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(57) Abrege/Abstract:

A circuit breaker assembly (2;36;70) includes a housing (4), an electrical bus structure (6) within the housing, a number of first plug-
IN members (8) coupled to the bus structure, and a number of insulative retainers (10) coupled to the bus structure. A
corresponding one of the number of insulative retainers Is operatively associated with a corresponding number of the number of

first plug-in members.

—ach of a number of circuit breakers (12) includes a manual operator (14) and a number of second plug-in

members (16) disposed opposite the manual operator. The number of second plug-in members electrically engage a number of
the number of first plug-in members. The corresponding one of the number of insulative retainers I1s disposed about the
corresponding number of the number of first plug-in members, In order to insulate the corresponding number of the number of first
plug-in members, and to retain the number of second plug-in members.
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(57) Abstract: A circuit breaker assembly (2;36;70) includes a housing (4), an electrical bus structure (6) within the housing, a num-
ber of first plug-in members (8) coupled to the bus structure, and a number of insulative retainers (10) coupled to the bus structure.
A corresponding one of the number of insulative retainers 1s operatively associated with a corresponding number of the number of
first plug-in members. Each of a number of circuit breakers (12) includes a manual operator (14) and a number of second plug-in
members (16) disposed opposite the manual operator. The number of second plug-in members electrically engage a number of the
number of first plug-in members. The corresponding one of the number of insulative retainers 1s disposed about the corresponding
number of the number of first plug-in members, in order to msulate the corresponding number of the number of first plug-in mem -

bers,

and to retain the number of second plug-in members.



PLUG-IN CIRCUIT BREAKER ASSEMBLY
INCLUDING INSULATIVE RETAINERS

BACKGROUND

5 Field

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.

Background Information

10 Circuit breakers are used, for example, in aircraft electrical systems
where they not only provide overcurrent protection but also serve as switches for
turning equipment on and off. Aircraft or subminiature 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

15  accessible to a user. Aircraft electrical systems can consist, for example, of hundreds
of circuit breakers, each of which is used for a circuit protection function as well as a
circuit disconnection function through a push-pull handle.

The circuit breaker push-pull handle is moved from in-to-out 1n order
to open the corresponding load circuit. This action may be either manual or, else,

20  automatic in the event of an overload or fault condition. If the push-pull handle 1s
moved from out-to-in, then the load circuit is re-energized. If the load circuit had
been automatically de-energized, then the out-to-in operation of the push-pull handle
corresponds to a circuit breaker reset action.

Such circuit breakers typically include a threaded bezel. A suitable

25  fastener, such as a 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.

30
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LIS, Patent No. 3.094 436 discloses a cirenit breaker assemybly, such as
i plug-in circutt breaker paned, including a housing, an electrical bus structure coupled
to the housing, and a number of first plug-in members coupled to the elecirical bus
structure. A number of cir¢ust breakers mclude g st surface and a second plug-mn
mernber disposed opposie the first swrface. The second plug-n member of each of
the number of circuit breakers is mated with ¢ corresponding one of the number of
first plug-in members. A plate member is removably coupled to the housing. The
plate member inchudes a frst surface and an opposite second surface. The first
surface of the number of circuit breakers engages the opposite second suriace of the
plate member in order {0 maintam manng of each of the number of aircuit bregkers
with the corresponding one of the number of st phug-in members.

i the plug-mn civendt breaker p&ﬁ{:l 15 desired 1o be mounted moan
overhead conliguration with the push-pull th;emti?ng handle of the cirowt breakers
being disposad penerally downward, then a retention problem of the plug-m clroun
breakers may result 1f the plate member, such as a face plate or cover mamber, 15
removed, for example, for mamtenance or problem diagnosis or correction.

There is room for improvement i cirewd breaker assemblies.

SUMMARY

These needs and others are met by embodiments of the disclosed
concept i which a number of insulative retainers 1s disposed about 1 covvesponding
number of a number of {irst plug-in members, in order to insulate the corresponding
pantber of the mumber of hirst plug-1n members, and 1o retaim a numbear of second
plug-in members of g number of cirgiat breakers that elecincally enpage the
corresponding number of the number of first plug-m members.

