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ELECTRIC FRONT END ACCESSORY DEVICES ASSEMBLY

INCORPORATION BY REFERENCE TO ANY PRIGRITY APPLICATIONS
[B001] Any and all applications for which a foreign or domestic priority claim is
identified in the Application Data Sheet as filed with the present application are hereby

mcorporated by reference under 37 CF R § 1.57.

BACKGROUND
Field
[6002] This application is directed to front end accessory component assemblies and
high voltage cable and coolant assemblies and protection for the same that can be integrated into

electric vehicle systems to streamline assembly of such systems and assemblies to a vehicle.

Related Art

[6003] Electric vehicles have become more and more popular in recent vears. This is
particularly true among passenger vehicles. The use of electric motors and batteries to propel
heavy duty vehicles has been much less prevalent.

SUMMARY

[06004] There 1s a need for improved systems and strategies for equipping vehicles with
electric storage, auxiliary, and propulsion assemblies. Such should enable more than one vehicle
component to be mounted 10 a front end compartment of the vehicle assembly at the same time.
A shared frame to support multiple components 1s needed. A frame that can fit within the front
end compartment of a stock chassis and be conveniently mounted thereto i a straight-forward
manner to control and distribute current from one or more battery assemblies 1s needed. A frame
that can fit within the front end compartment of more than one stock chassis or even to any
marketed vehicle chassis and be conveniently mounted thereto with a sroall number of connection
steps would be beneficial.

[B005] In one embodiment, a front end accessory component assembly 1s provided that
mcludes a frame, a first vehicle accessory, and a second vehicle accessory.  The frame 1
configured to support vehicle accessories. The first vehicle accessory 13 mounted to the frame.

The second vehicle accessory is mounted to the frame. The frame is configured to couple the first
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vehicle accessory and the second vehicle accessory to a chassis of a vehicle such that the front end
accessory component assembly can be functionally coupled to at least two other vehicle sub-
systems.

[8006] The front end accessory component assembly greatly simplifies assembly to a
vehicle assembly. The front end accessory assembly can be pre-assembled as a unit away from
the vehicle chassis. This allows for easier connections of components within the front end
assembly because there is greater access to all sides of the frame of the front end accessory
component assembly outside of the vehicle. The front end accessory component assembly enables
connection of the accessories mounted on the frame of the front end accessory component
assembly to the vehicle assembly by moving the pre-assembled unit into position in a front end
compartment of a vehicle that would traditionally be occupied by the engine.  After the front end
accessory assembly is secured to the vehicle within the front end compartment only a few
additional connections {e.g., coolant conduits and electrical connections) are needed to integrate
the assembly with the full vehicle.

(60671 The frame of the front end accessory compounent assembly can have an
electrical component and a thermal management component coupled thereto. The electrical
component can be electrically connected to a controller in a pre-installed configuration. The
thermal management component is connected to a flud condutt in the pre~-installed configuration.
The pre-nstalied configuration can be a configuration prior to placing the frame n a front end
compartment of a vehicle assembly.

[B008] The frame of the front end accessory compounent assembly can have an
accessory power distribution unit coupled thereto. The accessory power distribution unit can be
electrically coupled with a plurality of electrical components in a pre-instalied configuration.

[6009] The frame of the front end accessory component assembly can have a heat
exchanger coupled thereto. The heat exchanger can be fluidly coupled to a plurality of segments
of a coolant loop n a pre-instalied configuration.

[8010] In another embodiment, a frame 1s provided for supporting vehicle accessory
components. The frame includes a frame array, a first tray, and a second tray. The frame array 1s
configured to provide a rigid three dimensional frame structure. The first tray is coupled with the
frame array. The first tray 1s configured to support an electrical component of a front end accessory

component assembly. The second tray is coupled with the frame array spaced apart from the first
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tray. The second tray 1s configured to support a thermal management component of a front end
accessory component assembly. The frame includes a plurality of frame system mounts. The
frame 1s configured to be connected to a chassis of a vehicle to simultanecusly mount a thermal
management component coupled with the second tray and an electrical component coupled with
the first tray to the chassis of the vehicle.

[6011] In another embodiment, an accessory component assembly is provided that
mcludes a frame, a first vehicle accessory, and a second vehicle accessory. The frame 1s
configured to support vehicle accessortes. The first vehicle accessory is mounted to the frame.
The second vehicle accessory s mounted to the frame. The frame is configured to couple the first
vehicle accessory and the second vehicle accessory to a chassis of a vehicle such that the accessory
component assembly can be functionally coupled to at least two other vehicle sub-systems.

16612] The accessory component assembly can be a front end accessory component
assembly or a rear end electric component assembly. The accessory component can be pre-
assembled to allow the components thereof to be installed together onto a front end or rear or back
end portion of a vehicle.

[6013] An electrical component and a thermal management component can be pre-
assembled to a frame of the accessory component assembly, which can be configured to mount to
a tront end of a vehicle (e g., in an engine compartment) or rear end portion of a vehicle (e.g.,
between frame ratls rearward of front wheels). The electrical component can be electrically
connected to a controller in a pre-installed configuration. The thermal management component 1s
connected to a fluid conduit in the pre~-installed configuration. The pre-installed configuration can
be a configuration prior to placing the frame in a front end compartment of a vehicle assembly or
to a frame assembly toward a rear end of a vehicle assembly.

[6014] The frame of the front or rear accessory component assembly can have an
accessory power distribution unit coupled thereto. The accessory power distribution unit can be
electrically coupled with a plurality of electrical components in a pre-installed configuration,

[0015] The frame of the front or rear end accessory component assembly can have a
coolant loop component coupled thereto. The coolant loop component can be a conduit fluidly
coupled to a component in need of cooling or to a heat exchanger of the accessory component

assembly in a pre-instalied configuration.
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[6016] In another embodiment an electric vehicle system is provided that includes a
battery assembly, an electrical load, and an electrical assembly. The battery assembly is
configured to be coupled to a vehicle at or adjacent to a cab of the vehicle. The electrical load s
configured to be disposed rearward of the battery assembly. The electrical assembly s configured
to be disposed adjacent to the battery assembly. The electrical assembly includes a circuit
configured to receive current from the battery assembly and/or to direct current to the battery
assembly. The circuit generates heat in operating on the current. The electrical assembly 1s
configured to receive coolant to remove heat from the heat generating circuit.

(60171 In another embodiment a vehicle equipping system is provided. The vehicle
equipping system includes an electrical assembly disposed i a first housing. The first housing
can contain one or a plurality of shared components, e g., components that can be dedicated to
processing current from or to a battery assembly. The vehicle equipping system further comprises
a second housing configured to be mounted to a vehicle adjacent to the first housing. The second
housing provides a modular component mounting space. The system also includes a plurality of
current processing components each of which has a ditferent form factor. The modular mounting
space of the second housing 1s adapted to selectively receive and have mounted therein a power
converter or other load or vehicle specific components. The second housing helps to increase or
maximize the use of shared components by itself being usable with different form factors
components that can be disposed therein.

BRIEF DESCRIPTION O THE DRAWINGS

[B018] Features of the invention can be better understood from the following detailed
description when read 1n conjunction with the accompanying schematic drawings, which are for
dlustrative purposes only. The drawings include the following figures:

[6019] FIG. 115 an isometric view of a vehicle assembly;

[B020] FI(z. 2 15 a top view of the vehicle assembly shown in FIG 1 with a cab
assembly removed for clanty;

[B021] FI(z. 3 1s a front perspective view of a front end assembly that includes
accessory component assemblies configured to simultaneously connect the multiple components
to a vehicle assembly and enable such components to be integrated into subsystems of the vehicle;

[6022] FIG. 4 15 a rear perspective view of the front end assembly of FIG. 3;
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[6023] FIG. 4A 15 a rear perspective view of a front end accessory component assembly
of the front end assembly of FIG. 3;

[6024] FIG. 5 15 a top exploded view of a frame and a plurality of vehicle accessories;

[B025] FI(z. 6 15 a bottom exploded view of a frame and a plurality of vehicle
acCessories;

[6026] FIG. 7 1s a top perspective view of a frame configured to be mounted in a front
end compartment to simultaneously mount multiple components in a front end compartment of a
vehicle assembly;

6027} FIG. 8 1s a bottom perspective view of the frame shown 10 FIG. 7;

[6028] FIG. 9 15 a perspective view of one of a plurality of system mounts of the frame
shown in FIG. 7;

[6029] FIG 10 15 a perspective view of a vehicle assembly with additional electric
vehicle system configurations;

[0030] FIG. 11 15 a bottom view of an electric vehicle system providing protection for
high voltage cables;

[06031] FIG. 12 1s a bottom view of a protective housing for high voltage cables witha
bottom cover removed showing the routing of cables through the housing;

[0032] FIG. 13 1s bottom view of a portion of an electric vehicle system including first
and second electrical sub-assemblies;

[6033] FIG. 14-15 are perspective and side cross-sectional views showing a debris
deflector capable of providing protection for an electric vehicle system that would be otherwise
exposed to ground debris in operation of a vehicle assembly;

[8034] FIG. 16 15 a front perspective view of a first electrical sub-assembly configured
with shared components;

{0035] FI(3. 17 is a rear perspective view of the first electrical sub-assembly of FIG.
16;

{0036] FI(z. 18 1s a front perspective view of a second electrical sub-assembly
configured with vehicle specific components;

{8037] FI(3. 19 is a rear perspective view of the second electrical sub-assembly of FIG.
18;

3

[0038] FIG. 20 shows one embodiment of a debris deflector.
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DETAILED DESCRIPTION

[B039] While the present description sets forth specific details of various embodiments,
it will be appreciated that the description 18 tllustrative only and should not be construed in any
way as hmiting. Furthermore, various applications of such embodiments and modifications
thereto, which may occur to those who are skilled in the art, are also encompassed by the general
concepts described herein.  Fach and every feature described herein, and each and every
combination of two or more of such features, 1s included within the scope of the present invention
provided that the features included in such a combination are not mutually inconsistent.

