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DECLARATION AND ASSIGRMENT
FORUS UTILITY OR DESIGN PATENT APPLICATION

Attormney Docket No. CWEFSP-60520U81

As a below-named inventor, [ hereby declare that:

this declaration is divected fo the application entitled:

METHOD FOR A FLEXIBLE CONNECTION SCHEME AND PROTECTIVE
ENCLOSURE FOR ELECTRONICS FOR THE CHASSIS OF A JUNCTION BOX OR
CHARGE SWITCH UNIT FOR AN ELECTRIC VERBICLE

{check only one lem below}
{X} attached hereto,
OR
7 filed on (YYYY/MMWDD)

as Uniied States Application Number or

PCT Internations] Application Number

The above-identified application was made or muthorized to be made by me.

I believe 1 am the original inventor or an originel joint inventor of a claimed invention in the
abovs-identified application.

[ hereby acknowledge that any willftd false statement made in s declaration is punishable
under 18 U.S.C. 1681 by fine or imprisonment of not more than five (8) years, or both,

WHERFEAS, new and useful bimprovements have been made by the undersigned as
described in the above-identified application.

WHEREAS, Arens Condrols Company, LLC, having a plsce of busingss at 3602
Motk Kennicoft Ave., Arlington Heighis, 1L 60004, hereafier referred to as "assigpes”, i
destrous of scguiring all right, title, and interest throughout the world in, to, and under said
improvements and inventions and patent rights therefor.

NOW, THEREFORE, be it known that, for valuable consideration, the recgipt and
sufficiency of which are herchy acknowledged, alf righs, title, and interest, in the United
States and throughout the world, in, to and under said improvements and inventions and il
patents, patent applications, patent rights, snd inventory’ certificates thereof, therefor, and
theredn, including without Hmitation said spplication for patent in the United Stales, all
divisions and continuations thereof, all patents which may be granted thereon, all reissues and
extensions thereof, all right to sue for past infringement thereunder, sl patents which may be
granted for said improvements snd inventions by states or nations other than the Usited
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States, or by cther authority, entily, or organization, and all spplications therefor, have been
and are hereby sold, assigned, transferred, and delivered unto assignee, i3 successors and
assigns by the ondersigned; snd ot is covenapied and asgreed by the undersigned, and fir
executors, administrators, and legal representatives of the undersigned, thal al assignee’s
request any and all applications, affidavits, assignments, and other instroments will be made,
executed, and delivered as may be necessary, or desirable to secure for or vest in assignes, is
suLCessors of assigns, any improvement, inventions, right, title, interest, application, patent,
patent right or other vighl or property coversd by this assignment, and the Upiled States
Commissioner of Patents snd Trademarks s hereby requested and authorized o issue any and
sil United States pstents granted on any of said apphications to assignee as owner of the entive
vight, title, and interest in, to, and under the same, and appropriately smpowered officials of
foreign counirigs are hereby authorized to issue any lefters patent granied on any of said
applications to assignee gs owner of the entire right, title and interest in, o, and under the
SAIE.

N WITNESS WHEREOQF, this declaration and assigniment has been execuied below by the
unglersigned:

Legal Name of Inventor:  Ronald S JOYCE

IX] Signatures of additional inventors on afiached shest(s)

MNatics to Invenior{s): & person may not execute this declavation unless that person has
reviewed and understands the contents of the above-identified application, including the
claims,

Nutice to Inventor(s): A person may not execute this declaration unless that person is

aware of the duty o diseloge to the UB Patent and Trademark Office gll information
known to the person to be material to patentability ax defined in 37 CFR 1.58.
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Additional Inventorisy

Legal Mame of lnventor: __ Andiew A NVOGEL

)

Sigmature of Toventor:

