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MOLDED CASE CIRCUIT BREAKERS WITH RECESSED SWITCHES

Related Applications

[00 This application claims the benefit of and priority to U.S. Provisional

Application Serial Number 62/094,481, filed December 19, 2014, the contents of

which are hereby incorporated by reference as i recited in full herein.

Field of the Invention

10002] The present invention relates to circuit breakers.

Background of the Invention

[0003] Circuit breakers are one of a variety f overcurrent protection devices

used for circuit protection and isolation. The circuit breaker provides electrical

protection whenever an electric abnormality occurs. In a circuit breaker, current

enters the system from a power line and passes through a line conductor to a

stationary contact fixed on the line conductor, then to a movable contact. The

movable contact can be fixedly attached to an arm and the arm can be mounted to a

rotor. As long as the stationary and movable contacts are i physical contact, current

passes fro the stationary contact to the movable contact and out of the circuit

breaker to down line electrical devices.

[0004 In the event of a overcurrent condition (e.g., a short circuit)

extremely high electromagnetic forces can be generated. The electromagnetic forces

repel the movable contact away from the stationary contact. Because the movable

contact is fixedly attached to a rotating arm, the arm pivots and physically separates

the stationary and movable contacts thus tripping the circuit. Upon separation of the

contacts and blowing open the circuit, a arcing condition occurs. The breaker's trip

unit will trip the breaker which will cause the contacts to separate. Also, arcin

occurs during normal "ON/OFF" operations on the breaker. It i desirable to suppress

resultant arcs.

[0005] A typical method of suppressing the arc is to direct i into an arc chute,

which is generally a series of metal plates that dissipate the energy of the arc. This

arc chute is situated proximate to the stationary contact point of the circuit.



0 1 Conventionally, as shown in Figure 1, molded case circuit breakers

(MCCB's) 10 hold one or more switches 15 o a switch printed circuit board ("PCB")

20 so that the switches extend out of a housing or cover 22. The switch PCB 20

resides in front of (over) a accessor}' pocket 30 and typically includes an accessory

mounting surface 31 that can accommodate customer-selected electronics and/or

accessories.

Summary of Embodiments of the Invention

[0007] Embodiments of the invention provide recessed switch mounting on

the switch PCB to move the switch PCB closer to the cover and thereby provide

increased pocket size that can accommodate more or different accessories and/or

electronics relative to conventional pockets of MCCBs answering a customer demand

and/or long felt need for smaller mechanical footprints able to accommodate

increased function inside electronic trip units.

0008 Embodiments of the invention are directed to a molded case circuit

breaker (MCCB). The MCCB includes an MCCB body with at least one internal

pocket with four sidewalks and a switch printed circuit board (PCB) holding at least

one recessed switch. The switch PCB can reside over a top of the at least one internal

pocket. The switch PCB has a bottom primary surface and an opposing top primary

surface. The MCCB also includes a cover residing over the switch PCB attached to

the MCCB case body so that an outer end portion of the at least one switch held by

the switch PCB extends at least partially into and/or through the cover.

[0009] The cover can have a outer surface that is closely spaced apart from

the switch PCB bottom primary surface by a distance that is about 0.157 inches.

[0010] The cover can have a perimeter with first and second rectangular panel

segments connected by a laterally extending segment can have a height that is less

than a height of the first and second rectangular segments. The laterally extending

segment can reside under an open window space of the cover bounded by inner

perimeter segments of the first and second rectangular panel segments. The breaker

handle can extend outward through the window. The switch PCB can reside under

the first or second rectangular panel segment.

001 1] The cover can have at least one left side and/or right side corner

segment that extends inward a distance to define a left and/or right outer wall of a

cavity, adjacent an inner front surface of the cover. The switch PCB can reside



entirely in the cavity. A headspace can extend under the bottom primary surface of

the switch PCB in the cavity of the cover.

[0012] The at least one switch can have a plurality of outwardly extending

legs that are electrically attached to the bottom primary surface of the switch PCB.

[0013] The MCCB can include a planar accessory mounting surface in a lower

region of the at least one pocket. A distance to the accessory mounting surface

measured from the botto primary surface of the switch PCB can have a length D2

that is about 1.050 inches.