(0040} This application discloses novel electrical power systems, including a battery
assembly 100, one or more battery assemblies 100, and/or one or more of the battery assemblies
100 and a front end accessory component assembly 104, This application also 1s directed to
electric vehicle systems that can include one or more rear electric component assemblies in
combination with a battery assembly 100 and/or a front end accessory component assembly 104,
This application 15 also directed to structures for protecting cables and junctions between cables
and other components of an electric vehicle system within a vehicle assembly. By providing highly
integrated systems, a vehicle assembly 50 or a vehicle assembly 50A can be quickly, reliably and
durably equipped with an electrical power system that can include battery assemblies and
accessory component assemblies configured to be m electrical and/or fluid communication with

the battery assemblies.

L VEHICLE ASSEMBLY INCLUIDNG ELECTRICAL POWER SYSTEM

[6041] FIGS. 1 and 2 show an example of a vehicle assembly 50 that can be equipped
with one or more examples of systems disclosed herein. A fully assembled vehicle would have
more components than illustrated in FIG. 1, e.g., wheels, a hood, a cargo box disposed on the frame
assembly 54 and other components. But for simplicity of illustration these other components are
not shown. The vehicle assembly 50 includes a frame assembly 54 that includes frame members,
such as a first longitudinal frame member 54A and a second longitudinal frame member 54B. The
frame assembly 54 can be or can form a portion of a chassis. The vehicle assembly 50 can include
a cab 56 ngidly coupled to the frame assembly 54. The vehicle assembly 50 can include an

articulating connection between the cab 56 and a rear portion the frame assembly 54 m other
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embodiments. The cab 56 can be disconnectable from the rear portion, e.g., as in a tractor-trailer
configuration. Many other vehicle assemblies can form an environment for deploving examples
of systems disclosed herein.

[B6042] FI(z. 1 shows a perspective view in which a battery assembly 100 is coupled
with the frame assembly 54, The battery assembly 100 can be mounted to the frame assembly 54
across a central longitudinal axis Al (see FIG. 2) of the frame assembly 54. FIG. 2 shows that in
some examples, the battery assembly 100 is elongate along a longitudmal axis A2, The battery
assembly 100 can have a first set of sides that are parallel to the longitudinal axis A2 and a second
set of sides that are transverse to the longitudinal axis AZ. The first set of sides can be long sides
of the battery assembly 100. The battery assembly 100 can be configured such that either of the
sides parallel to the longitudinal axis A2 can be forward or rearward facing on the vehicle assembly
50 when apphed. The batiery assembly 100 can be configured such that either of the sides
transverse to the longitudinal axis A2 can be on a driver side or a passenger side of the vehicle
assernbly 50 whenapplied. The battery assembly 100 can be oriented transverse to the longitudinal
axis Al of the vehicle assembly 50 when coupled thereto. The battery assembly 100 can be
generally symmetrical about an axis perpendicular to the longitudinal axis A2 (e.g., an axis central
to the battery assembly 100 or equidistant from the end portions thereof). Tn some cases, only one
of the first set of sides has electrical connections. Symmetry to the longitudinal axis A2 provides
that at least some of the connection features, e.g., the coolant connections, can be located in the
same position regardless of which of the vertical faces across the long direction of the battery
assembly 100 1s forward facing. The battery assembly 100 can be symmetrical to the longitadinal
axis Al of the vehicle assembly 50 when the battery assembly 100 is mounted to the vehicle
assembly 50. The symmetry about the longitudimal axis A1 evenly distributes the weight of the
battery assembly 100 on the frame assembly 54. This enables a mounting system for connecting
the battery assembly 100 to the vehicle assembly 50 to include the same or similar components on
both sides of the longitudinal axis Al

[B043] FIGS. 1 and 2 tllustrate at least three manners i which a modular electric
vehicle system can be provided. Such a modular system can include the battery assembly 100.
FIG. 1 shows that the vehicle assembly SO can also have coupled therewith a front end accessory
component assembly 104, The front end accessory component assembly 104 can be a system that

can be mounted in a front end compartment 38 of the vehicle assembly 50, The front end

~J
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compartment 58 can be of the same or a similar configuration as is provided in a combustion
engine vehicle. That is, the front end compartment 58 can be or can include a space or a volume
that 1s enclosed by the chassis of the vehicle assembly 50 and by a hood (now shown for clarity).
The volume and general form of front end compartment 58 can be configured for an internal
combustion engine. The front end accessory component assembly 104 can be shaped to occupy
approximately the same volume or less volume than 1s occupied by the conventional internal
combustion engine for which the vehicle assembly 50 was originally constructed. Said another
way, the chassis including the frame assembly 54 and the front end compartment 58 can be
originally designed for or can be compatible with an internal combustion engine, but can be
diverted in manufacturing to an assembly including the front end accessory component assembly
104, This enables the end customer to elect between internal combustion engines and electric
motor propulsion of the vehicle. Some customers may require both propulsion types but may
desire the same overall vehicle configuration for other systerns and subsvstems. Thus, the electric
vehicle systems disclosed herein advantageously do not require a custom chassis or front end
compartment 58.

[0044] The front end accessory component assembly 104 can be configured to mount
within the front end compartment 38 with some mmimal modifications. For example, the front
end accessory component assembly 104 can be coupled with brackets that can mount in convenient
locations within the front end compartment S8, Such locations may be predefined by the
manufacturer of the vehicle assembly 50 or may be provided by the nstaller, for example driling
holes 1n the chassis as needed. In some embodiments, such brackets can be coupled near or even
directly on existing engine mounts that are provided for a conventional combustion engine. The
mounts that would otherwise support the engine can be used to support one or more support
brackets coupled with the front end accessory component assembly 104 in some applications.

[B045] A modular system can combine the battery assembly 100 and the front end
accessory component assembly 104 which can be placed in communication with each other, as
discussed further below. A modular system can combine the battery assembly 100 and a rear end
electric component assembly 108 which can be placed in communication with each other, as
discussed further below. The rear end electric component assembly 108 can be integrated into a
single housing. In some embodiments power distribution components can be housed in a first

electrical sub-assembly 108A and a second electrical sub-assembly 1088 such that shared
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components can be housed together and vehicle specific components can be housed separately
from shared components. As discussed further below, shared components and/or vehicle specific
components with a same form factor can be housed mn the first electrical sub-assembly 108A.
Vehicle specific components with different form factors can be housed 1n the second electrical
sub-assembly 108B. A modular system can combine the battery assembly 100 and/or an axle drive
assembly 112 which can be placed in communication with each other. A modular system can
combine a front end accessory component assembly 104 and/or a rearward or rear end electric
component assembly 108 in some embodiments. A modular system can include any two or more
of the battery assembly 100, the front end accessory component assembly 104, the rear end electric
component assembly 108, and/or the axle drive assembly 112, A modular system can include any
two or more of the battery assembly 100, the front end accessory component assembly 104, the
first electrical sub-assembly 108 A, the second electrical sub-assembly 1088, and/or the axle drive
assembly 112, The position of various components of these modular systems can be varied from
one model to another. For example, as discussed below the battery assembly 100 can be mounted
rearward of the cab 56 as in the vehicle assembly 30 (as in FIG. 1) or below the cab 56 as i the
vehicle assermbly SOA (as in FIG 10).

[0046] The front end accessory component assembly 104 can include a frame 800 that
is configured to mount to the chassis of the vehicle assembly 50 i the front end compartment 58,
The frame 800 advantageously enables a common chassis that 15 design to support an internal
combustion engines to be equipped with electrical power systems. The frame 800 preferably can
be coupled with a mount features, e.g., plate{s), bracket(s), or rib(s} that are located in space to be
positionable at, adjacent to or on a surface of the chassis or even in some applications directly on
engine mount portions of the chassis in the front end compartment 58. If placed on the surface of
the chassis, the plate(s), bracket{s), or rib(s} can be secured at pre-existing holes or at holes that
are formed in the chassis for the front end accessory component assembly 104, The overall volume
and shape as well as the mount features coupled to the frame 800 enable the front end accessory
component assembly 104 to be directly placed n the front end compartment 58 and coupled to the
chassis of the vehicle assembly 350 without significant or any modification of the structure
surrounding the front end compartment.

[6047] The front end accessory component assembly 104 also can have one or more

vehicle accessories coupled therewith so that when the frame 800 1s coupled to the frame assembly

9
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54, the accessories are simultaneously mounted to the frame assembly 54 or other chassis
component at the same time that the frame 800 15 mounted thereto. The front end accessory
component assembly 104 can include a first vehicle accessory 804 that can be a heat exchanger,
such as a chiller for controlling the temperature of coolant within an acceptable operational range.
The heat exchanger 804 can include and/or be 1n fluid communication with fluid conduits that can
be disposed between the front end accessory component assembly 104 and the battery assembly
100. The coolant conduits are configured to convey cooling fluid or coolant from the heat
exchanger 804. As discussed above, the symmetry of the battery assembly 100 about the
longitudinal axis A2 enables such conduit(s) to be fluidly coupled to either side of the battery
assembly that is parallel to the longitudinal axis A2 such that the battery assembly can have two
equivalent positions about a vertical axis. In some variations, the battery assembly 100 has a
dedicated front side and the cooling fluid conduits can be connected such that upstream (cooler)
portion of a cooling loop connects to the front side of the battery assembly 100, In other vaniations,
a battery assembly 100 with a dedicated front side can be connected such that upstream (cooler)
portion of a cooling loop connects to the rear side of the battery assembly 100,

[6048] The front end accessory component assembly 104 can include a second vehicle
accessory 808 that serves a different function from the first vehicle accessory 804, For exarple,
the second vehicle accessory 808 can include an electrical accessory such as a fluid pump to
convey coolant from the heat exchanger, which 1s one example of the first vehicle accessory 804
of the front end accessory component assembly 104 to the battery assembly 100, The second
vehicle accessory 808 could be one or more of an air compressor, a current driven component, a
controller for a thermal system, a power steering fhud pump, a heater core, a voltage converter, a
fan, power distribution unit for hugh voltage uses, power distribution unit for low voltage uses, and
any other sort of controlier that receives electric current or that controls an aspect of the operation
of the battery assembly 100 or another electrical component. The first vehicle accessory 804 and
the second vehicle accessory 808 could both be electrical components such as those listed above
or efsewhere herein. The first vehicle accessory 804 and the second vehicle accessory 808 could
both be thermal management components, such as heat exchangers in some applications.