Date: o~ L 202

Legal Name of Inventor:  lssge H . PARK

Signature of Inventor; W

S

Drate: 10 fad peno
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METHOD FOR A FLEXIBLE CONNECTION SCHEME AND PROTECTIVE
ENCLOSURE FOR ELECTRONICS FOR THE CHASSIS OF A JUNCTION BOX OR
CHARGE SWITCH UNIT FOR AN ELECTRIC VEHICLE
Field of the Invention
[0001] This application relates generally to a chassis for an electrical device, and
more particularly, to a chassis for a power distribution assembly for use in electric trucks and

buses.
Background of the Invention

[0002] Electric vehicles, for example, electric cars, trucks and buses, conventionally
include various enclosures or chassis for housing high voltage and low voltage equipment.
The enclosures or chassis are configured to electrically and physically separate and/or shield
the equipment therein from the environment to prevent electrostatic discharge (ESD) and
physical damage to the equipment.
[0003] As the popularity of electrical vehicles increases, the variety of devices that
the equipment must connect to has also increased. In many instances, these additional devices
having several different connection-types or styles. Current enclosures or chassis are
designed to accommodate only one connection-type or style.
[0004] In addition, the enclosures or chassis often contain both high voltage
components and low voltage components, i.e., the low voltage components and the high
voltage components are mounted in the same area or space. To prevent electrical damage,
additional covers and/or boxes are needed to electrically separate and/or shield and protect
these components.
[0005] The present invention provides a modular system for quickly and efficient
connecting any one of a variety of connectors to a chassis and a means for improving the
electrical and physical separation and/or shielding of low voltage components from high
voltage components.

Brief Summary of the Invention
[0006] There is provided an assembly for housing electrical components of a power
distribution system. The assembly includes a housing and a cover for enclosing an inner
cavity of the housing. At least one connection location is on the housing and is configured for
attaching one of a plurality of adapters to the housing. Each adapter includes a body having a
surface engageable with the housing, an element for securing the body to the housing; and a
mating feature engageable with a respective mating feature of the housing for fixing an

orientation of the adapter relative to the housing.
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[0007] There is further provided an assembly for a power distribution system. The
assembly includes a housing having a recess formed on a side wall of the housing. The recess
1s configured to receive a first electrical component. A first cover encloses the recess and
electrically separates and/or shields the first electrical component from an inner cavity of the
housing. A second cover encloses the inner cavity of the housing. The inner cavity is
configured for receiving a second electrical component.

Brief Description of the Drawings
[0008] FIG. 1 is a front perspective view of an electrical assembly illustrated with
three different example adapters, according the present invention;
[0009] FIG. 2 is a front perspective view of a housing of the electrical assembly of
FIG. 1 with various components removed;
[0010] FIG. 3 is a front plane view of the housing of FIG. 2;
[0011] FIG. 4 is a front perspective view of a first or blank adapter of the electrical
assembly illustrated in FIG. 1, according to a first embodiment of the present invention;
[0012] FIG. 5 is a front exploded view of the electrical assembly of FIG. 1 illustrating
the first or blank adapter of FIG. 4 spaced from the housing of FIG. 1;
[0013] FIG. 6 is a rear perspective view of a second adapter of the electrical assembly

illustrated in FIG. 1, according to a second embodiment of the present invention;

[0014] FIG. 7 is an exploded view of the second adapter of FIG. 6 spaced from a first
connector;
[0015] FIG. 8 is a rear perspective view of a third adapter of the electrical assembly

illustrated in FIG. 1, according to a third embodiment of the present invention;

[0016] FIG. 9 is an exploded view of the third adapter of FIG. 8 spaced from a second
connector;
[0017] FIG. 10A is a front perspective view of the electrical assembly of FIG. 1 with

the adapters according to the second embodiment of FIG. 6;

[0018] FIG. 10B is a front perspective view of the electrical assembly of FIG. 1 with
the adapters according to the third embodiment of FIG. §;

[0019] FIG 11 is a front perspective of the electrical assembly of FIG. 1, illustrating a
low-voltage compartment of the assembly of FIG. 1; and