[0014] The MCCB can include an accessory held in a least one of the at least

one pocket with a lower surface of the accessory held against an accessory mounting

surface in the at least one pocket and an electrical insulator residing between the

accessory and the switch PCB.

[0015] The accessory can be one of a under voltage release, a shunt, an

auxiliary switch or a bell alarm accessory.

[0016] The switch PCB can include a first and second switch PCB. The a

least one pocket can include first and second pockets residing on opposing sides of a

breaker handle. The cover can extend across both the first and second pockets and

can have an intermediate window for the breaker handle. The cover can have switch

visual indicia about a plurality of switch apertures. The at least one switch can be a

plurality of switches held recessed on respective first and second switch PCBs, the

first switch PCB held over the first pocket and the second switch PCB held over the

second pocket, both residing under and adjacent to the cover. The switches can have

an outwardly extending length sufficient to extend through the switch apertures in the

cover to position outer ends of the switches outside the cover.

[0017] The MCCB can be between a 1 V - 600 V MCCB and can include a

respective 100 V- 600 V insulating member residing under the bottom of the switch

PCB above one of the at least one pocket.

[0018] Other embodiments are directed to a molded case circuit breaker

(MCCB) with an MCCB body and at least one switch printed circuit board (PCB)

holding between 1-4 recessed switches. The switch PCB has a bottom primary

surface and an opposing top primary surface. The MCCB also includes a cover

residing over the switch PCB and attached to the MCCB case body so that outer end

portions of the 1-4 recessed switches extend outward through the cover. The cover

can have an outer surface with switch apertures sized and configured to allow the



outer end portions of the recessed switches to extend therethrough. The cover can be

closely spaced apart from the switch PCB bottom primary surface by a distance D

that is about 0.157 inches.

[0019] The MCCB body can define first and second spaced apart internal

accessory pockets, each having a respective four molded sidewalls, one accessory

pocket on each side of a breaker handle. The at least one switch PCB can include first

and second switch PCBs. The first switch PCB can be above the first accessory

pocket and the second switch PCB can be above the second accessory pocket.

0020] The cover can have left and right corner segments that each step down

n an inward direction from a front of the cover to define a respective left side wall f

a left side internal cavity and a right side wall of a right side internal cavity, both

under a front inner surface of the cover, the right side cavity residing above the first

accessory pocket of the MCCB body and the left side cavity residing above the

second accessory pocket of the MCCB body. The bottom primary surfaces of

respective switch PCBs can reside a distance above a lower inwardly facing end f a

corresponding left and right side wall, and wherein the cover comprises respective

headspaccs in the right and left side cavities of about 0.04 inches measured fro the

bottom primary surface of a respective switch PCB to a plane drawn across a

corresponding lower inwardly facing end of the right and left side walls of the right

and left corner segments.

1 021 Each of the 1-4 switches can have a plurality of outwardly extending

legs that are electrically attached to the bottom primary surface of a respective switch

PCB.

[0022] The MCCB can include a planar accessory mounting surface in a lower

region of the first and second accessory pockets. A distance between the accessory

mounting surface and the bottom primary surface of the switch PCB has a length D2

that can be about .050 inches.

[0023] The MCCB can include a accessory held a least one of the first and

second accessory pockets against an accessory mounting surface and an electrical

insulator residing between the accessory and the switch PCB.

[0024] The accessory can be an under voltage release, a shunt an auxiliary

switch or a bell alarm accessory.



[0025] The cover can extend across both the first and second accessory

pockets and can have an intermediate window for the breaker handle. The cover can

have switch visual indicia about a plurality of switch apertures.

0 26] The MCCB can be a 600 V MCCB and can include first and second

600V insulating members residing under the bottom of a respective first and second

switch PCB above corresponding first and second pockets.

10027] The MCCB can be an MCCB in a range of 100V-1500 V MCCB and

can include first and second appropriately rated insulating members residing under the

bottom of a respective first and second switch PCB above corresponding first and

second pockets.