[B8049] As explained in greater detail below, the modular electric vehicle system shown
in FIGS. 1-2 combines the front end accessory component assembly 104 and the battery assembly

100 such that front end accessory components can be placed in electrical communication and/or

10
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in fluid communication with the battery assembly 100, In some variations modular systems
combine the front end accessory component assembly 104, the rear end electric component
assembly 108, and/or one or both of the first electrical sub-assembly 108A and the second electrical
sub-assembly 108B such that thermal management, current supply or component control can be
coordinated among these assemblies. As discussed further below, a thermal management system
can mclude coolant loop branches that provide coolant pumped from the front end accessory
component assembly 104 to one or more than one rearward electric component assembly and/or
an axle drive assembly 112. Modular systems can combine the battery assembly 100 with one or
more of the front end accessory component assembly 104, the rear end electric component
assembly 108, or the axle drive assembly 112, Current can be supplied from the battery assembly
100 to the front end accessory component assembly 104 and/or one or more of the first electrical
sub-assembly 108A, second electrical sub-asserably 108B, and a load such as the axle drive
assembly 112,

[60S0] FIG. 2 illustrates that in another sense a modular system can be provided with
two or more battery assemblies 100, The battery assembly 100 in sohid lines is shown to be
augmented by a second battery assembly 100 in dashed lines. The second battery assembly 100,
illustrated in dashed line, can be located behind a first battervy assembly 100. The battery
assemblies 100 can be mounted in a linear array along the longitudinal axis Al of the vehicle
assembly 50, Ahhough not shown n FIG. 2, a location for a second or subsequent battery
assernbly 100 can be forward of the location of the sohid line battery assembly 100. A forward
location can be directly under the cab 56 i a modular system with one, two, or more than two
battery assemblies 100, When disposed directly under the cab 56 (as m FIG. 10} the battery
assembly 100 can advantageously have one or more steps directly mounted thereon to enable a
driver or passenger to enter or exit the cab 56, As discussed further below a lower step and an
upper step can be integrated into a step assembly that is supported directly by a housing of the
battery assembly 100 to enable battery units in the battery assembly 100 and the step assembly to
be simultaneously attached to the frame assembly 54 to make the assembly of the modular system
or of the battery assembly 100 to the vehicle assembly 50 more efficient for the end user. In some
cases, modular systems can be formed from a small number of variants of the batiery assembly
100, such as providing one or more battery assembly 100 with one or more steps and one or more

battery assembly 100 without steps, which variant can be combined in a system based on the need
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for or the positions of steps. Mounting the steps directly on the battery assembly 100 can enable
the vehicle assembly 50 to have a smaller lateral profile by eliminating separate support members
to support the steps.

805 In another modular system, the front end accessory component assembly 104 s
not provided. Instead, front end accessories are mounted in another manner, e.g., separately within
the front end compartment 58 or elsewhere at other locations of the vehicle assembly 50. A
modular system can include one or more battery assemblies 100 and the rear end electric
component assembly 108, A modular system can include a plurality of hattery assemblies 100 to
provide for greater range from a fully charged condition to a fully depleted condition than in a
system with only one battery assembly 100. The battery assemblies 100 are advantageously
configured for flexible connection to the vehicle assembly 50, e g, in a forward facing direction
on the frame assembly 54 or in a rearward facing direction on the frame assembly 54, In some
cases, one of the battery assembly 100 can be forward facing and another can be rearward facing.
The battery assembly 100 can be symmetrical such that forward and rearward facing mounting
ncludes providing the longitudinal axis A2 transverse to, e.g., perpendicular to the longitudinal
axis A1, The battery assembly 100 can be asymmetrical as to system connections, e.g., with
dedicated coolant inflow manifolds such that forward facing provides a dedicated inflow manifold
side of the battery assembly 100 forward of a dedicated fluid outflow mamfold when mstalled on
the frame assembly 54. The battery assembly 100 can be asymmetrical as to electrical connection
such that the power cables are only attached at one side of the battery asserbly 100,

[B052] The flexibility in connection fosters a modular system that can allow the battery
assembly 100 to be mounted to the frame assembly 54 as space permits. The symmetry of the
battery assembly 100 about the longitudinal axis A1, when provided, allows the battery assembly
100 to have the same weight balance regardiess of which of the long faces 1s forward facing when
the battery assembly 100 1s installed on the frame assembly 54. In some cases, heat transfer
systems of the battery assembly 100 allow fluid to deliver coolant to a coolant flow path in the
battery assembly 100 from either of two manifolds at the ends of the coolant flow paths. This can
allow the end user to determine whether to dedicate a shorter coolant conduit to the cooler side or
to the hotter side of the battery assembly 100. A longer conduit on the hotter side of the battery
assembly 100 may enable some heat to dissipate before entering a heat exchanger, which could

enable a smaller or less costly heat exchanger to be used. Further details of the battery assembly
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100 and systems that can incorporate the battery assembly and that can be combined with the front
end accessory component assembly 104 and other components disclosed herein are set forth in

Application No. , filed April 17, 2020 [ATTORNEY DOCKET HEX 003WQ1, the

entire contents of which are hereby incorporated by reference herein.

H. FROXNT END ACCESSORY COMPOMENT ASSEMBLIES

[60S3] FIGS. 3-4 show one example of a front end assembly 103 that can include a
front end accessory component assembly 104, The frame 800 of the front end accessory
component assembly 104 15 configured for mounting a plurality of components to the vehicle
assembly 50. The frame 800 can support the first vehicle accessory 804 and the second vehicle
accessory 808 as discussed above. The first vehicle accessory 804 can include a heat exchanger
or other component of a thermal management system. The second vehicle accessory 808 can
include one or more electrical component, as discussed above. The first vehicle accessory 804 and
the second vehicle accessory 808 can be structurally mounted to the vehicle assembly 30 following
assembly of these components or systems to the frame 800

[6054] FIGS. 7-9 shows the frame 800 shown in greater detail. The frame 800 includes
a multi-area structure for mounting a phurality of components to the frame 800, In one example,
the frame 800 1s configured to be coupled to a heat exchanger frame 900 that can be coupled to a
generally forward location of the front end accessory component assembly 104, The heat
exchanger frame 900 can be disposed to be located adjacent to, e.g., immediately behind a front
grill of the vehicle assembly 50 such that airflow can reach one or more heat exchangers. In one
approach, the frame 800 and the components mounted thereto can be secured within the front end
compartment 38 and the heat exchanger frame 900 can be coupled with the frame 800 thereafter.

[BOSSE] The frame 800 also can include a first tray 904, a second tray 908 and a third
tray 912 in one embodiment. Une or more components can be mounted to one or more of the first
tray 904, second trav 908, and third tray 912. The {irst tray 904 can provide upper area of the
frame 800 where components can be more easily accessed behind the heat exchanger zone 900
An upper surface of the first tray 904 can provide a support surface for one or more components,
e.g., for components of an electrical sub-system of the front end accessory component assembly
104. The second tray 908 can provide an area for supporting components below the first tray 904

The second tray 908 will be less accessible than the first tray 904 so components on the second
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tray 908 may be selected to include those components that would benefit from more frequent
service of repair. The separation between the top surface of the second tray 908 and the bottom
surface of the first tray 904 can enable one or more components to be mounted to the bottom of
the second tray 908 immediately above one or more components mounted to the top surface of the
second tray 908, The first tray 904 and the second tray 908 each can include one or more, e g., an
array of holes formed from top to bottom surfaces thereof for mounting purposes.

(8056} The third tray 912 can be located generally between the first tray 904 and heat
exchanger frame 900 when the frame 900 is coupled to the frame 800 The third tray 912 is
relatively easily accessible in the front end compartment 58 in embodiments where the third tray
912 15 located immediately behind the heat exchanger frame 900. The third tray 912 can be wider
than it 1s deep. That is, the lateral dimension of the frame 800 in the vicinity of the third tray 912
can be larger than the longitudinal direction, providing a shallow shelf area. In this context, the
longitudinal direction corresponds to the longitudinal axis Al of the vehicle assembly 50 when the
front end accessory component assembly 104 1s mounted in the front end compartment 38

60571 The third tray 912 can be provided with a vertical extension 913. The vertical
extension 913 can include an A or V shaped member that raises up from the top surface of the third
tray 912 providing two or more surfaces that are exposed from the top of the frame 800, which
surfaces can enable mounting of components to the frame 800. The vertical extension 913 can
have a combined surface area on the two or more surfaces that 1s greater than the span of the third
tray 912 to which the vertical extension 913 1s coupled. As discussed further below, the vertical
extension 913 can have one, two, or more than two components of the front end accessory
component assembly 104 mounted thereof.

[B058] The heat exchanger frame 900 can be separated into multiple zones for separate
heat exchangers. For example a forward heat exchanger support 902A can be provided that 1s
disposed forward of a rear heat exchanger support 902B. The forward heat exchanger support
902 A can be used to support a heat exchanger that i1s in need of greater access to cooling air. The
forward heat exchanger support 902A can support a smaller heat exchanger or one that provides
the cooling requirements of a component that 1s generating more heat. The rear heat exchanger
support 9028 can support a heat exchanger that can operate well with lesser cooling air access.

The rear heat exchanger support 902B can support a heat exchanger that is larger than the heat
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exchanger supported in the forward heat exchanger support 902ZA. The rear heat exchanger can
operate in the presence of waste heat generated by the forward heat exchanger.

[6059] The frame 800 advantageously includes a frame array 920 that supports and
joins two or more of, the first tray 904, the second tray 908, and the third tray 912. The frame
array 920 also can join the frame 800 to the heat exchanger frame 900 as discussed further below.
The frame array 920 can include vertical, horizontal, and diagonal L-shaped members. The frame
array 920 can include one or more plates to join two or more of the trays and zones together. The
frame array 920 can include one or more or an array of openings to allow additional components
to be mounted thereto.