[0020] FIG. 12 is front exploded view of the low-voltage compartment of FIG. 11,

illustrating various components spaced from the housing of FIG. 2.
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Description of Example Embodiments
[0021] Referring now to the drawings, FIG. 1 shows an electrical assembly, indicated
generally at 10. Although the detailed description that follows relates to a power distribution
assembly for an electrical truck or bus, the invention can be embodied by other electrical
assemblies other than a power distribution assembly. The electrical assembly 10 includes, in
general, a housing 12, a cover 13, a plurality of adapters 50, 70, 90 and first and second
electrical connectors 85, 105. Although three example adapters are shown, it is contemplated
that various other adapters could also be used, either alone or in combination.
[0022] Referring to FIG. 2, the housing 12 is illustrated with various components
removed (such as cover 13) and includes side walls 14a, 14b, 14c, 14d and a bottom 16 that
together define an inner cavity 18 of the housing 12. It is contemplated that the housing 12
may be made using a die-cast manufacturing process wherein a thickness of the sidewalls
14a, 14b, 14c, 14c can be minimized. A plurality of connector openings 22a, 22b extend
through the side wall 14a. In the embodiment shown, the openings 22a, 22b are arranged in
pairs wherein the opening 22a is an upper opening and the opening 22b is a lower opening.
The openings 22a, 22b are illustrated as being D-shaped, but it is contemplated that the
openings 22a, 22b may have other shapes depending on the connectors (described in detail
below) that are attached to the housing 12. In the embodiment shown, two pairs of openings
22a, 22b are on a leftmost portion of the housing 12 and a single pair of openings 22a, 22b
are on a rightmost portion of the housing 12. It is contemplated that any number of openings
22a, 22b may be disposed on the side wall 14a and/or additional openings 22a, 22b may be
disposed on one or more of the remaining side walls 14b, 14¢, 14d of the housing 12.
[0023] Referring to FIG. 3, three holes 24a, 24b, 24c extend through the side wall 14a
between each pair of openings 22a, 22b. A center hole 24b of the three holes 24a, 24b, 24c is
dimensioned to receive a fastener 64 (FIG. 5). An upper hole 26a is positioned above each
upper opening 22a and a lower hole 26b is positioned below each lower opening 22b.
Although certain hole patterns are shown and described herein, it is contemplated that various
hole types, geometries, numbers, and arrangements can be used.
[0024] A locating hole 28, i.e., a mating feature, is disposed proximate the openings
22a, 22b to define a predetermine orientation of the adapters 50, 70, 90, as described in detail
below. In the embodiment shown, for the first and second pair of openings 22a, 22b on the
leftmost portion of the side wall 14a the locating hole 28 is disposed adjacent the upper
opening 22a. For the third pair of openings 22a, 22b on the rightmost portion of the side wall
14a, the locating hole 28 is disposed adjacent the lower opening 22b. The locating hole 28
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and the center hole 24b are configured for securing a chosen adapter 50, 70, 90 to the housing
12 and a predetermined orientation. Each pair of openings 22a, 22b defines a distinct
connection location that is configured to mate with one of the adapters 50, 70, 90, as
described in detail below.

[0025] Referring to FIGS. 4 and 5, a first or blank adapter 50, according to a first
embodiment is shown attached to the rightmost pair of openings 22a, 22b. The blank adapter
50 provides a “blank” outward face with no connector openings, and is used in a
configuration where electrical connectors will not be used through the openings 22a, 22b that
the blank adapter 50 is covering. In the embodiment shown, the blank adapter 50 is a
generally rectangular-shaped body and includes an outwardly extending flange 52 on the
sides of the blank adapter 50. Referring to FIG. 5, a threaded hole 54 extends through a
central portion of a back of the blank adapter 50. A locating boss 56, i.e., a mating feature,
protrudes from one corner of the back of the blank adapter 50. The threaded hole 54 and the
locating boss 56 are positioned and dimensioned to align with the center hole 24b and the
locating hole 28, respectively, as described in detail below.

[0026] Optionally, a peripheral groove 58 is formed in the back of the blank adapter
50. The peripheral groove 58 is configured and dimensioned to receive a seal element 62, i.e.,
a gasket or O-ring to define a sealed connection between the blank adapter 50 and the side
wall 14a of the housing 12.

[0027] As illustrated in FIG. 5, the blank adapter 50 is mounted to the side wall 14a
by aligning the locating boss 56 of the blank adapter 50 with the locating hole 28 in the side
wall 14a. At the same time, the threaded hole 54 in the blank adapter 50 is aligned with the
center hole 24b in the side wall 14a. The locating hole 28 is configured and positioned so that
the blank adapter 50 can be secured to the side wall 14a in only one orientation.