[0028] The cover can have a perimeter with first and second rectangular panel

segments connected by a laterally extending segment having a height that is less than

a height of the first and second rectangular segments. The laterally extending

segment can reside under an open window space of the cover bounded by inner

perimeter segments of the first and second rectangular panel segments and the breaker

handle extends outward through the window. The first switch PCB can reside under

the first rectangular panel segment and the second switch PCB can reside under the

second rectangular panel segment.

[0029] Still other embodiments are directed to a molded case circuit breaker

(MCCB). The MCCB can include a MCCB body with first and second rectangular

internal pockets, a breaker handle residing between the first and second internal

pockets, a first switch printed circuit board (PCB) and a second switch printed circuit

board. Each PCB holding at least one recessed switch, the first switch PCB residing

over the first internal pocket and the second switch PCB residing over the second

internal pocket. The switch PCBs have a bottom primary surface and an opposing top

primary surface. The MCCB can also include a cover residing over the first and

second switch PCBs attached to the MCCB case body so that an outer end portion of

the at least one switch held by respective switch PCBs extend at least partially into,

typically through the cover. The cover has a perimeter with first and second

rectangular panel segments connected by a laterally extending segment having a

height that is less than a height of the first and second rectangular segments. The

laterally extending segment resides under an open window space of the cover

bounded by inner perimeter segments of the first and second rectangular panel

segments and the breaker handle extends outward through the window. The first



switch PCB resides under the first rectangular panel segment and the second switch

PCB resides under the second rectangular panel segment.

[0030] Further features, advantages and details of the present invention will be

appreciated by those of ordinary skill in the art from a reading of the figures and the

detailed description of the preferred embodiments that follow, such description being

merely illustrative of the present invention.

[0031] It is noted that aspects of the invention described with respect to one

embodiment, may be incorporated in a different embodiment although not specifically

described relative thereto. That is, all embodiments and/or features of any

embodiment can be combined in any way and/or combination. Applicant reserves the

right to change any originally filed claim or file any new claim accordingly, including

the right to be able to amend any originally filed claim to depend from and/or

incorporate any feature of any other claim although not originally claimed in that

manner. These and other objects and/or aspects of the present invention are explained

in detail in the specification set forth below.

Brief Description of the Drawings

[0032] Figure 1 is a partial section view of a portion of a conventional

MCCB.

[0033] Figure 2 is a partial section view of a portion of an MCCB with

increased headspace and/or pocket size relative to the conventional MCCB shown in

Figure 1 according to embodiments of the present invention.

[0034] Figure 3A is a partial section view of a portion of a conventional

MCCB holding an accessory i the pocket shown i Figure 1.

[0035] Figure 3 is a partial section view f the same portion o the MCCB

shown in Figure 3A but illustrating additional space provided by recessed switches

on a switch PCB moved closer to the cover according to embodiments of the present

invention.

[0036] Figure 4 is a side perspective, partial exploded view of an MCCB

according to embodiments of the present invention.

[0037] Figure 5 is a front perspective, partial exploded view of the MCCB

shown in Figure 4 according to embodiments of the present invention.

[0038] Figure 6 is a greatly enlarged partial section view of a portion of a

MCCB according to embodiments of the present invention.



[0039] FigureTA is a side, bottom perspective vie of an exemplary switch

PCB illustrating a recessed switch relative to surface mounted switches for visual

comparison according to embodiments of the present invention.

[00401 Figure 7B is a bottom view of a portion of the PCB shown in Figure

7A according to embodiments of the present invention.

Detailed Description of Embodiments f the Invention

[0041] The present invention now wil be described more fully hereinafter

with reference to the accompanying drawings, in which illustrative embodiments of

the invention are shown. Like numbers refer to like elements and different

embodiments of like elements can be designated using a different number of

superscript indicator apostrophes (e.g., 40, 40', 40", 40"').

[0042] I the drawings the relative sizes of regions or features may be

exaggerated for clarity. This invention may, however, be embodied in many different

forms and should not be construed as limited to the embodiments set forth herein;

rather, these embodiments are provided so that this disclosure will be thorough and

complete and will fully conve the scope of the invention to those skilled i the art.