In accordance with one aspect of the disclosed concept, a ciraust
breaker assembiy compiises: a housmg; an electrical bus stracture within the housing:
a number of first plug-1n members coupled 10 the elecirical bus structure; 8 number of
msaiative retiners coupled {o the electrical bus structure, a corresponding one of the
nwuber of msulabive retainers being operatively associated with a corresponding
supmber of the number of first plue-in members: and a nantber of Circutt breakers,
gachi of the number of circust bregkers comprising a manual operator and a munber of

second plag-m members disposed opposite the manual operator, the pumber of second
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plug-m members alectvically enzaging a nomber of the mumber of first plug-n
members, wherein the corresponding one of the manber of insulative retainers is
disposed about the corresponding number of the mumber of first plug-in mentbers, m
order 1o wmsulate the corresponding number of the munber of first plug-1n members,
and {0 retain the number of second plug~-in members electrically enpaging the
corresponding manber of the number of first plug~-in membaeys.

“The corresponding one of the number of insulative vefainers may be
structured 10 protect the corresponding number of the number of frst plug-in
nmembers when not electrically engaping the number of second plug-in members.

Each of the mumber of first plug-in members may be a number of malke
ternunals; the number of second plug-in members may be a namber of female
sackets; each of the number of insulative refainers may comyprise, for one of the
mumber of male terminals and one of the number of fermale sockets, an msulator
a first aperture therew, the elongated portion having a second aperhure theremn and a
condut extending therethroagh from the first aperture to the second aperture;, and the
one of the number of male terminals may extend through the first aperfure and only
partially through the conduit,

The conduit mayv have a generally eviindrical shape and compnise a
plorality of internal nidees:; and the one of the mumber of female sockets may have a
cylmdrical shape within the generally eyhndrical shape of the condult and be envaged
by the mternal ndges theram.
number of circuit breakers with the manual operator generally facme downward.

As another aspect of the disclosed concept, a circunt breaker assembly
comprises: a housing: an clectncal bus structure withan the housing; a number of {irst
plag-in members coupled to the electrical bus straciure; g number of insulative
retamers coupled to the elecincal bys stracture, g corresponding one of the number of
insuiative refamers bemng operatively associated with a comresponding namber of the
munber of first plug-in members; g number of curcu! breakers, each of the number of
circuit breakers comprising & manual operator disposed from & fivst surface and g

mumber of second plug-mn membess disposed from a second surface opposite the frst
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surface, the mumber of second plug-in wembers glectrically eRgAEING | number of the
number of {irst plug-in members; and & cover member removably coupled w the
housing, the cover member comprising a third surface and a number of apertures
disposed through the third surface; wheremn the correspondiig one of the number of

S insulative retamers s disposed abowt the corresponding number of the number of hirst

plug-in members, in order t insulate the corresponding number of the number of first
plug-in members, and to retain the number of second piu g-in members elecirically
engaging the corresponding number of the number of [irst phug-in members, wherein
the first suriace of the nuniber of circuit breakers engages the thard surface of the

16 cover member, and wherein the manuaal opergtor passes through a corresponding one
of the munber of apertures.

The number of insulative retainers may be structured o retain the
aumber of cirendt breakers with the manual operator generally facimg downward when
the cover member is removed from the housing,

BRIEE PESCRIPTION OF THE DRAWINGS

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

o
L)

following description of the prefarred embodiments when read in comgunction with the
accompanying drawings in which:
Figure 118 a cross-sectional view of a cireait breaker assembly in
23 accordance with embodiments of the disclosed concept.
Froure 2 13 a plan view of one of the msulative retamers of Fipure 1.
Frogure 3 i3 an end vertical elevation view of the msulabive retamner of
Fiewre 2 with intemal structures shown in lndden line drawing.
Figwre 4 15 an isometnie view of the msudative retamer of Figure 2 with
25 internal strectures shown m hidden line drawing
Figure 315 an exploded vertical elevation view of a cirant breaker
assembly in accordance with another embodiment of the disclosed conceptl
Figare 6 13 an exploded sometric view of the circuit breaker assembly of
Figure 5,
30 Frgure 7 15 a cross-sectional view of a aarcunt breaker assembly in

accordance with another embodiment of the disclosed concept,
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Figurs 8 is a plan view of a circuit breaker assembly in accordance with
another embodiment of the disclosed concept.

As emaployed herein, the term “mumber” shall mean one or an meger
creater than one (Le., & pluralsty).