[0028] A fastener 64 extends from the inner cavity 18 (FIG. 2) through the center
hole 24b and threads into the threaded hole 54 of the blank adapter 50. As the fastener 64 is
tightened, the seal element 62 (if present) is compressed between the blank adapter 50 and the
side wall 14a to sealingly secure the blank adapter 50 to the side wall 14a.

[0029] Referring to FIGS. 6 and 7, a second adapter 70, accordingly to a second
embodiment is shown. Similar to the blank adapter 50, in the embodiment shown the second
adapter 70 is a generally rectangular-shaped body and includes an outwardly extending flange
72 on the sides of the second adapter 70. A threaded hole 74 extends through a central portion
of a back of the second adapter 70. A locating boss 76 protrudes from one corner of the back

of the second adapter 70. The threaded hole 74 and the locating boss 76 are positioned and
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dimensioned to align with the center hole 24b (FIG. 5) and the locating hole 28 (FIG. 5),
respectively, as described in detail above for the blank adapter 50. The second adapter 70 also
includes a peripheral groove 78 that is formed in the back of the second adapter 70. The
peripheral groove 78 is configured and dimensioned to receive the seal element 62 to
sealingly secure the second adapter 70 to the side wall 14a of the housing 12 (FIG. 5).
[0030] In addition to the foregoing features, the second adapter 70 includes a pair of
openings 82. Each opening 82 is dimensioned and positioned to receive a first electrical
connector 85. In the embodiment shown, the first electrical connector 85 is a connector type
power connection. It is contemplated that the first electrical connector 85 could be any other
type of power connection for the assembly 10.

[0031] A plurality of mounting holes 84 are positioned around the openings 82 and
are dimensioned and positioned to align with fasteners 85a of the first electrical connector 85.
The first electrical connector 85 is secured to the second adapter 70 by threading the fasteners
85a into respective mounting holes 84 of the second adapter 70. Preferably, the plurality of
mounting holes 84 are provided in an arrangement unique to only the first electrical
connector 85 such that only the second adapter 70 is useable therewith.
[0032] The second adapter 70 is secured to the side wall 14a (FIG. 5) in the same
manner as described above for the blank adapter 50, i.e., the locating boss 76 is inserted into
the locating hole 28 (FIG. 5) and the fastener 64 (FIG. 5) is threaded into the threaded hole 74
to secure the second adapter 70 to the side wall 14a (FIG. 5) in only one orientation. For
brevity, the securing of the second adapter 70 is not described in detail herein.
[0033] Referring to FIGS. 8 and 9, a third adapter 90, accordingly to a third
embodiment is shown. Similar to the blank adapter 50 and the second adapter 70, in the
embodiment shown the third adapter 90 is a generally rectangular-shaped body and includes
an outwardly extending flange 92 on the sides of the third adapter 90. A threaded hole 94
extends through a central portion of a back of the third adapter 90. A locating boss 96
protrudes from one corner of the back of the third adapter 90. The threaded hole 94 and the
locating boss 96 are positioned and dimensioned to align with the center hole 24b (FIG. 5)
and the locating hole 28 (FIG. 5) , respectively, as described in detail above for the blank
adapter 50 and the second adapter 70. Preferably, the third adapter 90 also includes a
peripheral groove 98 that is formed in the back of the third adapter 90. The peripheral groove
98 is configured and dimensioned to receive the seal element 62 to sealingly secure the third

adapter 90 to the side wall 14a (FIG. 5) of the housing 12.
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[0034] In addition to the foregoing features, the third adapter 90 includes a pair of
openings 102. Each opening 102 is dimensioned and positioned to receive a respective lug
106 of a second electrical connector 105. In the embodiment shown, the second electrical
connector 105 is a lug type power connection. It is contemplated that the second electrical
connector 105 could be any other type of power connection for the assembly 10.

[0035] The third adapter 90 also includes a locating boss 99 that extends from a front
of the third adapter 90. The locating boss 99 is positioned and dimensioned to be received
into a mating groove 105b in the second electrical connector 105. The locating boss 99 is
provided to allow the second electrical connector 105 to be secured to the third adapter 90 in
only one orientation.