The term "Fig." (whether in all capital letters or not) is used interchangeably with the

word "Figure" as an abbreviation thereof in the specification and drawings.

[0043] It will be understood that, although the terms first, second, etc. may be

used herein to describe various elements, components regions, layers and/or sections

these elements components, regions, layers and/or sections should not be limited by

these terms. These terms are only used to distinguish one element component,

region, layer or section from another region, layer or section. Thus, a first clement

component region, layer or section discussed below could be termed a second

lement component region, layer or section without departing from the teachings of

the present invention.

[0044] Spatially relative terms, such as "beneath", "below", "lower", "above",

"upper" and the like may be used herein for ease of description to describe one

element or feature's relationship to another element(s) or feature(s) as illustrated i the

figures. I will be understood that the spatially relative terms are intended to

encompass different orientations of the device in use or operation in addition to the

orientation depicted in the figures. For example, if the device in the figures is turned

over, elements described as "below" or "beneath" other elements or features would



then be oriented "above" the other elements or features. Thus, the exemplary term

"below" can encompass both an orientation of above and below. The device may be

otherwise oriented (rotated 90° or at other orientations) and the spatially relative

descriptors used herein interpreted accordingly.

[0045] The term "about" refers to numbers in a range of +/-20% of the noted

value.

[0046] As used herein, the singular forms "a," "an" and "the" are intended to

include the plural forms as well unless expressly stated otherwise. It will be further

understood that the terms "includes." "comprises," "including" and/or "comprising."

when used in this specification, specify the presence of stated features, integers, steps,

operations elements and/or components but do not preclude the presence or addition

of one or more other features, integers steps, operations, elements, components,

and/or groups thereo It will be understood that when an element is referred to as

being "connected" or "coupled" to another element, it can be directly connected or

coupled to the other element or intervening elements may be present. As used herein,

the ter "and/or" includes an and all combinations of one or more of the associated

listed items.

[0047] Unless otherwise defined, all terms (including technical and scientific

terms) used herein have the same meaning as commonly understood by one o

ordinary skill in the art to which this invention belongs. I will be further understood

that terms, such as those defined in commonly used dictionaries, should be interpreted

as having a meaning that is consistent with their meaning in the context of this

specification and the relevant art and will not be interpreted in an idealized or overly

formal sense unless expressly so defined herein.

[0048] Turning now to the figures, Figure 2 illustrates an MCCB 10 with the

switches 5 held by the switch PCB 20 in a recessed switch mounting configuration to

increase the size of the pocket 30. The term "recessed switch" refers to a mounting

configuration such that the body of the switch 15 is mounted to be recessed a distance

into a thickness of the PCB rather than being flush mounted (e.g., a bottom of the

switch residing on and attached to the outer surface of the PCB) on a top or bottom

surface thereof. The MCCB 0 typically includes a pocket 30 on each side of the

breaker handle 26 as shown in Figure 4, for example. The pocket 30 can be

rectangular with four upwardly extending sidewalls 30s that are typically defined by a

molded case body 10m. The pocket 30 includes an accessory mounting surface



that can be planar and typically resides a distance above a floor 30f of the pocket

(Figure 3B). The cover 22 resides over the pocket 30 in a operational state. The

switches 15 can allow a user to select various operational settings as is well known to

those of skill in the art. The switches 15 can extend a distance beyond the outer

surface f the cover as shown. In other embodiments, the switches 5 can be

substantially flush with the outer surface f the cover 22. Combinations of protruding

and flush switches may also be used.

[004 The distance D2 between the underside of the PCB 20u and the

accessory mounting surface 3 can be increased by decreasing the distance

between the inner surface of the secondary cover 22i and the front surface of the

switch PCB 20f. The switch PCB 20 resides closer to the secondary cover 22 and

increases the pocket size 30 while the switches 15 themselves can have the same

dimensions and remain in the same position relative to the cover 22 and have the

same external height/length dimension D3.