As emploved herein, the statement that two or more parts gre
“eonnected” or “coupled” together shall mean that the parts are joined together either
divectly or joined through ong or move intermediate parts. Further, as emploved
herein, the stalenient that two or more parts are “attached”™ shall mean that the parts
are yoined topether directly.

As emploved heretn, the term “fastener”™ refers 10 any sulable
connecling or -t?i,g;hteﬁjfng mechanism expressly including, bud pot imited 1o, serews,
bolis, nuts (e.p., without limitation, lock puis) and combinations thereof

The disclosed concept s described in association with subsminiature or
aweraft circud breakers, although the disclosed concept 15 applicable to a wide range
of different circust breakers lor a wide range of difterent applicatons. Sach cyrcunt
breakers can be smploved, for example and without limitation, in airerafl alternating
current {AC) systems baving a typieal frequency of about 400 He, but can also be
used iy divect current (DC) svatens. It will also become evident that the disclosed
concept 1s apphicable to other types of aircut bresker panels mcluding those used in
AC systems operating at other frequencies; {0 larger civenlt breakers, such as
mimature restdential or commercial carcwt breakers; and (o a wide range of cirout
breaker applications, such as, for example, residenual, commercial, industrial,
gerospace, and awtomaotive. As funther non-himiting examples, both AC (& 2., withos
fniiation, 120, 220, 480-600 VAQ) operation at a wide range of frequencies (e.g.,
withoot inutation, 530G, 60, 120, 400 Hz, and higher or lower requencies) and DC
operation {e.g., without himsttation, 42 VD) are possible,

Referrmng to Figure 1, a cuwounl breaker gssembly, such as the example
cucut breaker paned 2 woshown, The cireast bresker panel 2 mclodes a housing 4
{partiaily shown m Figure 1), an elecirical bus stractare, such as the exampie mults-
layer {e.p., without hmitation, four conductive lavers) backplang 6 within the housing

4, and a number of first plug-1n memibers, such as the example pis & {(s1x example
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pins ¥ are shown, although any seitable number may be emploved) coupled to the

o

backplane 6. The circuit breaker panel 2 farther includes a mumber of insulative

retainers 10 (three example retamers 10 are shown for the six example pins 8,
although any suitable number may be emploved) are coupled to the backplane 6. A

S corresponding one of the mumber ofninsulative retainers 10, such as 104, s
operatively associated with g comesponding number of the number of ping B, such as
SA and 88}, The circuit breaker panel 2 also includes a mumber of circuit breakers 12
{one example civcuit breaker 12 is shown, although any suitable number may be
emploved).

16 Each of the munber of circpit breakers 12 mchudes a manual operator
14 and a number of second plug-m members, such as the example sockets 16 {ino
axarmple sockets 16A and 168 are shown, although any suitable number may be
emploved) disposed opposite the manual operator 14, The number of second sockets
16 electrically enzage a number of the number of pins 8, as shown with pins 8A and

13 &B. The corresponding one 10A of the mumber of msulative retamers 14U 1s disposed
about the comresponding number of the manber of mng 8A and 8B, i order to msulate
the corresponding number of the number of pins 8A and 38, and to retamn the number
of sockeis 16A and 168 elecinically engaging the corresponding nunther of the
mamber of pins BA and 8B, respectively.

pit The example plag~in circutt breaker 12 includes the two example
embedded plug-in sockets 16A and 168, which are received by respective portions
FOAA and 10AD of the wsulative retainers 10A. The pins 8A and 8B electrically

eneape the sockets 16A and 168 within the portions [0AA and 10AB, respectively,

This serves to retamn the sockets 16A and 168 and, thus, the plug-in cironit breaker 12
25 for overhead applications and prevents the circuit breaker 12 from falling owt (eg., 1f
a cover of faceplate {not shown, but see cover or taceplate 4% of Figure 7} 15
vemoved). The insulative retamaers 10 also provide electrical msulanon between
conduciors (e.g., the pins RA, 8B, 8C, 8D, BE and 8F} for savere applications {e.g., by
providing a motsture barrier), protects the pins {e.g., the pims 8C, 8D, 8E and 8F) i
3 unused posiions, and protects the user from electrical conduciors {e.¢., the pmns 8,

R0, SE and SFY m unused positions,
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Figures 2-4 show one 10A of the lnsulative refainers 10 of Figure |
including the two example portions 104A and 10AB. T
insulfative retainer for the two example pins 84,8B for the example one-pole circut
breaker 12 that bas g hne termunal 18 and & load terminal 20,

Example 1

As shown with the insulative retainers 108, 10C of Figure 1, the

insulative refainers 10 are structured to protect the corresponding pins 8C, 8D, 8E and

8F when they are not electricallyv engaging the sockets, sach as 16A and 168, of a

recessed within the portions [GBA, 10BB, 10CA | 100B, respectively.