[06060] The heat exchanger frame 900 can include a frame interface 924 configured to
mate to a heat exchanger frame interface 922 of the frame 800. The frame interface 924 and the
heat exchanger frame interface 922 can include transverse flange portions. The transverse tlange
portions can include openings or apertures configured to receive bolts to connect the heat
exchanger frame interface 922 and the frame mterface 924 together. The rear heat exchanger
support 902B can include a rearward flange 926 that 1s configure to mate with the heat exchanger
814. The forward heat exchanger support 902A can include a forward flange 928 configured to
mate with the heat exchanger 812 The rearward flange 926 advantageously is connected to the
frame interface 924, The forward flange 928 is connected to the rearward flange 926, The frame
mterface 924 can include a generally triangular plate member coupled at one end with the frame
array 920, wherein a transverse expanse can be secured to the frame interface 924,

[B061] The trays and or the frame array 920 can be coupled with or can include one or
more, e.g., two, three, or four system mounts 914. The bracket 916 can include horizontal faces
and vertical faces for positioning one or more bolt or other fastener apertures in a desired position
in space to mate with a mount member or feature within the front end compartment 58 of the
vehicle assembly 56, The bracket 916 can be supported on a lower side thereof by one or more
angle members. The bracket 916 can be coupled with a vibration 1solator 918 that is disposed
between the system mounts 914 and the nearest connecting member of the frame array 920. The
vibration isolator 918 can include a polymeric member that is sufficiently resilient for a sufficient
operational life to provide for muting or reduction of road, vehicle, and engine vibrations that
would otherwise be transferred to components of the front end accessory component assembly

104. The vibration isolator 918 can be made of rubber, a rigid plastic or another member with
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suitable shock absorbing and durability properties. The vibration isolator 918 can be formed as
cylindrical members disposed between the bracket 916 and a member of the frame array 920. A
neck region of the vibration isolator 918 can extend through the thickness of the bracket 916 m an
opening thereof. A fastener can securely connect the frame array 920 to the bracket 916 by
compression of the vibration isolator 918 between the bracket 916 and a member of the frame
array 920.

[0062] The system mounts 914 can be configured to mate to a chassis of an existing
vehicle design. The bracket 916 can be configured to reach a wall of the front end compartment
58. Apertures can be drilled through the chassis wall to factlitate such mounting. In some cases,
the brackets 916 are configured to reach engine mount locations in the front end compartment 58
such that existing support points that would otherwise be used for mounting a combustion engine
can be used to support the front end accessory component assembly 104, The lateral face of the
bracket 916 can be disposed adjacent to engine mount locations and bolts or other fasteners can be
secured through the openings m the bracket 916 and through corresponding openings at the mount
locations in the front end compartment 58

[6063] The frame 800 and the heat exchanger frame 900 can support a number of
vehicle cormponents. The frame 800 enables two or more components to be simultaneously placed
n the front end compartment 58

A, Electrical Accessory Device Intesration

[8064] FIGS. 2-6 show that the front end accessory component assembly 104 can
support electrical devices and/or controllers for electrical devices. Some of these devices support
the function of thermal management systems for removing heat from vehicle components, as
discussed further below.

[B065] FI(3. 5 shows a number of electrical components of one embodiment of the front
end accessory component assembly 104, The front end accessory component assembly 104 can
iclude an accessory power distribution unit 846 and a power converter 848, The accessory power
distribution unit 846 and the power converter 848 can be mounted in an upper area of the frame
%00, e.g., n the first tray 904. The power converter 848 can be mounted forward of the accessory
power distribution unit 846. The power converter 848 can provide a voltage conversion function
by which the voltage from the battery assembly 100 can be converted from higher voltage to lower

voltage. The battery assembly 100 can output high voltage for certain high voltage components,
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e.g. for the axle drive assembly 112, However, the battery assembly 100 can also support the
operation of a number of lower voltage components mounted on the front end accessory
component assembly 104, Current output by the battery assembly 100 can flow directly to the
accessory power distribution unit 846 in some embodiments. In other embodiments the power
distribution to the front end accessory component assembly 104 is via another assembly located in
a rearward portion of a vehicle, such as within the first electrical sub-assembly 108A discussed
below in connection with FIGS. 10 and 13-17. The accessory power distribution unit 846 can
mclude circuitry that take an mput current from the power converter 848 and provides portions of
that current to many or in some cases all of the rest of the electrical components mounted on the
front end accessory component assembly 104

(8066} One component that receives current from the accessory power distribution unit
846 15 an accessory motor 850, The accessory motor 850 can include an output shaft that drives a
transmission component, such as a belt, to provide rotation of a working shaft of an awr conditioner
compressor 852 and of a battery chiller compressor 854, The air conditioner compressor 852 can
be i a loop with a dryer receiver 847, for example. The drver receiver 847 can be mounted to an
outside surface of the frame 800, e.g., to a span of the frame array 920. The compressors driven
by the accessory motor 830 provide the function of compressing low pressure refrigerant gas ina
heat transfer circutt, as discussed further below. The accessory motor 830 can be mounted to a
lateral portion of the third tray 912, One or both of the air conditioner compressor 852 and the
battery chiller compressor 854 can be mounted to the vertical extension 913 of the third tray 912,
In one embodiment, the accessory motor 850 is mounted on one side of the vertical extension 913
and both of the air conditioner compressor 852 and the battery chiller compressor 854 are mounted
on an opposite side of the vertical extension 913,

80671 In one embodiment, a plurality of electrical components are mounted below the
first tray 904, e g, to the second tray 908. Une or more motor inverters 838 can be mounted to the
second tray 908. The motor inverters 838 can control the operation of the accessory motor 850
and of an air compressor motor 840. The air compressor motor 840 13 also connected to the second
tray 908 i one embodiment. The air compressor motor 840 can include an ocutput shaft that 1s
engaged with an air compressor 842, The air compressor 842 can supply pressurized air to

components such as air brakes in the vehicle assembly 50.

[u——y
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[6068] A fluid heater 836 can be mounted on or above the second tray 908, eg, a
flange connected to the frame array 920. The flind heater 836 can be part of a heat transfer circuit
to provide a source of heat to a cab heater, as discussed further below.

[B069] Additionally, a power steering pump 862 can be mounted to the second tray
908. The power steering pump 802 assists the driver in steering as is known.

(6070 FIG. 6 shows that the second tray 908 also can support one or more electrical
components on a lower side thereof. A first coolant pump 824 can be supported on a lower side
of the second tray 908 in one embodiment. The first coolant pump 824 can supply coolant to a
first coolant loop as discussed further below. A second coolant pump 828 can be disposed on the
lower side of the second tray 908 rearward of the first coolant pump 824. The second coolant
pump 828 can supply coolant to a second coolant loop as discussed further below. A third coolant
pump 832 can be disposed on the lower side of the second tray 908. The thud coolant pump 832
can supply coolant to a third coolant loop as discussed further below.

[6071] In some embodiments, components can be mounted to side surfaces of the
frame 800, e.g., to a side surface of the second tray 908. For example, a heater core pump 872 can
be mounted to a rear side surface of the second tray 908. The heater core purnp 872 can supply a
coolant to a circuit for supplying heat to a cab of the front end compartment 58.

[6072] Other components can be mounted to the frame 800. Light and/or low profile
components can be mounted to side surfaces of the frame 800, e.g, to lateral portions of the frame
array 920. A supervisor 844 can be mounted to the second coolant loop 820, e.g., to a lateral portion
of the heat exchanger frame interface 922, A fuse relay 845 can be mounted to a small shelf on a
iateral side of the frame array 920 of the frame 800, The fuse relay 845 can be disposed on the top

of a shelf that partially overhangs the accessory motor 850,

B. Coolant Loop Inteeration

[B8073] FIGS. 2-6 show that the front end accessory component assembly 104 can
support components of a thermal management system that supports removing heat from
components of the vehicle assembly 50. The front end accessory component assembly 104 can
coordmnate thermal management for the vehicle assembly 50, Thermal control components can be
coupled with the frame 800 of the front end accessory component assembly 104, The thermal

control components can manage heat from heat generating components mounted to the frame 800
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or mounted to the frame assembly 54 elsewhere on the vehicle assembly 50, More particularly,
the front end accessory component assembly 104 can serve cooling fluid to the battery assembly
100. The front end accessory component assembly 104 can serve cooling fluid to the rear end
electric component assembly 108, The front end accessory component assembly 104 can serve
cooling fluid to the axle drive assembly 112, either directly or through a manifold integrated into
the rear end electric component assembly 108, The frame 800 of the front end accessory
component assembly 104 and the heat exchanger frame 900 of the front end assembly 103 can
efficiently integrate core portions of one or more coolant loops.

[06074] A plurality of coolant conduits or loops can be provided in the vehicle assembly
50, which are fed and controlled from the front end accessory component assembly 104, The front
end assembly 103 can include a heat exchanger 812 disposed in the forward heat exchanger support
902A. The heat exchanger 812 can be fluidly coupled with a first coolant loop 818, Core portions
of the first coolant loop 818 not including the heat exchanger 812 can be secured to the frame 800
of the front end accessory component assembly 104, A heat exchanger outlet 813-0 can supply
fluid to the first coolant loop 818, The first coolant loop 818 can have a first segment between the
heat exchanger outlet 813-0 and a first coolant pump 824, The first coolant pump 824 can be
mounted to the frame 800, e.g., to an underside of the second tray 908 as discussed above. The
outlet of the first coolant pump 824 can supply the first coolant loop 818 downstream thereof. A
manifold mounted on the front end accessory component assembly 104 can join a volume of flud
from a coolant reservoir 816 with the volume of fluid from the heat exchanger cutlet 813-0 to
assure adequate supply to the battery assembly 100, The output of the first coolant pump 824 n
the first coolant loop 818 can be fluidly coupled to a manifold of the battery assembly 100 to
supply cooling fluid to heat generating components thereof, e.g., to battery units disposed therein.
A return line portion of the first coolant loop 818 can be disposed between the battery assembly
100 and the heat exchanger inlet 813-1. A valve, e.g., a three way valve 817, can be used to allow
a volume of coolant from a chiller 858 (or other heat exchanger) to be merged to the tlow in the
return portion of the first coolant loop 818 between the battery assembly 100 and the hot side of
the heat exchanger 812 Inone embodiment, at least a portion of the return flow in the first coolant
loop 818 from the outlet of the battery assembly 100 can be diverted to the chiller 858 in a conduit.
The flow diverted to the chiller 858 can be cooled as heat is removed from the flow within the

chiller 858, A control system can be included in the front end accessory component assembly 104
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whereby flow to the chilier 858 1s provided when the heat exchanger 812 {e.g., including a radiator}
is unable to remove enough heat from the first coolant loop 818,

