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(57) Abrege/Abstract:
An Improved bus apparatus (4) includes a generally rigid substrate (16) and a conductor apparatus (20). The conductor apparatus

Includes a number of bus elements (40) that are embedded within the substrate and which are electrically connected with
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(57) Abrege(suite)/Abstract(continued):

connection elements (36ABC) that each have an end (78) that is situated external to the substrate. Additional connection elements
(36D) extend through the substrate and are connectable with loads (12). Circult interrupters (8) and other devices are connectable
with pairs (90) of the connector elements, wherein one connector element is connected with a line and whereln another connector
element Is connected with a load. The bus apparatus is formed by recelving the bus elements in channels (64) formed in layers
(24ABCD) of a thermally conductive and electrically insulative material, and the layers are bonded together with the use of a
bonding material (28) to cause the bus elements to become laminated within the interior of the substrate.
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(57) Abstract: An improved bus apparatus (4) includes a generally rigid substrate
(16) and a conductor apparatus (20). The conductor apparatus includes a number of
bus elements (40) that are embedded within the substrate and which are electrically
connected with connection elements (36 ABC) that each have an end (78) that 1s
situated external to the substrate. Additional connection elements (36D) extend
through the substrate and are connectable with loads (12). Circuit mterrupters (8)
and other devices are connectable with pairs (90) of the connector elements,
wherein one connector element 1s connected with a line and wherem another con-
nector element 1s connected with a load. The bus apparatus 1s formed by receiving
the bus elements in channels (64) formed in layers (24ABCD) of a thermally con-
ductive and electrically msulative material, and the layers are bonded together with
the use of a bonding material (28) to cause the bus elements to become laminated
within the interior of the substrate.

Longy
g' L4

"~ -
A2k piA -
. Pt —_— = . "
{ 5 e s *f:"‘ﬁ" 14
- “J:'\_T"-\_ ::EE’:_’ ‘:_a\;__ / 1‘",—'/—‘ “""'\ g ; -
R o e S A VT VLR
B - o vy !
“-Mj © APM 3 y Aﬁ;..__, _\\M;:::.;:‘y/: \l :i.\ 4.{} . ﬁu&
~ - [ -~ : . A"F ! , i
I R S P Y
\\ ‘:‘/‘GZ‘*-” Ay """’7’”{; / A
e e ) .2_ - ""\..Q_- % i A
By, e, ES4 L) Fd
- “*\-.:_'?"__M"a;bm.. “““““ S )2
- :T'Ctgs-‘: 6’:/::.:;" T, o e f:ﬂ‘_“_ i
o iy s petli: L St L XN H] =
e P e
“-'CH.-‘ h-a-’:')f":- ]”' ™~ '-“-".’xab - o‘.,.-? * e Ve ?\ uﬁﬁﬁ
.@Qh‘ﬂ__“ - -C’.Ma v»‘c‘f":- -h.%. _)
ol g T E L e
r Lo —~_d w A ws :
it Y N o

woO 2012/177826 A1 | IH]0H J LR 000 00 A LA



CA 02837212 2013-11-22

WO 2012/177826 A1 |00 00 A A O A

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, Published:
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))



BUS APPARATUS FOR USE WITH CIRCUIT INTERRUPTERS OR OTHER
DEVICES

BACKGROUND OF THE INVENTION

Field

The 1nstant application relates generally to electrical apparatuses and. more

particularly, to a bus apparatus that is usable to connect circuit interrupters and other

devices with circuits.

Related Art

Circuit interrupters of various types are generally known in the relevant art. For
example, a circuit interrupter such as a circuit breaker may be placed within a circuit to
open the circuit in the event of certain overcurrent conditions, under-voltage conditions,
and other conditions such as fault conditions and the like. Each protected circuit typically
will have 1ts own circuit interrupter that 1s suited to the load and other conditions that are
found 1n the circuit. Other devices such as thermostats, switches, and the like can also be
connected with circuits.