Fxamnle 2

Each of the nomber of Drst phug~-tn members is a plurah v of male
fermingls RA-RB.8C-8D RE-8F. The number of second plug-in members is g phurality
of female sockets 16A-168. Each of the number of insulative retainers 10A,108,10C
i3 operatively assovtated with a plurality of the pluraliy of male termmals, such ag the
pins 8A and 8B, and a plurality of the plurality of fernale sockets, such as the sockets
16A-168, as shown with the eircult breaker 12 of Figure 1.

Exampde 3

As best shown with the insulative retatner 10A of Figures 2-4, the

of the two female sockets 16, an isulator, as shown by the portion 1GAA o 10AB,

fnd

having a base 22 and an cloneated portion 24 extending from the base 22, The base
P S : > .
22 has a Orst aperiure 26 therein, The elongated portion 24 has a second aperture 28

theremn and a conduit 38 (shown 1o hidden hine drawmg i Floure 3) extending

therethrough frony the first aperture 26 to the second apertore 28, A pin, such as 8A
or 8B, extends through the first aperture 26, mto and partially through the condut 30,
A femnale socket, such as 16A or 168, extends through the second aperture 28 and
partiatly through the conduayt 30, The pin, such as 3A or 3B, electrically engages the
fermale socked, such as 16A or 16B, within the condint 30,

Example 4

As best shown in Frapures 1 and 3, the conduit 38 has a generally

cylimdrical shape and inclades a pluralsty of internal ridges 32, The female socket,
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such as 164 or 168, has a oviindrical shape within the generally cvhi ndvical shape of

the conduit 30 and is engaged by the internal ridges 32 thevein, The witernal ridges 32
within the insulative retainer portions 10AA 10AB are for retention and aiv-relief], as
there 15 the need tor a space for the air o go when mserting the cirvun braaker sockels

SR § %

“The msulative refainers 10 are "p-ref;“ﬁfmiﬁy made from hquid silicong
rubber (LSR). LSR is a high purity platimum-cure silicone. [tis typically supplied in
pwi parts with one of the parts contaming a platimaum catalvst. These two parts are

16 nuxed along with any desired colors andior inpredients, and are extraded into the
disclosed msulative retaimer 10, Alternatively, the insulative retamers 1 can be made

from a thermoplastic elastomer (TPE} or a transler {thermoset) rubber molding.

The insulative retainers 10, as shown with 10A, are structured o retain
13 ihe cwowmd breakers 12, as shown with 12A, with the manual operator 14 generally

facing downward (e.g., upward with respect to Figure 1),

o

Wiyt
:

Examnle

-
'
0

As shown in Figure 1. each of the insulative retainers 1 meludes the

base 22 and Is coupled to the mudddaver backplane 6 by a keeper layer 34 engaging

240 the bases 22, The keeper laver 34 is suntlably coupled to the backplane 6. The keeper
laver 34 15 made of a thermallv conductive thermoplastic or other suutable type of
tnermoplasiic. The keeper layer 34 can be secured 1o the backplane 6 using a suitable
gdhesive {g.p. without hmitation, 3 Bond-Phyi 660 adhesive faver marketed by The
Beregquist Company of Chanhassen, Minnesota, or by a suitable fastener {e.g.. without

25 limmtation, mechanical hardware: rivet) (not shown)),

Figure 1 shows one msulative retamer 10A having two insalative

portions 10AA,TQAB for one single-pole circut breaker 12 having two sockeis
F6eAT6B. I a three~pole circind breaker {(nol shown) 1s emploved, then three of the