[6075] In one arrangement the supply and return conduits of the first coolant loop 818
are supported by a coolant support member 819 that can be mounted to the frame assembly 54,
The coolant support member 819 can support the conduit of the first coolant loop 818 in any
suitable manner. For example, the coolant support member 819 can support a generally hotter
coolant return condutt of the first coolant loop 818 at an inboard position and a generally cooler
supply conduit of the first coolant loop 818 at a generally cutboard position. The hotter return
conduit of the first coolant loop 818 can be disposed between the cooler supply line and the
longitudinal axis Al. In one embodiment the, hotter return line of the first coolant loop 818 is
disposed at or adjacent to the longitudinal axis Al and the cooler conduit is lateral of the
longttudinal axis Al and/or the longitudinal axis Al and the hotter conduit of the first coolant loop
818. As discussed above, the first coolant loop 818 can include the three way valve 817 to divert
at least some of the flow from the outlet of the battery assembly 100 to the chiller 858 to enhance
removal of heat in the first coolant foop 818 as may be needed n certain conditions. After the
coolant has traversed the battery assembly 100, the generally hotter fluid 1s returned in downstream
portion of the first coolant loop 818 to the heat exchanger inlet 813-1. The first coolant loop 818
can include additional valves and mamifolds to achieve the desured coolant flow path.

[B8076] The front end accessory component assembly 104 mcludes a second coolant
foop 320 that can supply cooling fluid to other heat generating components of the vehicle assembly
50. The second coolant loop 820 can be coupled with a heat exchanger outlet 815-0 of a heat
exchanger 814 that can be supported by the heat exchanger frame 900 in the front end assembly
103, The heat exchanger outlet 815-O can include an outlet port on a fower portion of the heat
exchanger 814. The heat exchanger outlet 815-0 can include the outlet port and a length of conduit
extending from the cutlet port to a manifold 821, The manifold 821 can split the coolant flow
from the heat exchanger outlet 815-0O mto the second coclant loop 820 and into a third coolant
loop 822.

6077} The second coolant loop 820 extends from the manifold 821 to a second coolant
pump 828 and from the second coolant pump 828 to downstream conduits that convey the cooling
fluid away from the front end accessory component assembly 104 to heat generating components

located elsewhere on the vehicle assembly 50. The second coolant loop 820 can extend from the
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front end accessory component assembly 104 to the coolant support member 819, The coolant
support member 819 can support supply and return conduits of the second coolant loop 820
generally along the longitudinal axis Al of the vehicle assembly 50, In one embodiment, the hotter
return conduit of the second coolant loop 820 can be disposed between the cooler supply line and
the longitudinal axis Al. In one embodiment, the hotter return line of the second coolant loop 820
is disposed at or adjacent to the longitudinal axis Al and the cooler conduit is lateral of the
longitudinal axis Al and/or the longitudinal axis Al and the hotter conduit of the second coolant
loop 820. After the coolant has traversed the rear end electric component assembly 108, another
branch of the second coolant loop 820 extends to the axle drive assembly 112 A manifold can
sphit the supplied coolant into a first flow to cool components of the rear end eleciric component
assembly 108 and a second flow to cool the axle drive assembly 112, FIG 13 illustrates
embodiments in which the second coolant loop 820 15 split into a coolant loop branch 820A to
supply coolant to a first electrical sub-assembly 108A, a coolant loop branch 820B to supply
coolant to a second electrical sub-assernbly 108B, and a coolant loop branch 820C to supply
coolant to a heat generating electrical load, such as the axle drive assembly 112, Accordingly,
these embodiments show that the front end accessory component assembly 104 can supply coolant
to one or more components and to one or more assemblies located rearward of the front end
accessory component assembly 104, Coolant fluid from the axle drive assembly 112 and/or from
the rear end electric component assembly 108 returns to the front end accessory component
assembly 104 through one or more hotter return conduits. The generally hotter flund 1s returned in
the downstream portions of the second coolant loop 820 to the heat exchanger inlet 815-1. The
second coolant loop 820 can include additional valves and manifolds to achieve the desired coolant
flow path.

[6078] FIG. 2 shows that the second coolant loop 820 extends along an upper side of
the battery assembly 100. The battery assembly 100 can have a W-shaped configuration in which
a first lateral portion 204 and a second lateral portion 208 extend to a higher elevation than a central
portion 212, The central portion 212 can provide an upwardly oriented recess 216 that can receive
the first longttudinal frame member 54A and the second longitudinal frame member 548 of the
frame assembly 54. A mounting system 240 can enable a housing 200 of the battery assembly 100
to be supported on outboard lateral sides of the first longitudinal frame member 54 A and the second

longitudinal frame member 54B. Conduit of the second coolant loop 820 can extend through the
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upwardly oriented recess 216, e.g., at least partially at an elevation below the top surfaces of the
first lateral portion 204 and second lateral portion 208. The coolant support member 819 can be
configured to support the conduit of the second coolant loop 820 along a path mboard of the first
longitudinal frame member 54A and the second longitudinal frame member 548 as shown in FIG.
2.

[6079] The third coolant loop 822 can extend from the manifold 821 to a coolant
conduit between the manifold 821 and a third coolant pump 832, The third coolant pump 832 can
output a flow into a third coolant conduit 834 that extends to a mamfold that splits the flow into a
first branch 834A and a second branch 834B. The third coolant conduit branches 834A, 3348
each provide coolant flows to a plurality of downstream components. In one embodiment, the
third coolant conduit branch 834B s provided through a larger conduit in which a larger portion
of the flow from the third coolant conduit 834 1s directed by the manifold that splits the flow into
the branches. The third coolant conduit branch 8348 provides flow intially to the accessory power
distribution umt 846, The outflow of the third coolant conduit branch 834B out of the accessory
power distribution urut 846 then flows into the air compressor 842, The outflow from the aw
compressor 842 tlows nto a return manmifold 835 that merges flow into the heat exchanger inlet
8§15-1

[6080] The third coolant conduit branch 834A provides a smaller portion of the flow
from the third coolant conduit 834 mitially into the accessory motor 850, The outflow of the
cooling passage through the accessory motor 850 flows n the third coolant conduit branch 8344
to the air compressor motor 840 which s cooled thereby. The outflow of the cooling passage
through the air compressor motor 840 then flows to the power steering pump 862 to provide
cooling thereof. The outflow of the cooling passage through the power steering pump 862 flows
to the return manifold 835 to merge with other return flow therein to return coolant to the heat
exchanger inlet 815-1. The return manifold 835 is also fluidly coupled with the return passage of
the second coolant loop 820 such that output coolant fhuid from the rear end electric component
assembly 108 and/or from the axle drive assembly 112 can be merged in the return manifold 835
with other coolant in the third coolant loop 822. Thus, the heat exchanger 814 can be seen to
support flow through the second coolant loop 820 and the third coolant loop 822, The return
manifold 835 can also be coupled with a supply conduit from the coolant reservoir 816 to assure

the adequate volume of coolant is present in the third coolant loop 822
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[6081] The foregoing describes that a significant portion of three distinct coolant foops
can be mounted to the front end accessory component assembly 104 to provide a highly integrated
system. The front end accessory component assembly 104 can enable simultanesus mounting of
conduits, pumps, and controllers for a plurality of cooling loops. The front end accessory
component assembly 104 can support cooling of components mounted on the front end accessory
component assembly 104 and also on other integrated systems of an electric vehicle.

[0082] Further thermal management accessories can be integrated into the front end
accessory component assembly 104, For example, climate control for the cab of the vehicle
assembly 50 can be mounted on the frame 800. In one embodiment, a heater core pump 872 is
provided to move a heating fluid through a heating fluid loop 874, A flow can be generated by the
heater core pump 872 and can flow into the heating fluid loop 874 in an initial segment that extends
from the heater core pump 872 to a fluid heater 836, The fluid heater 836 can elevate the
temperature of the fluid in the heating fluid loop 874, The fluid heater 836 can produce an elevated
temperature in an outflow conduit thereof that can be delivered to a heater core (not shown) that
can be mounted directly to the wall of the chassis on the front end compartment 58, Heat is
removed from the fluid and a return segment of the heating fluid loop 874 returns the flud to a
manifold that supplies the inflow to the heater core pump 872, The manifold 1s also seen in FIG.
4 to have another mnput that can be coupled to the coolant reservoir 816.

[B083] The frame 800 and the heat exchanger frame 900 can support many of the
components of the first coolant loop 818, the second coolant loop 820, and the third coolant loop

822. The frame 800 can support many of the components of the heating fluid loop 874

HI. FURTHER MODULAR ASSEMBLIES

[8084] FIG. 10 shows another vehicle assembly 50A. The vehicle assembly 50A 1s
similar to the vehicle assembly 50 shown in FIGS. 1-2 other than as described differently below.
Other descriptions of the vehicle assembly 50 apply to the vehicle assembly 50A and vice-versa.
The vehicle assembly 50A provides an advantageous location for mounting the battery assembly
100 along the frame assembly 54. The battery assembly 100 can be mounted to a location of the
frame assembly 54 that 1s at least partially below the cab 56 of the vehicle assembly 50. The

position of the battery assembly 100 allows the step assembly 260 to be located closer to the entry
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point of the cab 56 than the location seen in FIG. 1. The location of the step assembly 260 shown
in FIG. 10 eases entry into the cab 56, Also, the more forward location of the battery assembly
100 seen in FIG. 10 improves weight distribution as this position puts more weight on the front
axle of the vehicle assembly 50 and also reduces weight on the rear axle. Together these benefits
mncrease and can even maximize load carrying ability.