While electrical systems that include such circuit interrupters and other devices
have been generally effective for their intended purposes, they have not been without
limitation. In particular, since each protected circuit must have its own circuit interrupter
or be somehow connected with a circuit interrupter, and since a circuit that is intended to
include a thermostat, a switch, or other such device must, be electrically connected
therewith, complex electrical installations often have large numbers of wires going in
different directions in order to connect among electrical feed buses, circuit interrupters,
other devices, and loads. The complexity of the wiring that is required to provide the
connections often causes undesired complications when performing repairs or routine

maintenance on such electrical installations. Such

CA 2837212 2017-06-21
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problems are exacerbated in applications that provide limited space and/or limited

access 1o the wiring with which circuit breakers are connected, such as aerospace and

n

marine applications and other applications. Further complexity is cncountered when
multiple power sources are involved with an electrical system, because the wires that
are associated with each such power source typically must be physically segrezated
rom the wires associated with the other power sources in order to avoid the
potentially catastrophic results that may oceur from unintended shorting between
wires associated with different power sources. It thus would be desirabic to provide
an improvement to overcome the shortcomings of such electrical installations.
SUMMARY OF THE INVENTION

In view ot the foregoing, an improved bus apparatus inchudes 2 generally rigid
substrate and a conductor apparatus. The conductor apparatus includes a number of
bus elements that are embedded within the substrate and that are electrically
connected with connection elements that each have an end which is situated external
to the substrate. Additional connection elements extend through the substrate and are
connectable with loads. Circuit interrupters are connectable with pairs of the
connector elements, wherein one connector element is structured to be connected with
a iine and wherein another connector element is structured to be connected with a
toad. The bus apparatus is formed by receiving the bus elements in channsls formed
it layers of a thermally conductive and electrically insulative material, and the layers
are bonded together with the use of a bonding material to cause the bus elements to
becorne faminated within the interior of the substrate.

Accordingly, an aspect of the disclosed and claimed concept is to provide an
improved bus apparatus to which circuit interrupters can be mounted.

Another aspect of the disclosed and claimed concept is to provide g method of
forming such an impmvéd bus apparatus.

These and other aspects are provided by an improved bus apparatus that is
structured to enable a number of ¢circult interrupters to be electrically connected with a
number of circuits. The bus apparatus can be generally stated as including a substrate
and a conductor apparatus. The substrate is formed of a material that is structured to
oe ciectrically resistive and thermally conductive within the ranges of voltage an

temperature m which the bus apparatus is structured to typically operate. The
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conductor apparatus can be gencrally stated as including at least a firsi conductor
assembly that can itself be generally stated as including an electrically conductive first
bus element and 3 number of electrically conductive first connection cloments. Af
least some of the sumber of {irst connection elements each have an electrical
comection with the first bus element. The first bus element is embedded within the
substrate, and the Ie:ast some of the number of first connection elements each extend
from the electrical connection with the first bus element and have at least one end
situated external to the substrate. The conducior apparatus can be generally stated as
further including a number of elecirically conductive additional connection elements
extending through the substrate and being elecirically unconnected with the first bus
element within the substraté, with at ieast some of the number of additional
connection elements each having at least one end situated external to the substrate.
Uther aspects are provided by an improved method of forming a bus appara.tus
that is structured to enable a mumber of circuit interrupters to be electric‘al}}f connected
with a number of cireuits. Such a bus apparatus can be generally stated as including a
conductor apparatus and a substrate having a plurality of layers. The conductor
apparatus can be generally stated as including a number of conductor assem blies and
a number of electrically conductive additional connection elements. Each conductor
assembiy can be generally stated as including an electrically conductive bus element
and a pumber of electrically conductive connection elements. The substrate is formed
of a material that is structured to be electrieally resistive and thermally conductive
within the ranges of voltage and temperature in which the bus apparatus 1s structured
to typically operate. The method can be generally stated as inchuding situating on
cach of at least some of the layers of the plurality of layers a conductor assembly of
the number of conductor assemblies, interposing hetween the layers of each adjacent
pair of layers of the plurality of layers a bonding material, and subjecting the plurality
of layers and the bonding material to a formation process that COMprises an
application for a period of time of at feast one of compression and temperature in