) exampie insulabive retaners H) are employed.
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Figures § and 6 show another circunt breaker assembly, such as the
example circuit breaker panel 36, The circuit breaker panel 36 can be the same as or
samdar 10 the circunt breaker panel 2 of Figure 1 except that the example kegper laver
34 is not emploved. Instead, the msulative retmners 10 are coupled (o an electnedd
bus structure, such as the exanple malti-laver backplane 38, by a suifable adhesive to
bond the retainers 1 thevetn,

Example 10

Although Figures 1, 5 and 6 show circott breaker panels 2,36 where the
insuiative retainers 10 have two msulative portions, such as 10AA 10AB, for one
sigie-pole cuced breaker 12, the disclosed concept s applicable to other msulative
refainers in which one of the rows 40 or cotumns 42 of Figwre § 13 formed by a single
insulative retginer (not shown) having relative ty many msulative porhons for nudtiple
circuit breakars (not shown): the entire backplane 38 emplovs a single insulative
retamer (ot shown} having relatively very many sulative portions for all of ihe
cireuit breakers (not shown): a single msulative retamer {not shown ) employs various
insuiative portions for all poles of § mulii-pole circuit bregker {not shown), or a simgele
insyiative retainer (not shoven employs various msalative portions for asltiple cacwt
breakers {(not shown).

Example 1

Figure 7 shows another circuil breaker assem bly, such as the example
circutt breaksr panel 44, The circud breaker panal 44 can be the same as oy siular o
thie circuit breaker panel 2 of Figurg 1 except that the example keeper faver 34 15 not
smnploved, and can be the same as or sumilar {o the circuit breaker panel 36 of Figures
S and 6 except that a housing 46 inclading a cover member, such as the example
cover or faceplate 48, 15 shown. The circwnt breaker panel 44 snchudes the housinyg 46,
an elecirical bus structure, such as a muiti-laver backplane 30, g number of fivst plug-
i members 32 coupled o the backpiane 30, g plarality of the msulative refainers 10
coupled o the backplane 50, and a phuvabity of the plug~in ¢irowst breakers 12, Each
of the cwewst breakers 12 melndes the manual operator 14 disposed from a st

surface 34 and a number of second phug-tn members, such as the two exampde sockets
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36, disposed from a second surface 58 opposite the first surface 34, The example
sockets 36 electrically engage a number of the number of fivst plug-in members 52,

The cover or {aceplate 48 s removably coupled {0 the housing 46 by
fasteners 60, The cover or faceplate 38 has a swrface 62 and a phurality of aperfures
64 disposed therethrough, The first surface 54 of the circuit breakers 12 engages the
surface 62 of the cover or faceplate 48, Each of the manual operators 14 passes
through a corresponding one of the apertures 64,

Example 12

The msulative retatners 10 are structured to retain the circalt breakers
12 with the manual operators 14 eenerally facing downward (e o, upward with respect
t0 Frgure 7} when the cover or faceplate 48 1s removed From the housmy 46
SR

Uxample 13

The cover or faceplate 48 includes the fasteners 60 removably
engaging the housinyg 46,

Faample 14

The number of second plug-in members, such as the two example
sockets 56, include a first socket S6A for a Line terminal 66 and a second socket S4B

for a oad termmal 68,

The manual operator 14 18 g push-pall operating handle.

Example 16

Frgurg 8 shows another circutl breaker assembly, such as the example
owroudt breaker panel 70 mchuding one twtalied cirenit breaker 12, The cireuit breaker
panel 70 can be the same as or sinubw to the circut breaker panel 2 of Figure 1 except
that the example keeper laver 34 15 not emploved, can be the same as or similar to the
circuit breaker panel 36 of Figares 5 and 6, or can be the same as or smular {o the
circuit breaker panel 44 of Figure 7 except that the housing 46 and cover or faceplate

4% are not shown

The disclosed msulative retaners 10 provide electrical msulation
batwesn conductors, such as the pins 8. The elecivical msulation is improved by

mcreasing the distance of a potential arc path (e.g., which 1s made longer than that of
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a flat swmcﬁ}, proteciing -;igafins t foren an objects that might cause electrical shorts
from hine o load, and protecting unused pins & from other conductors.
The disclosed insulative retainer 1 profects the backplane pins & from
damage and the gser from energized electiicat conductors 1 nnused posuions. The
S backplane pms 8 are below the retawner surface when the corresponding circuit
breaker 12 is not populated. It 3 user installs a circuit bregker with the power on, then
the insulative retainer 1 yrmfieéeﬁ added electrical protection fromn aceidenial shock.