[B085] The vehicle assembly S0A i1s equipped with a charge receptacle 124 that is
disposed on a driver side of the cab 56, The charge receptacle 124 can be an assembly including
a housing 128 enclosing a spaced accessible by a door 130. The housing 128 can be elongate such
that the housing can be mounted to the frame assembly 54 and can also extend sufficiently laterally
1o be accessible to the user. When connected to an external source, current from the external
source flows through the charge receptacle 124 to a charging system. The charging system
includes an AC charge circuit that 1s adapted to receive alternating current (AC) and to convert the
AC to duect current (DC) and to direct the DC to any of the battery assembly 100 {or multiple
battery assemblies). The first electrical sub-assembly 108A can include an AC to DC converter
disposed therein. The charging system also can include a charge circuit that 1s electrically coupled
with the charge receptacle 124 and that s adapted to provide a more rapid charge to any of these
battery assemblies. The rapid charge circuit can be disposed in a power distribution component
located adjacent to, e.g., rearward of, the battery assembly 100, as discussed further below. The
rapid charge circuit can be disposed in a power distribution component located forward of the
battery assembly 100. Where the rear end electric component assembly 108 1s provided as a single
mtegrated unit, the AC charge circutt and the rapid charge circuit can both be located 1o the same
housing. The rapid charge circuit can be adapted to receive a direct current (DC) from the charge
receptacle 124 in a manner that results 1 reaching a full charge much faster than through the AC
charge circuit. However, the AC charge circuit provides the advantage that AC current may be
available in more locations than a BC current source configured to charge the battery assemblies.
The charge receptacle 124 is configured to recetve an AC or a DU current source via a plug.

[B086] The vehicle assembly 50A also inchides components for routing and protecting
high voltage cables of the assembly, junctions between such cables, and other components of the
assembly. For example, the charge receptacle 124 can be coupled with charging cables 132 that

can extend from the housing 128 to the charging circuits, e g, located in the rear end electric
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component assembly 108 or another power distribution assembly located rearward of the charge
receptacle 124,

[6087] FIG. 10 shows an enhanced modulanty that can be provided as to power
distribution components in the vehicle assembly S0A. An eleciric vehicle system 1300 includes a
first electrical sub-assembly 108 A and a second electrical sub-assembly 108B. In one embodiment
the first electrical sub-assembly 108A is configured with shared or generally applicable
components and the second electrical sub-assembly 1088 is configured with one or more vehicle
spectfic power distribution components. In another embodiment the first electrical sub-assembly
108 A 1s configured with vehicle specific components that have a shared form factor and the second
electrical sub-assembly 108B is configured to house components with different form factors. The
first electrical sub-assembly 108A can include a first housing 1304 configured to enclose current
conveying circuits, such as fuses 1308 The fuses 1308 can be shared components that function
properly on different vehicle types and configurations and with different vehicle sub-components.
The first electrical sub-assembly 108A can house the AC charge circuit and/or the fast charge
circutt described above. The first electrical sub-assembly 108A can house the power distribution
circuitry, or power distribution unit, as discussed further below. In some cases, the fuses 1308 are
examples of vehicle components that may be specific to a rear vehicle load, such as an axle drive
assernbly 112, but that generally have a shared form factor that fits within the first housing 1304.

[B088] The first electrical sub-assembly 108A can provide additional junction. For
example an alternating current connection 1310 can be provided to connect to a cable coupled with
or configured to be coupled with an AC power source. The alternating current connection 1310
can be disposed on a forward side of the first electrical sub-assembly 108A. Also, a low voltage
connection 1311 can be provided for connection to a low voltage current source. The low voltage
connection 1311 can supply current to control circuits disposed in the first electrical sub-assembly
108A, 11 the second electrical sub-assembly 108B, or in both of the electrical sub-assemblies
108A, 1088,

[B08Y] The second electrical sub-assembly 108B can mclude a second housing 1320
that can enclose vehicle or component specific power distribution components. The second
housing 1320 can include one or more power converters 1324, The power converters 1324 can be
configured to convert power inbound to the second housing 1320 to foad specific power to the axle

drive assembly 112 or other electrical load. The power converters 1324 may have different form
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factors as applied to different axie drive assemblies 112. By separating vehicle and/or component
spectfic power distribution components into the second electrical sub-assembly 108B, e.g., into
the second housing 1320, the electric vehicle system 1300 can rely on a greater use of shared
components and assemblies while accommodating a range of different axle drive assemblies.
Providing the second electrical sub-assembly 108B facilitates multiple source supply in a cost
efficient manner by allowing vehicle components with different form factors disposed in the
second housing 1320 while still allowing the shared components to be disposed in the first
electrical sub-assembly 108A on a vehicle.

[0090] The routing of power through the electric vehicle system 1300 can include a
plurality of high voltage cable junctions to facilitate connection to the first electrical sub-assembly
108A and the second electrical sub-assembly 108B. In one embodiment one or a plurality of
junctions 1312A s provided on a forward facing side of the first housing 1304, The junctions
1312A are configured to be connected to conductors or conductor pairs, such as high voltage cables
1314A. The junctions 1312A can recetve current from the battery assembly 100, Current can also
flow through the junctions 1312A from the charge receptacie 124 to the battery assembly 100
when the system is charging under the control of the charging circuits in the first electrical sub-
assembly 108A. The cables 1314A can have a first end coupled with the battery assembly 100
and a second end coupled with the junctions 1312A (shown in FIG. 14). The first electrical sub-
assembly 108A can convey the current through circuits and may process the current to some extent,
e.g., by flowmg the current through fuses 1308, The first electrical sub-assembly 108A can convey
the current to the battery assembly 100 through the AC and/or fast charging circuits disposed mn
the first housing 1304, which current can be received through the charging cables 132 coupled
with junctions I1312F. In one embodiment the first electrical sub-assembly 108A inchudes a charge
component that 1s separate from a power distribution component. FIG. 16 shows the charge
component being disposed over the power distribution component, with both mounted in the first
housing 1304, The charge component and the power distribution components can be integrated
mto a single unit or within a single housing or frame in some embodiments. The current from the
charging cables 132 can be received in the charging component at the junctions 1312F. Current
out of the charging component can be routed via a cables (not shown) extending between the
charging component and the power distribution component and connected to the junctions 1312G.

The power distribution component can be configured to direct current from the charging cables
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132 connected to the junctions 1312F and through the connecting cable to the cables 1314A
disposed between the first electrical sub-assembly 108A and the battery assembly 100.

[6091] The first housing 1304 can have a plurality of junctions 1312B disposed on a
rearward side of the first housing 1304, The junctions 1312B can be connected to conductors such
as high voltage cables 13148 that can be routed to and thereafter connected to junctions 1312C
disposed on one or more power converters 1324 mounted to the second housing 1320, The power
converters 1324 can include junctions 1312D configured to be connected to conductors to supply
current to a load such as an axle drive assembly 112. FIG. 14 shows that conductors, such as high
voltage cables 1314C, can extend from the junctions 1312D to the axle drive assembly 112 or
another load located rearward of the second electrical sub-assembly 108B. The junctions 1312D
can be routed over the top of the second housing 1320 which provides easier access and additional
protection to the cables 1314C.

[0092] Power from the electric vehicle system 1300 processed through the furst
electrical sub-assembly 108A or the second electrical sub-assembly 1088 (or the rear end electric
component assembly 108 if combined) can be routed forwardly to the front end accessory
component assembly 104, A plurality of junctions 1312E can be located on a rearward side of the
first electrical sub-assembly 108A. One or more cables 1314D can be coupled with the junction
1312F and can extend from the junctions 1312E to the front end accessory component assembly
104, FIG. 13 shows that the cables 1314D extend from the rearward side of the first electrical sub-
assembly 108A through an aperture 1306 in the first housing 1304 to be routed forwardly along
the frame assembly 54 to the front end accessory component assembly 104, Tn this arrangement
fuses and other circuits for conveying the current supphed by the battery assembly 100 can be
disposed m a common electrical sub-assembly, e g, together in one housing that can be mounted
at a rearward portion of the a vehicle.

[B093] Routing of cables through the frame assembly 54 can be provided and protected
by a number of assemblies. A high voltage cable support assembly 1340 can be provided to protect
cables 1314A conveying current between the battery assembly 100 and the first electrical sub-
assembly 108A both to and from the battery assembly 100. The high voltage cable support
assembly 1340 can also protect the cables 1314D conveving current to the 1front end accessory

component assembly 104, The high voltage cable support assembly 1340 can also protect the
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charging cables 132 conveying current to the battery assembly 100 by way of the first electrical
sub-assembly 108A (or the rear end electric component assembly 108 if a single housing is used).