excess of ambient conditions to bond together the plurality of layers,

f s
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A further understanding of the disclosed and claimed concept can be gained
tfrom the tollowing Description when read in conjunction with the accompanyin g
drawings in which:
> Yig. 1 1s g front elevational view of an improved bus apparatus in accordance
with a first embodiment of the disclosed and claimed concept;
Fig. 2 is a top plan view of the bus apparatus of Fig. 1;
Fig. 3 1s a left side elevational view of the bus apparatus of Fig. 1;
Fig. 4 1s an enlarged view of the indicated portion of Fig. 2;
10 Fig. 5 is an cxploded view of the bus apparatus of Fig, 1;
Fig. 6 1s a flowchart depicting certain aspects of an improved method in
accordance with the disclosed and claimed concept;
Fig. 7 is a cut away view of a portion of a curing machine auring fort ation of
the bus apparatus of Fig. 1;
15 Fig. 8 1s a top plan view of an improved bus apparatus in accordance with a
second embaodiment of the disclosed and claimed coneept;
Fig. 9 is an exploded view of the bus apparatus of Fig. &;
Fig. 10 depiets the assembly of a printed circuit board to the layers of a
subsirate: and
20 Fig. 11 depicisa feft side elevational view of the bus apparatus of Fig. &,

Simitar numerals refer to similar parts throughout the specification.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

An improved bus apparatus 4 in accordance with a first embodiment of the
23 disclosed and claimed concept is depicted generally in Figs. 15 and 7. The mproved
bus apparatus 4 is generally rigid and is structured to be connected with one or more
circuit interrupters, one of which is depicted in phantom lines at the numeral 8 in Figs.
i-3. W is noted that the exernplary circuit interrupter 8 is but a single example of one
of many other clectrical devices such as switches, thermostats, relays, and the like
30 which can be connected in such a fashion with the bus apparatus 4. The bas apparatus
4 35 also connectable with a number of foads, one of which is depicted in phantom

tmes 1n Fig. 3. The bus apparatus 4 can also be installed in a circuit broaker panel for
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connection with circuit breakers and loads.

The bus apparatus 4 can be generally said to include a substrate 16 and a conductor

apparatus 20. The exemplary substrate 16 is formed of a matenal that is electrically
S resistive and thermally conductive and may be, for example and without limitation,

a liquid crystal polymer (LCP) thermoplastic or other appropriate matenal. The conductor
apparatus 20 is formed of electrically conductive materials such as copper, silver, or
aluminum, by way of example, and are sized to carry predetermined current levels suited to
the application.

10 As will be set forth in greater detail below, the conductor apparatus 20 is, in
large part, embedded within the substrate 16, although portions of the conductor apparatus 20
are situated external to the substrate 16. The thermal conductivity and electrical resistance of
the substrate 16 help to avoid hot spots within the bus apparatus 4 and tnstead helps to
thermally conduct I°R heat away from the conductor apparatus 20, which is highly desirable

15  The material from which the substrate 16 is formed is desirably also of a relatively
high dielectric value.

In the exemplary embodiment depicted and described herein, the substrate 16 is formed
from a plurality of layers 24A, 248, 24C, and 24D that are bonded together with the use of an
amount of a bonding material 28 and with the application of heat and compression for a

20  predetermined period of time that is described below. For example, the layers
24 ABCD can each be formed of LCP or other appropriate material, with the bonding material
28 being interposed between each pair of adjacent layers 24 ABCD. The bonding material 28
can be, for example and without limitation, an adhesive sheeting or epoxy-based structural
tape, such as Berquist Bond-Ply 660B, which is a double-sided pressure sensitive adhesive

25  tape manufactured by The Berquist Company of Chanhassen, Minnesota, and
which includes a high performance, thermally conductive acrylic adhesive coated on both
sides of a PEN film. The bonding material 28 may, for example, transfer epoxy to the layers
24ABCD upon being heated and become cross-linked in order that re-heating has no effect.

30 [t is noted, however, that other formation methodologtes may be employed to

form the substrate 16, such as injection molding and curing of the LCP or other

CA 2837212 2018-09-25
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material /n situ about portions of the conductor apparatus 20 to cause those portions of
the conductor apparatus 20 o be embedded within the substrate 16. Other formation
methodologies within the scope of the present concept will be apparent.

As can pe upderstood {rom Fig. 5, the conductor apparatus 20 can be said to

(W

include a plurality of conductor assemblics, with the exemplary bus apparatus 4
described herein having nine such conductor assemblies indicated at the numerals
32A, 32AA, 32AAA, 328, 32BB, 32BBB, 32BBBBR, 32C, and 32CC, and which are
collectively referred to herein with the numeral 32, In the exemplary embodiment
depicted herein, each such conductor assembly 32 includes a bus element (described
10 below) that is embedded within the substrate 16. Each such conductor assembly 32
further include a number of connection elements (described below) that each have an
electrical connection with the corresponding bus element at a location within the
interior of the substrate 16 but that also extend from such conpection to a location at
the exterior of the substrate 16. As employed, the expression “a number of” and
13 variations thereof shall refer broadly to any non-zero guantity, inciuding a quantity of
THIE.

