrated, a circular groove 47 is provided in the neck portion of

circuit breaker in which seal member 46 is seated, Addi tionally another circular

groove 48, which shallower than the circular groove 4 , is provided in the collar

portion of the face plate .

it is to be appreciated tha the disclosed concept provides an

environmentally sealed, harsh environment circuit breaker panel off e ng sealed sub¬

assemblies, sealed removable faceplate, seated circuit breakers, and sealed feeder

terminals and connectors. This increases reliability of the panel and components,

particularly when installed in harsh environments. Key performance improvements

include, for example, without limitation, prevention of.rn.oisi.ure» sand and. dust

intrusion and increased dielectric withstand design margin without the need of potting

materials, such as TV adhesive sealant or epoxy gap filters, found in more

conventional harsh environment circuit breaker installations.

As the disclosed concept provides for a sealed enclosure, one or both

of the housing 4 and/or the rear cover may include a directional vent 50 (shown

schematically in F G. 3) which allows tor venting of pressure from the circuit breaker

panel 2 generated by internal heating.

While specific embodiments of the disclosed concept have been

described in detail, it will be appreciated by those skilled in the art that various

modifications and alternatives to those details could be developed in ight of the



v rsli teachings of the disclosure. Accordingly, the particular arrangements

disclosed are meant to be illustrative on y and not limiting as to the scope of the

disclosed concept which is to he given the full breadth of the claims appended and

a y and all equivalents thereof,



1 A sealed plug-in circuit breaker pane (2) comprising:

an enclosure (4, , 24) defining a interior portion sealed from an exterior

portion, the enclosure including:

a housing (4);

a face plate (14) removably coupled to the bousing, the face plate

having a number of apertures (40) formed therein; and

a front seal member (44) disposed between the face plate and the

housing in a manner such thai the face plate and the housing are sea ngly engaged;

an electrical bus structure (6) coupled to the housing;

a plurality of first plug-in members (8) coupled to the electrical bus structure;

a number of circuit breakers ( ) disposed in the enclosure, each of the

number of circuit breakers comprising a manual operator ( ) and at least a pair of

seco d plug-in. members (32), the manual operator protruding through and extending

from a corresponding one of the number of apertures of the f e plate, each of the

second plug-in members bei electrically c pled to a corresponding one of the first

plug-in members;

a number of feeders (16, , 0) having a .number o terminals provided on,

and sealed to the enclosure, each terminal of the number of terminals electrically

coupled to the electrical bus structure and structured to provide power to the bus

structure; and

a umber of load connectors (22, 4) provided on and sealed to the enclosure,

each of the load conductors having a number of load pins electrically coupled to the

bus structure,

2. The circuit breaker panel (2) of claim 1 wherein:

the face plate includes a number of c lar portions (41) each disposed abou t a

respective aperture of the number of apertures; and

each circuit breaker of the number of circuit breakers includes;

a neck portion ( ) disposed about the manual operator; and



a breaker sea member (46) provided about the neck portion in a

manner such that the ne k portion and the collar portion of the corresponding one of

the number of apertures are sealiugiy engaged.

3 . The circuit breaker panel (2) of claim 2 wherein at least one of the nec

portion and the c llar portion includes a circular groove-, the circular groove being

structured to position the breaker seal member for sealing the neck portion and the

collar portion.

4 . The circuit breaker panel (2) of clai .1 wherein the face plate includes a

number of captive fasteners (42) which removably engage the housing such that the

face plate is removably coupled to the housing

5. The circuit breaker panel (2) of c im 1 wherein the enclosure further

includes a rear cover (12) removably coupled to the housing and a rear seal .member

( 6) disposed between the rear cover and the housing in a manner such that the rear

cover and the housing are sealing!}' engaged.

. The circuit breaker panel (2) of c im 5 wherein the housing includes a

number of captive fasteners (34) which removably engage the rear cover such thai the

rear cover is removably coupled to the housing.

7. The circuit breaker panel (2) of claim 5 wherein each terminal of the

number of terminals comprises a post ( 8a) formed t or a conductive material which

passes through the rear cover, the post being coupled and sealed to the rear cover via

the interaction of a circular jam nut ( ) and a circular o-ring (21). the circular o-ring

being compressed between the circular jam nut and the real cover.

8. The circuit breaker panel (2) of claim 5 wherein each load connector of the

number of load connectors is coupled to. and sealed with, the- rear cover &er via

an o-ring or a gasket member (25),



9 . The circuit breaker panel (2) of claim 1 wherein the number of load p ns of

each load connector are electrically coupled to the electrical bus structure by a ribbon

cable (26).

. The circuit breaker panel (2) of 5 wherein at least one of the housing

and the rear cover includes a directional vent (50 structured to vent pressure from the

interior portion of the enclosure.
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