[6094] The cables 1314 A can be connected to the battery assembly 100 and can extend
rearward therefrom through the high voltage cable support assembly 1340 to the first electrical
sub-assembly 108A. FIG. 12 shows that a span of the cables 1314A the cables 1314D, and/or the
charging cables 132 can be supported in the high voltage cable support assembly 1340, The high
voltage cable support assembly 1340 can have or can define a plurality of spaced apart channels
that can each be configured to enclose one of the cables 1314A, 1314D, 132, The high voltage
cable support assembly 1340 is configured to be disposed between the battery assembly 100 and
the first electrical sub-assembly 108A. The high voltage cable support assembly 1340 can include
a housing 1342 that encloses the cables 1314A, 1314D, 132 on both sides. The housing 1342
includes a lower shell 1344 and an upper shell 1348, A space between the lower shell 1344 and
the upper shell 1348 can be segmented to house the cables 1314A, 1314D, 132, In one
embodiment, one or a plurality of mounts 1356 can be secured to an inside surface of one or both
of the lower shell 1344 and the upper shell 1348, The mounts 1356 can provide a pair of facing
surfaces that partially surround a segment of one or more of the cables 1314A, 1314D, 132 The
mounts {356 can include a lower mount with a first semicircular surface and an upper mount with
a second semicircular surface. The first and second semi-circular surfaces can extend around and
engage small lengths of the cables 13144, 1314D, 132 to hold the cables i place within the high
voltage cable support assembly 1340, The first and second semi-circular surfaces can form parts
of a clamp to retain the cables 1314A, 1314D, 132 agamst sliding within or longitudinal translation
relative to the housing 1342,

[B095] The lower shell 1344 can nclude a lower surface that can deflect rocks and
other debris from the road or ground as the vehicle assembly S0A 1s moving. Thus the high voltage
cable support assembly 1340 provides for organized routing and protection for the cables 1314A,
1314D, 132, FIG. 12 shows that the cables 1314A, 1314D, 132 can extend into the housing 1342
from a forward end and can extend out of the housing at a rearward end. A length of the cables
1314A that extends from the battery assembly 100 can extend into the housing 1342 at the forward
end of the housing 1342, A length of the cables 1314A that extends to the first electrical sub-
assembly 108A {or to the rear end electric component assembly 108 if a single housing 1s provided)

from the housing 1342 can extend from the rearward end of the housing 1342. A rearward length
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of the cables 1314D that 1s coupled with the first electrical sub-assembly 108A, e g, to a rearward
side of the first housing 1304, can extend to the housing 1342 and a forward length of the cables
1314D can extend from the forward end of the housing 1342 to the front end accessory component
assembly 104, A forward length of the charging cables 132 that is coupled with the housing 128
of the charge receptacle 124 can extend to the housing 1342 and a rearward length of the charging
cables 132 can extend from the housing 1342 to the first electrical sub-assembly 108A, eg. toa
forward side of the first housing 1304, In one modified embodiment, the rear end electric
component assembly 108 s provided and rearward portions of the cables 1314A, 1314D, 132 are
connected to junctions on the housing thereof.

[6096] The cables 1314D that convey current from to the front end accessory
component assembly 104 can be secured by a plurality of mounts 1356, e.g., by the mounts 1356
and can extend through and can convey current forwardly through the housing 1342 toward the
front end of the vehicle assembly 530A. The cables 13141 can extend through an upwardly oriented
recess 1412 (See FIG. 1) of the battery assembly battery assembly 100, The upwardly ornented
recess 1412 or concavity of the battery assembly 100 can be disposed between lateral portions of
a housing of the battery assembly 100. The lateral portions of the battery assembly 100 can enclose
battery units. At least a portion of a span of the cables 1314D can extend through a space enclosed
on at least three sides with battery units disposed in one or more housings. At least a portion of a
span of the cables 13141 can extend through a space enclosed on at least three sides with battery
units disposed m one or more housings and a lower side of a vehicle assembly, e.g., a bottom
portion of a cab assembly.

[6097] FIGS. 11-14 show that the cables 1314A, 1314D, 132 can traverse from the
housing 1342 toward the first electrical sub-assembly 108A to corresponding cable junctions, e.g.,
to the junctions 1314A, 1314E, 1314F. This expanse of the cables 1314A, 1314D, 132 can be
protected by a debris deflector 120, In one form, the debris deflector 120 includes a forward facing
surface 1384, The forward facing surface 1384 is configured to be disposed forward of the
junctions 1314A, 1314E, 1314F or other cable interface. The forward facing surface 1384 can be
part of the debris deflector 120. The debris deflector 120 can have a concave configuration with
an upwardly facing recess 1392, The recess 1392 can at least partially enclose the first electrical
sub-assembly 108A and/or the second electrical sub-assembly 108B. The upwardly facing recess

1392 can be enclosed on one or both sides by side panels 1394, The debris deflector 120 can

29



CA 03136950 2021-10-14

WO 2020/215023 PCT/US2020/028866

mclude a forward edge 1396 that 15 configured to be disposed forward of the junctions 1312A.
The forward edge 1396 can be disposed along the top of the forward facing surface 1384, The
forward facing surface 1384 can be connected to forward portions of one or both of the side panels
1394, The debris deflector 120 can include a lower surface 1400 configured to be disposed below
the first electrical sub-assembly 108 A and/or the second electrical sub-assembly 1088, The lower
surface 1400 can be connected to bottom edges of the side panels 1394, The debris deflector 120
can extend to a rearward edge 1404 configured to be disposed rearward of a rearward facing side
of the second electrical sub-assembly 108B. The rearward edge 1404 can extend along a top
portion of a rearward facing surface that is connected at its lateral ends to rearward edges of the
side panels 1394, In one embodiment, the forward facing surface 1384, the side panels 1394 and
the rearward facing surface bounded by the side panels 1394 and the rearward edge 1404 can
provide an enclosed volume of the upwardly facing recess 1392,

[0098] The debris deflector 120 can be coupled with the frame assembly 34 in any
suitable manner. For example the debris deflector 120 can include a plurality of brackets 1408,
The plurality of brackets 1408 are configured to support a deflection member, e g., the concave
lower shell of the debris deflector 120, from one or more frame rails of a vehicle chassis. The
plurality of brackets 1408 can extend upwardly from an outside surface of the side panels 1394,
The plurality of brackets 1408 can extend to a position along an ouiside surface of the first
longitudinal frame member S4A and to an outside surface of the second longitudinal frame
member 548 in use. The plurality of brackets 1408 aliow the debris deflector 120 to be mounted
to the vehicle assembly S0A either as ongmally assembled or as a retrofitted accessory.

[6099] The upwardly facing recess 1392 can be configured with a depth that allows a
variety of components to be disposed o the recess. FIG. 15 shows that the second electrical sub-
assembly 108B can extend to a posttion adjacent to the inside of the lower surface 1400 providing
small or no clearance therebetween. In some cases, the second electrical sub-assembly 1088 can
be a shallower assembly where a larger clearance may be provided between a lower side of the
second electrical sub-assembly 108B and the inside of the lower surface 1400. Thus, the debris
deflector 120 can be modular 1n allowing a variety of electrical sub-assemblies to fie within the
upwardly facing recess 1392 In another approach, the second electrical sub-assembly 108B has
a second housing 1320 that is configured to fit components of different dimensions such that the

height of the second electrical sub-assembly 1088 and the clearance in the debris deflector 120 15
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the same for various vehicle configurations but the clearances within the second housing 1320,

e.g., between the components and upper and lower plate thereof can vary from one vehicle

configuration to another.

[8100] The vehicle assembly 50A mncludes provision for routing coolant to rearward
components. The vehicle assembly 50A includes a second coolant loop 820 that routes rearwardly
from the front end accessory component assembly 104, The second coolant loop 820 can have a
coolant loop branch 820A that can split a portion of the coolant to the first electrical sub-assembly
108A. The coolant loop branch 820A can be secured to the second coolant loop 820 ata T-junction
whereby a portion of the flow in the second coolant loop 820 1s diverted through the first electrical
sub-assembly 108A. The coolant loop branch 820A can connect to a coolant junction 1420
disposed on the first housing 1304, The cool side of the coolant foop branch 820A can flow into
the first electrical sub-assembly 108A to cool the components thereof. The warm side of the
coolant loop branch 820A can flow back to the warm side of the second coolant loop 820. The
second coolant loop 820 can also include a coolant loop branch 820B. The coolant loop branch
8208 1s configured to split a portion of the coolant in the second coolant loop 820 to flow into the
second electrical sub-assembly 108B. The coolant loop branch 820B can be secured to the second
coolant loop 820 at a T-junction. The T-junction can cause a fraction of the coolant in the second
coolant foop 820 to flow to the second electrical sub-assembly 108B. The coolant loop branch
&208 can flow cool side coclant to a coolant junction 1424 disposed on the second housing 1320,
After flowing through the second electrical sub-assembly 108B, e.g., through the power converters
1324, the warm coolant can be merged into the warm side of the second coolant loop 820.

[6101] The coolant 1n the second coolant loop 820 that does not flow to the first
electrical sub-assembly 108A or the second electrical sub-assembly 108B continues on in a coolant
loop branch 820C that flows to a further rearward components needing cooling, for example, the
axle drive assembly 112,

[6102] As discussed above, the second electrical sub-assembly 108B provide
modularity in enabling components with different form factors or other vehicle specific features
to be flexibly provided n a vehicle assembly. The second housing 1320 of the second electrical
sub-assembly 108B is configured to provide a flexible components mounting in a component
mounting space 1440, The component mounting space 1440 can be defined between an upper

plate 1444 and a lower plate 1448, The vertical size of the component mounting space 1440 can
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be defined by one or a plurality of supports columns 1452, The supports columns 1452 can be
configured as plate members that extend along a portion of one or more sides of the second housing
1320. In one embodiment, the supports columns 1452 span between the upper plate 1444 and the
lower plate 1448 on three of the four sides of the second housing 1320 to leave one side {in the
illustrated embodiment the forward side) open to allow for positioning the power converters 1324
m the component mounting space 1440, The housing power converters 1324 can be mounted to a
top side of the upper plate 1444, 1o a lower side of the lower plate 1448 or to one or both of the
upper plate 1444 and the lower plate 1448 To increase the rigidity of the second housing 1320
one or both of the upper plate 1444 and the lower plate 1448 can have a folded end portion. For
example, the upper plate 1444 and/or the lower plate 1448 can be made of sheet metal with a ninety
degree bend at one or both ends. Bends can be provided at both ends and when so provided can
extend in opposite directions, as seen in FIG. 18

[0103] A lower portion of the second electrical sub-assembly 108B can mclude a
contactor component 1454, The contactor component 1454 provides an ability to break the circutt
between the first electrical sub-assembly 108A and the second electrical sub-assembly 108B. In
particular, one of the cables 1314B of each pair of cables 13148 can be coupled directly to the
power converters 1324 and the other cable of the pair of cables 13148 can be coupled to one of
the junctions 1435 A separate cable can span from the junctions 14535 to the power converters
1324, Thus the contactor component 1454 can be placed in the current flow path from the fust
electrical sub-assembly 108A to the power converters 1324 to enable the flow of current to the
power converters 1324 to be broken as needed, etther by disconnecting the connection between
the junctions 1455 and the power converters 1324 or by operation of a circuit within the contactor
component 1454

[6104] An upper portion of the second electrical sub-assembly 1088 can be provided
for mounting a drive control module 1453, The drive control module 1453 can be configured to
control the operation of the axle drive assembly 112 in various embodiments. Thus the second
electrical sub-assembly 1088 can be provided to organize both for converting the power delivered
by the battery assembly 100 to the axle drive assembly 112 and for controlling the operation of the
axle drive assembly 112, including the application of torque to wheels of the vehicle assembly.