For example, and as can be seen in Fig. 3, the conductor assembly 32A
ii{c-}a.ai.es a bus element 40A and a plurality of connection elements 36A that are
clectrically connected with the bus element 40A. The conductor assembly 32AA

20 mcludes a bus element 40AA and a plurality of connection slements 36A that are
eiecirically connected with the bus element 46AA. The conductor assembly 32AAA
inciudes a bus element 40AAA, and a plurality of connection elements 36A that are
electrically connected with the bus element 40AAA.

in a similar fashion, the conduactor assembly 328 has a bus element 408 to

25 which is connected a number of the connection slements 368, The conducior

assembly 32BB has a bus element 40BB to which is connected a number of the
connection elements 368, The conductor assembly 32BBB has a bus element
40BBB to which is connected a number of the connection elements 368,  The
conductor assembly 32BBEB has a bus element 40BBBB to which is connected a
30 nember of the connection elements 368, ‘ ‘
Likewise, the conductor assemblv 32C has a bus element 40C with which are

connected a number of the connection eleruents 36C, The conductor assembly 32CC
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has a bus element 40CC with Wi*sci y are connected a number of the connection
elements 36C,

As oan be understood from Fig. 5, the bus elements 40A, 40AA, 40AAA, 408,
458, 40BBB, 40BBBB, 40C, and 40CC, collectively referred 1o herein at the

+™N

mumeral 44, are generaliy thin and fat and are formed of one of the glectrically

A

copductive materials mentioned herein or another appropriate material. Such bus
ciements 40 can be formed, for example, by any of a variety of methods such as laser
cutiing, staruping, wire electro-discharge machining, water jet cutting, or other
appropriate method. The bus elements 40 may be, for oxample, 6.015 inches in

10 thickness, which may be suitable for a seventy-five Ampere current. However, other
dimensions can be appropriate for other current-carrving capabiiities. Moreover, the
bus elements 40 can alternatively be of other shapes, such as in the sha pes of wires or
other shapes, without departing from the present concept.

The exemplary connection elernents 36 A, as well as the other connection
15 elements mentioned herein, are in the exemplary form of cylindrical pins that extend

in a direction transverse to the plane of the corresponding bus elements 40A and 408,

>-&

Shapes other than cylindrical may be employed depending upon the needs of the
application.
1he conductor apparatus 20 further includes a plurality of other connectors

O whach are collectively referred to herein at the numeral 32. One of the other

A

connectors 52 is conmected with each bus element 40 and can be used, for example, o
ciectrically connect the bus element 40 with a power source. Such other connectors
thus are referred to herein as line connectors, although the expression 8 intended to
not be Hmiting since they can be otherwise connected without departing from the

45 present concept. As can be seen in Fig. 5, the bus elements 404, 40AA, 40AAA,
4083, 40BB, 40BBB, 40BBBE, 40C, and 40CC each have a lme connector 524,
SIAA, SZAAA, 528, S2BB, 52BBB, S2BBRR, 52C, and 32 CC, respectively,
connected therewith. In the exemplary énﬂ‘}odimem described herein, the line

connectors 52 each have a threaded end that is ¢ ooperable with a nut 60 for

1o
{"

connection with the power source, by way of examiple. The conductor apparatus 20
turther includes a plurality of terminal stops 56 which are disposed on the substrate 16

in order to facilitate such conmection. The terminal Stops 56 may potentially be

-.‘.:‘
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agent, if desired.,

As can further be seen in Fig. 5, at least some of the layvers 24ABCD in the
depicted exemplary embodiment have a number of channels formed therein that are
structured to receive therein the bus clements 40 prior to bonding together of the
layers 24ABCD fo form the substrate 16, In particular, the layer 24A has a pair of
channels 64A, 64AA, and 64AAA formed therein that are structured to receive therein
the bus elements 40A, 40A 4, and 40AAA. The channels 644, 64AA, and 64AAA
cach melude one or more elongated channel segments that are connected together and
that are sized to accommadate therein the bus elements 404, 40AA, and 40AAA. Ina

similar fashion, the layer 24B has a set of channels 64B, 64BRB, 64BRR, and 64BBBR