[0050] The increase in pocket size 30 can be created using the same external

mechanical footprint of the MCCB 10. Surprisingly, even the relatively small/modest

increase in pocket size can provide beneficial results and allow flexibility and

additional choices of accessories. The pocket 30 can accommodate more or different

accessories and/or electronics relative to conventional pockets of MCCBs answering a

customer demand and/or long felt need for smaller mechanical footprints able to

accommodate increased function inside electronic trip units.

051 Figures A and 3B illustrate a exemplary accessory 50. such as an

under voltage release ("UVR"), positioned in the pocket 30 against the accessory

mounting surface 31. When the recessed switch mounting configuration is used as

shown in Figure 3A, additional headspace with a length D4 can be created above the

accessory 50, between the accessory 50 and the underside of the PCB 20u. This

allows for an additional component 40 to be placed between the upper surface of the

accessory 5 u (Figure 4 ) and the bottom of the switch PCB 20u. The additional

component 40, shown by way of example, is at least one layer or blanket of electrical

insulation which can be 600 V rated (for a 600 V circuit breaker) or other suitable

voltage rating as discussed below, including but not limited to, in a range of about 00

V- 1500 V.

[0052] Figures 4 and 5 are partial exploded views of the recessed switches 5

on the switch PCB 20 also illustrating the side-by-side pockets 30, one on each side of



the breaker handle 26, according to some embodiments. The cover 22 can include

apertures 22a for the switches 15 and visual indicia 22i about the aperture indicating

switch settings. The cover 22 can have a medial window 122w that extends about the

handle 26.

0053] As shown n Figures 4 and 5, for example, the cover 22 ca have a

perimeter with first and second rectangular panel segments 122i, 1222 connected by a

laterally extending segment 125 having a height that is less than a height of the first

and second rectangular segments 122 , 1222. The laterally extending segment 125 can

reside under an open window space 122w of the cover 22 bounded by inner perimeter

segments 123 of the first and second rectangular panel segments 122i, 1222. The

breaker handle 26 can extend outward through the window 122w. The first switch

PCB 20 can resides under the first rectangular panel segment 22 and the second

switch PCB 20 can reside under the second rectangular panel segment 1222 (where

two switch PCBs are used). The height of the laterally extending segment can be

between about 10-40% that of a height of the rectangular segments, more typically in

between about 10%> to about 30%, inclusive thereof, including about 10%, about 15%,

about 20%, about 25% and about 30%. Although not shown, an upper laterally

extending segment can be used instead of the lower segment 125 or with the lower

laterally extending segment 125, leaving an access window for the breaker handle 26.

[0054] Figure 6 is a greatly enlarged section view of a portion o the MCCB

10 with the pocket 30 holding the accessory 50 and wit at least one conductor 60

(e.g., lead, cable or wire or groups of leads, cables or wires) positioned between the

accessory 50 and the switch PCB 20 according to some embodiments. The at least

one conductor 60 can be connected to the accessory 50 and can be routed above and

over the accessory down adjacent another sidewall of the pocket 30s to provide

electrical connection between the accessory 50 and a power source. The headspace

under the PCB 20 ca accommodate the at least one conductor (e.g.. wire) 60 routed

between accessory 50 and component 40, e.g., insulation piece. The headspace can

hold wires from the accessory 50 occupying that pocket or can include at least one

conductor 60 (e.g., a wire or wires) for other purposes, like electronic communication

wires that come from other areas or zones of the breaker and run through this

headspace to exit the breaker 1 or reach other components.

[0055] The switch PCB 2 can electrically connect to a main circuit board and

power source.



0056] Referring to Figures and 6, the cover 22 ca include at least one

corner or step segment 22c (shown as left corner segment) that extends (down)

inwardly to define a wall 22w of a cavity 23 residing adjacent an outer perimeter edge

20e of the switch PCB 20 over the pocket 30. The cover a the corner segment 22c

can enclose part of the additional headspace D4 and/or supplemental component 40.

[0057] Figures 4 and 5 illustrate that the cover 22 can have left and right

corner segments 22c, that each respectively step down in a inward direction from a

front of the cover 22f to define a respective outer wall 22w of a corresponding first

and second internal cavity 23 under a front inner surface of the cover 221. The first

cavity 23 can reside above the first (right side ) accessory pocket 30 of the MCCB

body 10m and the second cavity 23 can reside above the second (left side) accessory

pocket 30 of the MCCB body 10m. The bottom primary surfaces 20b of the switch

PCBs 20 can reside distance above an adjacent lowest inwardly facing end 22/ of

the wall 22w of the cavity 23.