The disclosed concept overcomes himitattons of known plug-in circust

16 vibration applications by providing additional dampening; {2) severe comrosion,
monidity, elevatson, wet areas and non-pressurtzed use by providmyg a moistare

barsier; {3) overhead (saspended) appheations that require retention of ciraint breakers

higher dielectric withstand voltages between conductors (e, 270 VRO
13 The disclosed silicone rubber retainer 10 provides the followimng
charactenstics: (1) retention of aircuit breakers without 8 cireunt breaker panel cover
or faceplate betng instalied; {2) protection of unused pins from damage: {33 proteciion
of pins from foretgn object debris {FOD)Y conduction between pins; and {4) added
protection for the user from accidenial shock
2{3 The disclosed msulative retamers 10 provide vibration dampening. By
adding compression of the circut breaker sockets 16 as installed m the cireut breaker
panels 236,44, 70 thas prevents relative motion that can cause frefting ol comtacts,
which could cause heating and eventually an open circudt.
The disclosed msulative retamers 10 also proviude s relatively tight it
25 arcund the curonst breaker embedded sockets 10 and seal the elecirical contact
mterface. This prevents moistare poohng, salt build-up and 1omg. Ths also hnuis
corrosion on the mating pins § and the ambedded sockets 16,
The disciosed msulative relatners 10 further protect agamst FOD,
Conventional gircatt breaker panels in pressurived areas and non-pressurized areas are
3 susceplible to debris build-up (e 2., without Immitation, sand, dust, salt and loose

hardware, such as pieces of wire, nuts or washers)., Protecting the line and load
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terminals 18,20 of the circuit breakers 12 will increass applivation safety and
reliability.

The disclosed msulative retainers 10 also allow overhead circuit

breaker assernblies. The retamners 10 hold the Ciweuit breakers 12 m place when

maintenance 1§ being conducted, for example, 1o add or replace a airawt breaker with

the cover or faceplate 48 removed.

While specific embodiments of the disclosed ¢ oncept have been
described in detail, it will be appreciated by those skilled in the an that various
nmodifications and alternatives (o those detatls could be developed m light of the
overall teachings of the disclosure. Accordingly, the particular arrangement(s

disclosed are meant to be hustrative only and aot lnmiting as to the scope of the

disclosed concept which 1s 10 be given the full breadih of the claims appended and

any and all equivalents thereof,
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What is claimed Is:

1. A circuit breaker assembly comprising:
a housing;
an electrical bus structure within said housing;
a number of first plug-in members coupled to said electrical bus structure;

a number of insulative retainers coupled to said electrical bus structure, a
corresponding one of said number of insulative retainers being operatively
associated with a corresponding number of said number of first plug-in members;

and

a number of circuit breakers, each of said number of circuit breakers comprising a
manual operator and a number of second plug-in members disposed opposite said
manual operator, each of the number of second plug-in members electrically

engaging a corresponding one of said number of first plug-in members,

wherein the corresponding one of said number of insulative retainers is disposed
about the corresponding number of said number of first plug-in members, in order: (1)
to insulate said corresponding number of said number of first plug-in members, and
(i) to retain the number of second plug-in members that electrically engage the

corresponding number of said number of first plug-in members, ana

wherein said number of insulative retainers is structured to retain said number of
circuit breakers with said manual operator generally facing downward when a cover

member is removed from said housing.

2. The circuit breaker assembly of claim 1 wherein the corresponding one of said
number of insulative retainers is structured to protect the corresponding number of
said number of first plug-in members when not electrically engaging the number of

second plug-in members.

3. The circuit breaker assembly of claim 1 wherein said number of first plug-in members
s a plurality of male terminals; wherein the number of second plug-in members is a
plurality of female sockets; and wherein each of said number of insulative retainers IS

operatively associated with said plurality of male terminals and said plurality of

female sockets.