formed therein that are structured to accommodate and to receive therein the bus

clements 408, 40BB, 40BBB, and 40BBBB. The layer 24C likewise has a pair of

channels 64C and 64CC formed therein to receive the bus elements 40C and 400,
As can further be seen in Fig. 5, the lavers 24 ABCD each have a pluralitv of

holes formed therein that arc shown generally at the numerals 72A, 728, 72C, and

721, regpectively, and which are positioned and sized to accommodate therein at least

a portion of each of the connection elements 36ABCD. For example, the laver 24A
has a plurality of holes 72A formed therein, the layer 248 has a plurality of holes 728
formed therein, the layer 24C has a plurality of holes 72C formed therein, and the
tayer 240 has a plurality of holes 72D formed therein. The holes 72A receive the
connection elemeunts 36A thercin. It can likewise be said that the holes 72B receive
the connection elements 368 therein, that the holes 72C receive the conneciion
elements 36C therein, and the holes 72D receive the connection elements 36D therein.
it 1s noted, however, that the holes 72ABCD are generally aligned with one another
when the substrate 16 is assembled, and it therefore can be seen that certain of the
connection elements 36ABCD are each received through the holes 72ABCD in more
than one of the layers 24 ABCD. For example, the connection siements 36D are cach
received in the heles 72ABCD and moreover extend 1o a re gion exterior to the
substrate 16. For instance, the substrate 16 can be said to have a pair of generally

planar surfaces 74A and 748, The connection elements 36D each have a first end 80
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that protrudes beyond the surface 74A and further include a second end 82 tha
protrudes bevond the surface 7418,

in a simiar fashion, the connection elements 36ABC cach have a first end 78
that protrudes outwardly from the surface 74A. In order to enable the connection
clements 36ABC to generally each protrude outwardly from the surface 74A in a
fashion similar to the connection clements 38D, certain of the connection elgments, in
particular the connection elements 368 and 36C, must extend through the holes 74AR
formed in more than one of the layers. For example, the connection elements 361
st extend through both the holes 72B formed in the layer 248 as well as the holes
72A formed in the layer 24A. Likewise, the connection elements 3160 must extend
not only through the holes 72C, but also through the holes 72B and the holes 724 in

order to protrude cutwardly from the surface 74A.

It 1s noted, however, that the bus elements 40A, 40AA, 40AAA, 408, 4088,
40880, 40BBBB, 40C, and 40CC are sach electrically isolated from one another.,
1he bus clements 40 are also each electrically isolated from the connection elements
3613 within the interior of the substrate 16. The of bus elements 40 situated between
the various adjacent pairs of layers 24 ABCD may be connected with any of a variety
of power sources, by way of example, with each such bus element 40 remaming
isolated from each other bus element 40,

For nstance, any of the bus elements 40 can carry AC or DO power at any of a
wide range of voltages and current levels, as long as the various specifications of the
conductor apparatus 20 are suited to carry such power. Also, the geometry 1s scalable
to enable larger quantities of connections to be made, and the substrate 16 can itself
be made physically larger in cach dimension depending upon the specific needs of the
particular application.

By way of example and without Hmitation, the conductor assemblies 32A,

328, and 32C are connected with the three phases of a three-phase AC electrical

system, and the conductor assemblies 32A4, 32BRB, and 32CC are connected with the
three phases of a separate three-phase AC electrical system. The conductor
assemblies 32AAA and 32BBB arc cach connected with separate AC elecirical lines,

and the conductor assembly 32BBBB is connected with DC nower, It thus is
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understood that the bus apparatas 4 can be connected with virtually any type of DOWET
system and can be configured to meet any of a variety of electrical connection needs.
In the depicted exemplary embodiment, and as mentioned above, the substrate

16 is formed by stacking the layers 24 ABCD and alternating them with layers of the

s

bonding material 28, In the exeoplary embodiment depicted herein, the bonding
material 28 is in the form of thin sheets which may be on the order of 0.0035 inches in
thickness and which are formed with holes that correspond with the holes 72AR Ch.
When the bus elements 40 are received in the channels 64, and when the bondin o

material 28 is interposed between the adjacent pairs of the layers 24AB, 24BC. and

10 24CD, and when the connection elements 36D are insialled in the holeg TIABCD, the
components of the substrate 16 will be in a condition stacked and aligned with one
another and will be ready for final assemb .