058] In some embodiments, the cover 2 with the recessed switches 15 on

the switch PCB 20 can provide respective hcadspaces of about 0.04 inches measured

fro the bottom primary surface of a respective switch PCB 20 to a plane drawn

across a corresponding lower inwardly facing end 22/ of the right or left wall of the

respective corner segments. The cavities 23 can have another opposing inwardly

extending wall 23w (Figure 6 ) under the cover defined by a molded surface of the

MCCB body 10m. The term "headspace" refers to a space created by the recessed

switch mounting o the switch PCB board 20 under the switch PCB.

[0059] As shown by the middle switch in the switch PCB 20 in Figures 7A

and 7B, the switches 15 can be held recessed in apertures 20a formed through the

thickness of the switch PCB 20. The switch PCB 20 has upper and lower parallel

primary surfaces, one forming the top 20t and the other the bottom surface 20u. The

aperture or apertures 20a can be any shape to accommodate the switch body for

suitable recessed mounting. The PCB 20 may include slots or channels that allow the

recessed mounting rather than circular or rectangular shaped apert ures for example.

The one or more switch 15 can have a plurality f electrical contact legs 16 that can

e connected 16c (typically brazed or soldered ) to a bottom side of the PCB 20u

which can incorporate the electrical paths to the desired electrical connection. The

switches 5 on the switch PCB 20 can connect to the main circuit board or other

control in the MCCB 10.



0060] The switch PCB 20 can be configured to hold one or a plurality of

switches 15 in a recessed configuration, typically between 1-4 switches.

10061] Examples of accessories or electrical components 50 that can be placed

in the pocket 30 include different modular shaped assemblies such as the UVR noted

above and shunt, auxiliary switches and bell alarm accessories. Examples of

additional components that may be placed in the extra headspace 4 above an

accessory 50 include different types of wires (accessories and communications) and

possibly additional information.

[0062] In some exemplary embodiments, the distance D (Figure 2, A) can

be about 0.157 inches. In some embodiments, the increase in pocket size can be about

0.04 inches when using recessed versus surface mounted switches 15.

[0063] In some embodiments, the circuit breakers 10 can be suitable as C

(alternating current) circuit breakers or both A and direct current (DC) MCCBs.

MCCBs are well known. See, e.g., U.S. Patent Nos. 4,503,408, 4.736.174. 4,786,885.

and 5,1 17,21 1, the contents of which are hereby incorporated by reference as if

recited in full herein.

[0064] In some particular embodiments, the circuit breaker 0 can be a b i

directional DC MCCB. See, e.g., US Patent No. 8,222,983, the content of which is

hereby incorporated by reference as if recited in full herein.

[0065] The MCCBs can be suitable for many uses such as data center,

photovoltaic, and electric vehicles applications. The circuit breakers 10 can be rated

for voltages between about 1 V to about 5000 volts (V), more typically between about

100 V and about 1500 V, inclusive thereof, including about 100 V, about 200 V,

about 300 V, about 400 V, about 500 V, about 600 V, about 700 V, about 800 V,

about 900 V, about 1000 V, about 1100 V, about 1200 V, about 1300 V, about 1400

V, and about 1500 V. The circuit breakers 10 may have current ratings from about 15

to about 2,500 Amperes (Amp). However, it is contemplated that the circuit breakers

10 and components thereof can be used for any voltage, current ranges and are not

limited to any particular application as the circuit breakers can be used for a broad

range of different uses.

[0066] As is known to those of skill in the art, Eaton Corp. has introduced a

line of MCCBs designed for commercial and utility scale photovoltaic (PV) systems.

Used in solar combiner and inverter applications, Eaton PVGard™ circuit breakers

are rated up to 600 Amp at 1000 Vdc and can meet or exceed industry standards such



as UL 489B, which requires rigorous testing to verify circuit protection that meets the

specific requirements of PV systems. However, it is contemplated that the circuit

breakers 10 can b used for various applications with corresponding voltage

capacity/rating.