4. The circuit breaker assembly of claim 3 wherein said plurality of male terminals Is two

male terminals: wherein said plurality of female sockets is two female sockets;
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wherein said each of said number of insulative retainers comprises, for each one of
said two male terminals and each corresponding one of said two female sockets, an
insulator comprising a base and an elongated portion extending from the base, said
base having a first aperture therein, said elongated portion having a second aperture
therein and a conduit extending therethrough from the first aperture to the second
aperture; wherein said each one of said two male terminals extends through the first
aperture and partially through the conduit; wherein saia each corresponding one of
said two female sockets extends through the second aperture and partially through
the conduit: and wherein said each one of said two male terminals electrically

engages said each corresponding one of said two female sockets within the conduit.

The circuit breaker assembly of claim 4 wherein the conduit has a generally
cylindrical shape and comprises a plurality of internal ridges; and wherein said each
corresponding one of said two female sockets has a cylindrical shape within the

generally cylindrical shape of the conduit and is engaged by said internal ridges

therein.

The circuit breaker assembly of claim 1 wherein each of said number of insulative
retainers is made from the group consisting of liquid silicone rubber, thermoplastic

elastomer, and transfer rubber molding.

The circuit breaker assembly of cilaim 1 wherein said number of first plug-in members
is a number of male terminals, said number of first plug-in members Is equal to said
number of male terminals; wherein the number of second plug-in members Is a
number of female sockets, said number of second plug-in members is equal to said
number of female sockets: wherein each of said number of insulative retainers
comprises, for each one of said number of male terminais and each corresponding

one of said number of female sockets, an insulator comprising a base and an

elongated portion extending from the base, said base having a first aperture therein,
said elongated portion having a second aperture therein and a conduit extending

therethrough from the first aperture to the second aperture; and wherein said each

one of said number of male terminals extends through the first aperture and only

partially through the conduit.

The circuit breaker assembly of claim 1 wherein said number of first plug-in members
is a number of pins, said number of first plug-in members is equal to said number of
pins: wherein each of said number of insulative retainers is made of a liquid silicone
rubber and comprises, for each one of said number of pins, an insulator comprising a

base and an elongated portion extending from the base, said base having a first
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aperture therein, said elongated portion having a second aperture therein and a
conduit extending therethrough from the first aperture to the second aperture; ana

wherein said each one of said number of pins extends through the first aperture and

into the conduit.

The circuit breaker assembly of claim 1 wherein said number of first plug-in members
is 2 number of male terminals, said number of first plug-in members is equal to said
number of male terminals: wherein the number of second plug-in members is a
number of female sockets, said number of second plug-in members is equal to said
number of female sockets: wherein each of said number of insulative retainers
comprises, for a subset of said number of male terminals and a subset of saia
number of female sockets, an insulator comprising a base and an elongated portion
extending from the base, said base having a first aperture therein, said elongated
portion having a second aperture therein and a conduit extending therethrough from
the first aperture to the second aperture; wherein the conduit has a generally
cylindrical shape and comprises a plurality of internal ridges; and wherein a
corresponding one of said subset of said number of female sockets has a cylindrical
shape within the generally cylindrical shape of the conduit and is engaged by said

internal ridges therein.

The circuit breaker assembly of claim 1 wherein each of said number of insulative
retainers comprises a base disposed on a planar surface of said electrical bus
structure: and wherein each of said number of insulative retainers is coupled to said
electrical bus structure by a keeper layer engaging the base, said keeper layer being

coupled to the planar surface of said electrical bus structure.

The circuit breaker assembly of claim 1 wherein said humber of insulative retainers

are coupled to said electrical bus structure by an adhesive.

A circuit breaker assembly comprising:

a housing;

an electrical bus structure within said housing,;

a number of first plug-in members coupled to said electrical bus structure;

a number of insulative retainers coupled to said electrical bus structure, a
corresponding one of said number of insulative retainers being operatively

associated with a corresponding number of said number of first plug-in members;

a number of circuit breakers, each of said number of circuit breakers comprising a

manual operator disposed from a first surface and a number of second plug-in
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members disposed from a second surface opposite the first surface, each of the
number of second plug-in members electrically engaging a corresponding one of said

number of first plug-in members; and

a cover member removably coupled to said housing, said cover member comprising

a third surface and a number of apertures disposed through the third surface,

wherein the corresponding one of said number of insulative retainers is disposed
about the corresponding number of said number of first plug-in members, in order: (i)
to insulate said corresponding number of said number of first plug-in members, and
(ii) to retain the number of second plug-in members that electrically engage the

corresponding number of said number of first plug-in members,

wherein the first surface of said number of circuit breakers engages the third surface

of said cover member,

wherein said manual operator passes through a corresponding one of said number of
apertures, and wherein said number of insulative retainers is structured to retain said
number of circuit breakers with said manual operator generally facing downward

when said cover member is removed from said housing.