In particular, the stacked elements of the substrate 16 are situated in g curing
machine 84, a portion of which is indicated in Fig. 7, and which inclades g first mold

13 portion 86 and a second mold portion 88 that are configured to be compressed
together as shown with the arrows that are indicated generally at the numerals 92A
and 92B. In particular, the stacked elements of the subsirate 16 priOr tO curing are
situated between the first and second mold portions 86 and 88. and the Curing
machine 84 is caused to compress ttsgetha'f the first and second mold portions 86 and

= 88 and to apply heat thereto, which results in compression and temperature above
ambient conditions being applied to the substrate 16, By way of examp}.sﬂ the
ciements of the subsirate can be heated to a temperature on the order of 200 de orees
Fabrenheit and a pressure on the order of, for example, 100 to 2000 pst pressure for a
period of ane or two hours. Other temperatures, pressures, and durations can be

23 employed without departing from the present concept.

The application of such temperature and pressurc causes the substrate 16 o

cure, meaning that the bonding material 28 may transfer epoxy and become cross-

linked with the adjacent layers 24ABCD. The result of the curin g process may vary
depending upon the specific characteristics of the bonding material 28. During such

30 curing, the bonding material 28 may additionally cause epoxy to flow around at Jeast
a portion of the bus elements 40, as well as at least a portion of the connection

clements 36ABCD, which provides a desirable dielectric and moisture barrier
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between the layers 24ABCD and which results in the bus elements 40 being
embedded within the substrate 16,
it thus 1s understood that in other embodiments the bus apparatus 3 potentially

may be configured without the channels 64, That is, the layers 24ABCD may simply

LA

be tormed with planar surfaces and the bus elements 40 received thereon. By
providing a relatively greater amount of the bonding material 28, and with curing,
such additional amounts of bouding material 28 could flow into the vicinity around

cach bus element 40 and occupy the space between each adjacent layer 24ABCD that

is not occupied by one of the bus elements 44).

10 After the predetermined duration of time in the curing machine 84 with the
atoremuentioned heat and pressure, the first and second mold portions 86 and 88 are
separated from one another, and the completed bus apparatus 4 with the cured
substrate 16 is removed from the curing machine 84. The layers 24ABCD mé}f gach
be on the order of 0.060 inches in thickness, with the result that the completed

15 substrate 16 is on the order of one~-quarter inch in thickness.

The substrate 16 is generally rigid and is stroug enough to accommodate
connections of circuit interrupters such as the circuit interrupter 8 with pairs of the
connection elements 36ABCD, That is, the connection elements 36ABCD in the
depicted exemplary embodiment can be said to be arranged in pairs 90ABC for

20 connection with a device such as the cireuit interrupter 8. For example, a pair 90A as

1s depicted generally in Fig, 1 includes g first end 78 of one of the connection

elements 36A and a first end 80 of one of the connection slements 3613, A patr 908
mciudes a first end 78 of one of the connection elements 36B and a first end 20 ot one

ot the connection elements 361, Likewise, a pair 90C includes a first end 78 of a

b
LA

connection element 36C and a first end 80 of a connection element 36D, The
connection elements 36D can be employed, as suggested above, for connection with
loads such as the load 12. It thus can be understood that each of the pairs 0ARC
meludes a connection element that can be connected with a line, such as one of the
connection elements 36A or one of the connection elements 368 or one of the

Y

30 connection elements 360, and further includes one of the connection elements 360

that can be connected with a load. Depending upon the particular application, a

circuit interrupter may be a multi-phase circuit interrupter that will be connected with

bl



CA 02837212 2013-11-22
WO 2012/177826 PCT/US2012/043463

more than one of the paifs FOABC. For example, a three-phase circuit interrupter
might be connected with three pairs, L.e., a pair 90A, a pair 908, and a pair 90C,
which likely would be situated adiacent one another. Other variations will be
apparent.
S Hig, 6 .dcpi@ts a tlowchart which sets forth certain of the operations that are
performed in assembling and curing the substrate 16. In particular, each of the
- conductor assemblies 32 is positioned, as at 106, with the bus elements 40 received in
the channels 64 and with the connection elements 36ABC which, in the depicted
exemplary embodiment, are lne connection elements, received in the holes 72ABC.
t0 The connection elements 3613 which, in the depicted exemplary embodiment are load
connection elements, are received in the holes 728, as at 110, In this regard, it can be
seen that each of the exemplary connection elements 36D includes an annular flan A
at generally the midpoint thereof that engages at least the layer 248 and serves as a
support element. Such annular (lange helps to secure the connection elements 3673 io