[0036] A plurality of mounting holes 104 are positioned around the openings 102 and
are dimensioned and positioned to align with fasteners 105a of the second electrical
connector 105. The second electrical connector 105 is secured to the third adapter 90 by
threading the fasteners 105a into respective mounting holes 104 of the third adapter 90.
Preferably, the plurality of mounting holes 104 are provided in an arrangement unique to only
the second electrical connector 105 such that only the third adapter 90 is useable therewith.
[0037] The third adapter 90 is secured to the side wall 14a (FIG. 5) in the same
manner as described above for the blank adapter 50, i.e., the locating boss 96 is inserted into
the locating hole 28 (FIG. 5) and the fastener 64 (FIG. 5) is threaded into the threaded hole 94
to secure the third adapter 90 to the side wall 14a (FIG. 5) in only one orientation.. For
brevity, the securing of the third adapter 90 is not described in detail herein.

[0038] In the example illustrated in FIG. 1, the assembly 10 includes one blank
adapter 50, one second adapter 70 and one third adapter 90. It is contemplated that any
combination of adapters 50, 70, 90 could be used on assembly 10. For example, FIG. 10A
illustrates an assembly 110 that includes three second adapters 70 (for receiving six first
electrical connectors 85). FIG. 10B illustrates an assembly 210 that includes three third
adapter 90 (for receiving three second electrical connectors 105).

[0039] Referring to FIGS. 11 and 12, the assembly 10 may also include a low-voltage
compartment 120 that is integral with the side wall 14a of the housing 12. It is to be
understood that the low-voltage compartment 120 may be used together with the adapters 50,
70, 90 described above, or may be separately used by itself. The low-voltage compartment
120 is configured to receive electrical components, e.g., a printed circuit board (PCB) 126
and a high-voltage interlock loop (HVIL) switch 134, as described in detail below. The low-
voltage compartment 120, in general, includes a recess 122 (FIG. 12) that extends into the
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housing 12 and that is defined by an outwardly extending wall 124 and a cover 128.
Preferably the low-voltage compartment 120 is separated by a wall or the like from the inner
cavity 18 (FIG. 2) of the housing 12 that contains the high-voltage electrical components. The
recess 122 and the cover 128 are configured to electrically and physically separate and/or
shield the PCB 126 and the HVIL switch 134 from the external environment and from the
high-voltage components (not shown) in the inner cavity 18 (FIG. 2) of the assembly 10.
[0040] In the embodiment shown in FIG. 12, the recess 122 is generally rectangular-
in-shape and includes a plurality of mounting bosses 125 for securing the PCB 126 into the
recess 122. As illustrated, the PCB 126 includes a connector 126a for communication with an
external device (not shown).

[0041] The cover 128 of the low-voltage compartment 120 is secured to a periphery
of the wall 124 to enclose the recess 122. A plurality of fasteners 127 (FIG. 11) may be
provided for securing the cover 128 to the wall 124. The cover 128 may include an opening
128a for allowing the connector 126a of the PCB 126 to extend out of the recess 122.
Optionally, a gasket or O-ring 132 is positioned between a back surface of the cover 128 and
a groove 124a formed in the wall 124 to define a seal between the cover 128 to the wall 124.
[0042] The HVIL switch 134 may be disposed within the recess 122. The HVIL
switch 134 is configured to detect when the cover 13 (FIG. 11) of the assembly 10 is removed
to expose the high-voltage electrical components. Upon detection of the cover 13 (FIG. 11)
being removed, the HVIL switch 134 may provide a signal to the PCB 126 (or alternatively, a
signal to the PCB 126 may be interrupted) and the PCB 126, in turn, causes power to the
high-voltage components in the inner cavity 18 (FIG. 2) of the assembly 10 to be interrupted.
In this respect, the HVIL switch 134 is a safety switch that is configured to prevent accidental
injury to a user.

[0043] Fasteners 136 may be provided for securing the HVIL switch 134 to mounting
holes 138 in the recess 122. A sensing element 134a of the HVIL switch 134 extends through
a mating hole 142 of the recess 122 for allowing the sensing element 134a to be in a position
to detect removal or other movement of the cover 13 (FIG. 11). Preferably, the sensing
element 134a is a spring-biased contact switch that abuts a bottom surface of the cover 13
(FIG. 11) when the cover 13 is in an installed condition.