The circuit breaker assembly of claim 12 wherein each of said number of insulative
retainers is made from the group consisting of liquid silicone rubber, thermoplastic

elastomer, and transfer rubber molding.

The circuit breaker assembly of claim 12 wherein said number of first plug-in
members is a number of male terminals, said number of first plug-in members is
equal to said number of male terminals; wherein the number of second plug-in
members is a number of female sockets, said number of second plug-in members is

equal to said number of female sockets; wherein each of said number of insulative

retainers comprises, for each one of said number of male terminals and each
corresponding one of said number of female sockets, an insulator comprising a base
and an elongated portion extending from the base, said base having a first aperture
therein, said elongated portion having a second aperture therein and a conduit
extending therethrough from the first aperture to the second aperture; and wherein

said each one of said number of male terminals extends through the first aperture

and only partially through the conduit.

The circuit breaker assembly of claim 12 wherein said number of first plug-in
members is a number of pins, said number of first plug-in members is equal to said

number of pins; wherein each of said number of insulative retainers is made of a
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liquid silicone rubber and comprises, for each one of said number of pins, an
insulator comprising a base and an elongated portion extending from the base, said
base having a first aperture therein, said elongated portion having a second aperture
therein and a conduit extending therethrough from the first aperture to the second

aperture; and wherein said each one of said number of pins extends through the first

aperture and into the conduit.

The circuit breaker assembly of claim 12 wherein said number of first plug-in
members is a number of male terminals, said number of first plug-in members Is
equal to said number of male terminals; wherein the number of second plug-in
members is a number of female sockets, said number of second plug-in members Is
equal to said number of female sockets; wherein each of said number of insulative
retainers comprises, for a subset of said number of male terminals and a subset of
said number of female sockets, an insulator comprising a base and an elongated
portion extending from the base, said base having a first aperture therein, said
elongated portion having a second aperture therein and a conduit extending
therethrough from the first aperture to the second aperture; wherein the conduit has a
generally cylindrical shape and comprises a plurality of internal ridges; and wherein a
corresponding one of said number of said subset of female sockets has a cylindrical
shape within the generally cylindrical shape of the conduit and is engaged by said

internal ridges therein.

The circuit breaker assembly of claim 12 wherein each of said number of insulative
retainers comprises a base disposed on a planar surface of said electrical bus
structure: and wherein each of said number of insulative retainers is coupled to said
electrical bus structure by a keeper layer engaging the base, said keeper layer being

coupled to the planar surface of said electrical bus structure.

The circuit breaker assembly of claim 12 wherein the number of second plug-in

members comprises a first socket for a line terminal and a second socket for a load

terminal.

The circuit breaker assembly of claim 12 wherein said cover member comprises a

fastener removably engaging said housing.

The circuit breaker assembly of claim 12 wherein said manual operator is a push-pull

operating handle.
A circuit breaker assembly comprising:

a housing;
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an electrical bus structure within said housing;

a number of first plug-in members coupled to said electrical bus structure;

a number of insulative retainers coupled to said electrical bus structure, a
corresponding one of said number of insulative retainers being operatively

associated with a corresponding number of said number of first plug-in members;

and

a number of circuit breakers, each of said number of circuit breakers comprising a
manual operator and a number of second plug-in members disposed opposite said

manual operator, each of the number of second plug-in members electrically

engaging a corresponding one of said number of first plug-in members,

wherein the corresponding one of said number of insulative retainers is disposed
about the corresponding number of said number of first plug-in members, in order: (i)
to Insulate said corresponding number of said number of first plug-in members, and
(1) to retain the number of second plug-in members that electrically engage the

corresponding number of said number of first plug-in members,

wherein each of said number of insulative retainers comprises a base disposed on a

planar surface of said electrical bus structure, and

wherein each of said number of insulative retainers is coupled to said electrical bus
structure by a keeper layer engaging the base, said keeper layer being coupled to

the planar surface of said electrical bus structure.
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