15 the substrate 16 and to resist unintended extraction of the connection elements 36

-

trom the substrate 16 during insertion and removal of circuit interrupters 8 and foads
12, Moreover, it is noted that the connection elements 36 ABC likewise each include
an annular Hange which serves as a support element and which helps to secure such
connection elements 36 ABC against unintended separation from the cured substrate
20 16,
1he bonding material 28 is then positioned between adjacent pairs of the
lavers Z4ABCD, as at 114, so that the lavers 24ABCD and the bonding material 28
are ali gned and stacked, The aligned and stacked layers 24ABCD and bonding
material 28 with the conductor apparatus 20 instatled thereon are then positioned, as
25 at 118, imthe curing machine 84. The uncured subsirate 16 is then Subj ected, as at
122, to compression and heating for a predetermined period of time. The completed
bus apparatus 4 with its cured substrate 16 is then removed, as at 126, from the CUring
machine 84,
The completed bus apparatus 4 thus enables lines to be connected with the Hne
30 connectors 52 and allows loads to be connected with the second ends 82 of the
connection elements 36D, and further permits circuit interrupters, such as the circuit

interrapter §, to be electrically interposed therebetween by connectin g them across
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pairs YOADBC of the first ends 78 and 80. Various arrangements of the conductor
apparaius 20 can be provided depending upon the needs of tﬂf‘ particular application.
The resultant cured subsirate 16 provides to the bus apparams a direct thermal route

tor dissipation of IR heat while maintaining electrical isolation between the various

LA

conductor assemblies 32, as well as isolation from the connection elements 36D

within the substrate. The bus apparatus 4 thus enables a variety of connections to be

made between lines and loads and eliminates the need for the extensive wiring that
had beeu used with previous systerus. In this regard, while only a single load 12 is
depicied as being connected with a single connection element 26D, it is understood

14 that a board {not expréssiy depicted herein) can be proved with connectors disposed
thercon that are electrically connected with the various loads of the application, and
the board can be connected with the various appropriate second ends 82 of the
connection elements 3613, Other variations will be apparent to one of ovdinary skill in
the art.

15 An alternative bus apparatus 204 in accordance with a second embodiment of
the disclosed and claimed concept is depicted generally in Figs. 8-11. The bus
apparatus 204 s sumilar to the bus apparatus 4 in that the bus apparaius 204 includes 3
substrate 216 having a plurality of layers 224 ABCD and further comprises a
conductor apparatus 220 having a plurality of conductor assemblies 232 havis ng bus

20 elements and connection elements 236 ABC.

he bus apparatus 204 is different from the bus apparatus 4 in that the
connection elements 2361 of the conductor apparatus 220 are clectrically connected,
suchy as through soldering or welding, with a printed circuit board 294. For example,
the connection elements 236D are soldered to appropriate locations on the printed

23 cireult board 294, and the connection elements 236 are then reccived in holas
272ABCD in the layers 224ABCD. In so doing, a layer of bon wding material 228 is
interposed between the layer 2241 and the printed circuit board 294, As suc °h, curing
of the substrate 216 together with the printed circuit board in g cur ing machine
configired to -ég:wmmodate tnem causes the printed cireuit board 294 to be bonded

30 together with the substrate 216 upon curing. It is noted that clectrical connections can

be made herein by any appropriate methodology, 1_n~:hadmg via mechanical stress,

brazing, riveting, and the use of electrical connectors, by way of example.

_uuu-}.
P
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Fhe printed circuit board 294 has a connector 296 which includes pins or other
connectors that can be connected with the various loads. The connector 296 also
fncludes other pins or other connectors that provide one or more data channels which

copynunicate 10 a remote location data derived by circuits situated on the printed

-

crreul board 294,

While the printed circuit board 294 is depicted herein as being engaged with
the layer 224D with the layer of bonding material 228 situated therebetween and with
the elements then being cured together, it is noted that the instaliation of the printed
circuit board 294 with the connection elements 2368 soldered thereto can he
10 perforzhﬁd atter curing of the substrate 216. Other variations will be apparent.