[0044] As discussed above, the PCB 126 and the HVIL switch 134 are secured to
portions of the recess 122. It is also contemplated that these components could be mounted to
a bracket (not shown) external to the recess 122. This bracket will allow these components to

be assembled in a sub-assembly and then inserted, as a unitary unit into the recess 122. In this
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respect, any electrical connections between the PCB 126 and the HVIL switch 134 can be
made in a clean, controlled environment and then tested prior to being inserted into the recess
122.

[0045] In the embodiments shown, threaded fasteners are illustrated as connecting the
adapters 50, 70, 90 to the housing 12. It is contemplated that other means of fastening may
also be used to secure to these adapters 50, 70, 90 to the housing 12, including but not limited
to, adhesives, snap connections, staking and welding.

[0046] The invention has been described with reference to the example embodiments
described above. Modifications and alterations will occur to others upon a reading and
understanding of this specification. Examples embodiments incorporating one or more
aspects of the invention are intended to include all such modifications and alterations insofar

as they come within the scope of the appended claims.
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What is claimed is:
1. An assembly for housing electrical components of a power distribution system, the
assembly comprising
a housing;
a cover for enclosing an inner cavity of the housing;
at least one connection location on the housing configured for attaching one of
a plurality of adapters to the housing; and
each adapter comprising:
a body have a surface engageable with the housing;
a means for securing the body to the housing; and
a mating feature engageable with a respective mating feature of
the housing for fixing an orientation of the adapter relative to the

housing.

2. The assembly of claim 1, wherein the means for securing the body to the housing is a

threaded hole configured to receive a threaded fastener.

3. The assembly of claim 1, wherein the mating feature is a boss extending from the
surface of the body of the adapter and the respective mating feature is an opening

configured to receive the boss.

4. The assembly of claim 1, further comprising:
a second mating feature extending from another surface of the body of
the adapter, the second mating feature configured for engaging a respective
second mating feature on an electrical connector for fixing an orientation of

the electrical connector relative to the adapter.

5. The assembly of claim 1, wherein a seal element is disposed between the surface of

the body and the housing.

6. The assembly of claim 1, wherein the adapter includes at least one hole configured to

recelve an electrical connector.

7. The assembly of claim 1, wherein a surface of the adapter facing away from the

housing is freeing of openings.
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8. The assembly of claim 1, further comprising:
a recess formed on a side wall of the housing, the recess configured to receive
a first electrical component; and
a cover for enclosing the recess and electrically separating and/or shielding the

first electrical component from the inner cavity of the housing.

9. The assembly of claim 8, wherein the first electrical component is at least one of a

printed circuit board and a high-voltage interlock loop switch.

10. An assembly for a power distribution system, the assembly comprising
a housing including:
a recess formed on a side wall of the housing, the recess
configured to receive a first electrical component; and
a first cover for enclosing the recess and electrically separating
and/or shielding the first electrical component from an inner cavity of
the housing; and
a second cover for enclosing the inner cavity of the housing, the inner cavity

configured for receiving a second electrical component.

11. The assembly of claim 10, wherein the first electrical component is at least one of a
printed circuit board and a high-voltage interlock loop switch and the second

electrical component is a high-voltage component.

12. The assembly of claim 10, further comprising:
at least one connection location on the housing configured for
attaching one of a plurality of adapters to the housing; and

each adapter comprising:
a body have a surface engageable with the housing;
a means for securing the body to the housing; and
a mating feature engageable with a respective mating

feature of the housing for fixing an orientation of the adapter

relative to the housing.
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ABSTRACT
An assembly for housing electrical components of a power distribution system. The
assembly includes a housing and a cover for enclosing an inner cavity of the housing. At least
one connection location is on the housing and is configured for attaching one of a plurality of
adapters to the housing. Each adapter includes a body having a surface engageable with the
housing, an element for securing the body to the housing; and a mating feature engageable
with a respective mating feature of the housing for fixing an orientation of the adapter

relative to the housing.
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