[0067] The foregoing is illustrative f the present invention and is not to be

construed as limiting thereof. Although a few exemplary embodiments of this

invention have been described, those skilled in the art will readily appreciate that

many modifications are possible in the exemplary embodiments without materially

departing from the novel teachings and advantages of this invention. Accordingly, all

such modifications are intended to be included within the scope of this invention.

Therefore, it is to be understood that the foregoing is illustrative of the present

invention and is not to be construed as limited to the specific embodiments disclosed,

and that modifications to the disclosed embodiments, as well as other embodiments,

are intended to be included within the scope of the invention.



Thai Which Is Claimed Is:

1. A molded case circuit breaker (MCCB), comprising:

an MCCB body with a least one internal pocket with four sidewalls;

a switch printed circuit board (PCB) holding at least one recessed switch, the

switch PCB residing over a top of the at least one internal pocket, wherein the switch

PCB has a bottom primary surface and an opposing top primary surface; and

a cover residing over the switch PCB attached to the MCCB case body so that

an outer end portion of the at least one switch held by the switch PCB extends to be

flush with or extends through the cover.

2 . The MCCB of Claim 1, wherein the cover has a outer surface that is

closely spaced apart from the switch PCB bottom primary surface by a distance D

that is about 0.157 inches.

3. The MCC B of Claim 1, wherein the cover has a perimeter with first and

second rectangular panel segments connected by a laterally extending segment having

a height that is less than a height of the first and second rectangular segments, wherein

the laterally extending segment resides under an open window space of the cover

bounded by inner perimeter segments of the first and second rectangular panel

segments and the breaker handle extends outward through the window, and wherein

the switch PCB resides under the first or second rectangular panel segment.

4. The MCCB of Claim 1, wherein the at least one switch has a plurality of

outwardly extending legs that are electrically attached to the bottom primary surface

of the switch PCB.

5. The MCCB of Claim 3, further comprising a planar accessory mounting

surface in a lower region of the at least one pocket, wherein the cover has at least one

left side and/or right side corner segment that extends inward a distance to define a

left and/or right outer wall of a cavity, adjacent an inner front surface of the cover,

wherein the switch PCB resides entirely in the cavity, wherein a headspace extends

under the bottom primary surface of the switch PCB in the cavity of the cover, and



wherein a distance to the accessory mounting surface measured from the bottom

primary surface of the switch PCB has a length D2 that is about 1.050 inches.

6. The MCCB of Claim 1, further comprising an accessory held in at least one

of the at least one pocket with a lower surface of the accessory held against an

accessory mounting surface in the at least one pocket and an electrical insulator

residing between the accessory and the switch PCB.

7. The MCCB of Claim 6, wherein the accessory is one of an under voltage

release, a shunt, an auxiliary switch or a bell alarm accessory.

8. The MCCB of Claim 1, wherein the switch PCB is a first and second switch

PCB, wherein the at least one pocket comprises first and second pockets residing on

opposing sides of a breaker handle, wherein the cover extends across both the first

and second pockets and has an intermediate window for the breaker handle, wherein

the cover has switch visual indicia about a plurality of switch apertures, and wherein

the at least one switch is a plurality of switches held recessed on respective first and

second switch PCBs, the first switch PCB held over the first pocket and the second

switch PCB held over the second pocket, both residing under and adjacent to the

cover, the switches having an outwardly extending length sufficient to extend at least

partially into or through the switch apertures in the cover to position outer ends of the

switches flush with or outside the cover.

9. The MCCB of Claim 1, wherein the MCCB is in a range of between a 100V

- 600 V MCCB and comprises a respective 100 V- 600 V insulating member residing

under the bottom of the switch PCB above one of the at least one pocket.