The addition of the prirﬁted cireudt board 294 thus enables the zeneration of
data regarding the various circuits with which the bus apparatus 204 is connected and
the deliverv of such data to remote a location. Such data can include condition data,
such as ON or OFF conditions of each circuit {and thus the circuit mierrupier), as well

15 asvoltage and current levels and the like on each circuit, which is desirable. Other
vargfions will be apparent.

While specific embodiments of the invention 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 light of the overall teachings of the

20 disclosure, Accordingly, the particular arrangements disclosed are raeant to be
thustrative only and not Hmiti ng as 1o the scope of invention which is to be given the

full breadth of the claims appended and any and all equivalents thereof)



CLAIMS

What 1s Claimed is:
1. A bus apparatus (4) that is structured to enable a number of circuit

interrupters (8) or other devices to be electrically connected with a number of
circuits, the bus apparatus comprising:
a substrate (16) formed of a material that is structured to be electrically
resistive and thermally conductive within the ranges of voltage and temperature in
which the bus apparatus is structured to typically operate; and
a conductor apparatus (20) comprising:

at least a first conductor assembly (32) that comprises an electrically
conductive first bus element (40) and a number of electrically conductive first connection
elements (32ABC), at least some of the number of first connection elements each having,
an electrical connection with the first bus element, the first bus element being embedded
within the substrate, the at least some of the number of first connection elements each
extending from the electrical connection with the first bus element and having at least
one end (78) situated external to the substrate, and

a number of electrically conductive additional connection elements
(32D) extending through the substrate and being electrically unconnected with the first
bus element within the substrate, at least some of the number of additional connection
elements each having at least one end (80) situated external to the substrate,

wherein at least some of the additional connection elements are mounted
to a printed circuit board, the printed circuit board including a connector that includes
pins that provide one or more data channels that communicate to a remote location data
derived by circuits situated on the printed circuit board,

wherein the substrate comprises a plurality of layers bonded together,
the plurality of layers comprising a first layer and a second layer, at least a portion of
the first bus element being interposed between the first and second layers, at least one
of the first layer and the second layer having formed therein an elongated channel, at

least a portion of the bus element being situated in at least a portion of the channel,

wherem the plurality of layers further comprise a third layer, and

wherein the conductor apparatus further comprises a second conductor assembly that

15
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comprises an electrically conductive second bus element and a number of electrically
conductive second connection elements, at least a portion of the second bus element
being interposed between the second and third layers, the second bus element being
embedded within the substrate, the at least some of the number of second connection
elements each extending from the electrical connection with the second bus element
and having at least one end situated external to the substrate,

wherein:

the substrate comprises a generally planar first exterior surface,

at least some of the first connection elements each have the at least one
end thereof protruding from the first exterior surface,

at least some of the second connection elements each have the at least
one end thereof protruding from the first exterior surface, and

at least some of the additional connection elements each have the at least
one end thereof protruding from the first exterior surface,

wherein the substrate further comprises a generally planar second
exterior surface situated opposite the first exterior surface, and wherein at least some of
the additional connection elements each have a second end thereof protruding from the
second exterior surface, the second ends being structured to be electrically connected
with a number of circuits, and

wherein at least some of the additional connection elements each
comprise an elongated shank and a support element protruding from the shank in a
direction transverse to the direction of elongation, the support element being engaged

with a layer from among the plurality of layers.

2. The bus apparatus of claim 1 wherein the first layer has a plurality of first
holes (72) formed therein, and wherein the second layer has a plurality of second holes

(72) formed therein, at least some of the first connection elements being received in both a

first hole and a second hole.

3. The bus apparatus of claim 1 wherein the at least one end of one of the
number of first connection elements is situated adjacent a corresponding at least one end
of one of the number of additional connection elements, and wherein the at least one end

of one of the number of second connection elements is situated adjacent another

corresponding at least one end of one of the number of additional connection elements.

16
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4.  The bus apparatus of claim 1 wherein the at least first conductor assembly
comprises as the number of electrically conductive first connection elements a plurality of
the first connection elements, at least one of the first connection elements comprising a
connector (32) that 1s structured to be electrically connected with a line conductor, another
of the first connection elements and one of the additional connection elements being
structured to be electrically connected with a circuit interrupter (8) or other device, a
further one other of the first connection elements and another of the additional connection
elements being structured to be electrically connected with another circuit interrupter (8)

or other device.

5.  The bus apparatus of claim 1 wherein the substrate is structured to be bonded
together with the printed circuit board.

17
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