10. A molded case circuit breaker (MCCB), comprising:

an MCCB body;

at least one switch printed circuit board (PCB) holding between 1-4 recessed

switches, wherein the switch PCB has a bottom primary surface and an opposing top

primary surface; and

a cover residing over the switch PCB and attached to the MCCB case body so

that outer end portions of the 1-4 recessed switches extend outward through the cover,



wherein the cover has an outer surface with switch apertures sized and

configured to allow the outer end portions of the recessed switches to extend at least

partially into or totally therethrough that is closely spaced apart from the switch PCB

bottom primary surface b a distance D i that is about 0.157 inches.

11. The MCCB of Claim 10. wherein the MCCB body defines first and second

spaced apart internal accessory pockets, each having a respective four molded

sidewalls, one accessory pocket on each side of a breaker handle, and wherein the at

least one switch PCB includes first and second switch PCBs, the first switch PCB

above the first accessory pocket and the second switch PCB above the second

accessory pocket.

12. The MCCB of Claim 11, wherein the cover has left and right corner

segments that each step down in an inward direction from a front of the cover to

define a respective left side wall of a left side internal cavity and a right side wall of a

right side internal cavity, both under a front inner surface of the cover, the right side

cavity residing above the first accessory pocket of the MCCB body and the left side

cavity residing above the second accessory pocket of the MCCB body, and wherein

the bottom primary surfaces of respective switch PCBs reside a distance above a

lower inwardly facing end of a corresponding left and right side wall, and wherein the

cover comprises respective headspaces in the right and left side cavities of about 0.04

inches measured from the bottom primary surface of a respective switch PCB to a

plane drawn across a corresponding lower inwardly facing end of the right and left

side walls of the right and left corner segments.

. The MCCB of Claim 12. wherein each of the 1-4 switches have a plurality

of outwardly extending legs that are electrically attached to the bottom primary

surface of a respective switch PCB.

14. The MCCB of Claim 11, further comprising a planar accessory mounting

surface in a lower region of the first and second accessory pockets, wherein a distance

between the accessory mounting surface and the bottom primary surface of the switch

PCB has a length D that is about 1.050 inches.



15. The MCCB of Claim 1 , further comprising an accessory held a least one

of the first and second accessory pockets against an accessory mounting surface and

an electrical insulator residing between the accessory and the switch PCB.

16. The MCCB of Claim 15, wherein the accessory is an under voltage

release, a shunt, an auxiliary switch or a bell alarm accessory.

17. The MCC B of Claim 11, wherein the cover extends across both the first

and second accessory pockets and has an intermediate window for the breaker handle,

wherein the cover has switch visual indicia about a plurality of switch apertures.

18. The MCCB of Claim , wherein the MCCB is an MCCB in a range of

100 V-1500 V MCCB and comprises first and second appropriately rated insulating

members residing under the bottom of a respective first and second switch PCB above

corresponding first and second pockets.

. The MCCB of Claim 17, wherein the cover has a perimeter with first and

second rectangular panel segments connected by a laterally extending segment having

a height that is less than a height of the first and second rectangular segments, wherein

the laterally extending segment resides under an open window space of the cover

bounded by inner perimeter segments of the first and second rectangular panel

segments and the breaker handle extends outward through the window, and wherein

the first switch PCB resides under the first rectangular panel segment and the second

switch PCB resides under the second rectangular panel segment.

20. A molded case circuit breaker (MCCB), comprising:

an MCCB body with first and second rectangular internal pockets;

a breaker handle residing between the first and second internal pockets;

a first switch printed circuit board (PCB) and a second switch printed circuit

board, each holding at least one recessed switch, the first switch PCB residing over

the first internal pocket and the second switch PCB residing over the second internal

pocket, wherein the switch PCBs have a bottom primary surface and an opposing top

primary surface; and



a cover residing over the first and second switch PCBs attached to the MCCB

case body so that an outer end portion of the at least one switch held by respective

switch PCBs extend into and/or through the cover,

wherein the cover has a perimeter with first and second rectangular panel

segments connected by a laterally extending segment having a height that is less than

a height of the first and second rectangular segments, wherein the cover includes an

open window space bounded by inner perimeter segments of the first and second

rectangular panel segments and the breaker handle extends outward through the

window, and wherein the first switch PCB resides under the first rectangular panel

segment and the second switch PCB resides under the second rectangular panel

segment.
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