[6105] The second housing 1320 can also provide for supporting a span of the second

coolant loop 820. In one embodiment a plurality of coolant supports 1456 can be provided. Inthe
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Hlustrated embodiment a forward plurality of coolant supports 1456 can be provided toward a
forward side of the second housing 1320 and a rearward plurality of coolant supports 1456 can be
provided toward a rearward side of the second housing 1320 An upper one of the forward plurality
and an upper one of the rearward plurality of coolant supports 1456 can support a first leg (e.g.,
the hot or cool side) of the coolant loop branch 820C. A lower one of the forward plurality and a
lower one of the rearward plurality of coolant supports 1456 can support a second leg {(e.g., the
cool or hot side} of the coolant loop branch 820C. The coolant supports 1456 can comprise ring
clamps 1438, e g., hose clamps, supported from above by flanges. The second housing 1320 thus
can support a portion of the coolant system of the electric vehicle system 1300 on an external area
thereof. In contrast, the first housing 1304 of the first electrical sub-assembly 108A can include a
through-hole or passage within which coolant supports 1456 can be disposed. The coolant
supports 1456 of the first electrical sub-assembly 108A can be surrounded by walls of the first
housing 1304 to retain and to protect the coolant loop 820 following the T-branch that separates
coolant to flow to the first electrical sub-assembly 108A to dissipate heat of components therein.

[6106] The second electrical sub-assembly 108B has additional features that can also
be seen in the first electrical sub-assembly 108A and thus will be described chiefly in connection
with the second electrical sub-assembly 108B. Such description applies to the first electrical sub-
assembly 108A and to other components with sumilar features. The upper plate 1444 has a plurality
of mounts 1476 disposed on a top surface thereof to mount cables 1314C thereto. FIG. 18 shows
that a forward mounts 1476 and a rearward mounts 1476 on one side of the second housmg 1320
18 provided to allow for two points of securement of a plurality of, e.g., three, cables 1314C to the
top side of the second housing 1320, A forward mounts 1476 and a rearward mounts 1476 on an
opposite side of the second housing 1320 1s provided to allow for two points of securement of a
plurality of, e.g., three, cables 1314C to the top side of the second housing 1326, Thus, the mounts
1476 control the position of and himit unwanted movement of the cables 1314,

[6187] The first electrical sub-assembly 108A and the second electrical sub-assembly
1088 can be secured to the frame assembly 54 by a suitable approach. For example, FIG. 18 shows
that a plurality of, e.g., four, mounting assemblies 1464 can be provided for mounting the second
housing 1320 to inside surfaces of the first longitudinal frame member 54A and the second
longitudinal frame member 54B. The mounting assemblies 1464 can each include a flange 1468

and a vibration isolator 1472, The vibration isolator 1472 can be disposed on both sides of the
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upper plate 1444, The flange 1468 can be secured to a top portion of the vibration isolator 1472
above the upper plate 1444, The flange 1468 can be a right angle flange, e g, with an outer portion
thereot bent 90 degrees relative to a portion of the flange 1468 coupled to the vibration solator
1472. The flange 14068 also can have one or a plurality of, e.g., two, ribs disposed on a top and/or
bottom side thereof. The second electrical sub-assembly 108B can include forward and backward
mounting assemblies 1464 on each side to provide two points of mounting on each side of the
frame assembly 54. FIGS. 14-17 show that the first electrical sub-assembly 108A can be mounted
m a very simtlar fashion to the second electrical sub-assembly 108B. That is the mounting
assemblies 1464 can be coupled directly or indirectly to the first housing 1304. The mounting
assemblies 1464 can then secure the first electrical sub-assembly 108A to inside surfaces of the
first longitudinal frame member 54A and the second longitudinal frame member 54B.

[6108] While certain embodiments of the inventions have been described, these
ernbodiments have been presented by way of example only, and are not intended to linut the scope
of the disclosure. Indeed, the novel methods and systems described herein may be embodied in a
variety of other forms. Furthermore, various omissions, substitutions and changes in the systems
and methods described herein may be made without departing from the spirit of the disclosure.
The accompanying claims and their equivalents are intended to cover such forms or modifications
as would fall within the scope and spinit of the disclosure. Accordingly, the scope of the present
mventions 18 defined only by reference to the appended claims.

[6169] Features, materials, characteristics, or groups described 1 conjunction with a
particular aspect, embodiment, or example are to be understood to be applicable to any other
aspect, embodiment or example described 1n this section or elsewhere in this spectfication unless
mcompatible therewith,  All of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), and/or all of the steps of any method or process so
disclosed, may be combined in any combination, except combinations where at least some of such
features and/or steps are mutually exclusive. The protection s not restricted to the details of any
foregomg embodiments. The protection extends to any novel one, or any novel combination, of
the features disclosed in this specification (including anv accompanying claims, abstract and
drawings}, or to any novel one, or any novel combination, of the steps of any method or process

s0 disclosed.
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[6110] Furthermore, certain features that are described in this disclosure in the context
of separate implementations can also be implemented 1n combination in a single implementation.
Conversely, various features that are described in the context of a single implementation can also
be mmplemented in multiple implementations separately or in any suitable subcombination.
Moreover, although features may be described above as acting in certain combinations, one or
more features from a claimed combination can, in some cases, be excised from the combination,
and the combination may be claimed as a subcombination or variation of a subcombination.

[0111] Moreover, while operations may be depicted in the drawings or described in the
specification 1n a particular order, such operations need not be performed in the particular order
shown or in sequential order, or that all operations be performed, to achieve desirable results.
Other operations that are not depicted or described can be incorporated in the example methods
and processes. For example, one or more additional operations can be performed before, after,
simultaneously, or between any of the described operations. Further, the operations may be
rearranged or reordered in other implementations. Those skilled in the art will appreciate that in
some embodiments, the actual steps taken in the processes illustrated and/or disclosed may ditter
from those shown in the figures. Depending on the embodiment, certain of the steps described
above may be removed, others may be added. Furthermore, the features and atinibutes of the
specific embodiments disclosed above may be combined in different ways to form additional
embodiments, all of which fall within the scope of the present disclosure. Also, the separation of
various system components i the implementations described above should not be understood as
requiring such separation in all implementations, and 1t should be understood that the described
components and systems can generally be mtegrated together 1n a single product or packaged mto
multiple products.

[6112] For purposes of this disclosure, certain aspects, advantages, and novel features
are described herein. Not necessarily all such advantages may be achieved 1n accordance with any
particular embodiment. Thus, for example, those skitled in the art will recognize that the disclosure
may be embodied or carried out in a manner that achieves one advantage or a group of advantages
as taught herein without necessarily achieving other advantages as may be taught or suggested
heremn.

2

[6113] Conditional language, such as “can,” “could,” “might,” or “may,” unless

specifically stated otherwise, or otherwise understood within the context as used, is generally
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intended to convey that certain embodiments include, while other embodiments do not include,
certain features, elements, and/or steps. Thus, such conditional language 1s not generally intended
to imply that features, elements, and/or steps are in any way required for one or more embodiments
or that one or more embodiments necessarily include logic for deciding, with or without user input
or prompting, whether these features, elements, and/or steps are included or are to be performed
m any particular embodiment.

[0114] Conjunctive language such as the phrase “at least one of X, Y, and 2,7 unless
spectfically stated otherwise, 1s otherwise understood with the context as used in general to convey
that an item, term, etc. may be either X, Y, or Z. Thus, such conjunctive language 1s not generally
mtended to imply that certain embodiments require the presence of at least one of X, at least one
of Y, and at least one of Z.

39 6

[6115] Language of degree used herein, such as the terms “approximately,” “about,”
“generally,” and “substantially” as used herein represent a value, amount, or characteristic close
to the stated value, amount, or charactenistic that still performs a deswred function or achieves a
desired result. For example, the terms “approximately”, “about”, “generally,” and “substantially”
may refer to an amount that s within less than 10% of, within less than 5% of, within less than 1%
of, withun less than 0.1% of, and within less than 0.01% of the stated amount. As another example,
in certain embodiments, the terms “generally paraliel” and “substantially parallel” refer to a value,
amount, or characteristic that departs from exactly parallel by less than or equal to 15 degrees, 10
degrees, 5 degrees, 3 degrees, 1 degree, or 0.1 degree.

[B8116] The scope of the present disclosure 1s not intended to be limited by the specific
disclosures of preferred embodiments 1n this section or elsewhere 1 this specification, and may be
defined by claims as presented in this section or elsewhere 1 this specification or as presented in
the future. The language of the claims is to be mterpreted broadly based on the language employed

in the claims and not limited to the examples described in the present specification or during the

prosecution of the application, which examples are to be construed as non-exclusive.
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WHAT IS CLAIMED IS:

1. A front end accessory component assembly, comprising:

a frame configured to support vehicle accessories;

a first vehicle accessory mounted to the frame;

a second vehicle accessory mounted to the frame;

wherein the frame is configured to simultaneously couple the first vehicle accessory
and the second vehicle accessory to a chassis of a vehicle such that the front end accessory
component assembly can be functionally coupled to at least two other vehicle sub-systems.

2. The front end accessory component assembly of Claim 1, wherein the first vehicle
accessory comprises an electrical component and the second vehicle accessory comprises a
thermal management component.

3. The front end accessory component assembly of Claim 2, wherein the electrical
component comprises an accessory power distribution unit.

4. The front end accessory component assembly of Claim 2, wherein the thermal
management component comprises a heat exchanger,

5. The front end accessory component assembly of Claim 4, wherein the heat exchanger
comprises a coolant chuller.

6. The front end accessory component assembly of Claim 2, wherein at least the electrical
component 15 electrically connected to a controlier and the thermal management component is
connected to a fluid conduit in a pre-installed configuration.

7. A front end assembly, comprising the front end accessory component assembly of
Claim 1 and a heat exchanger assembly comprising a first heat exchanger configured to provide a
first flow of coolant to a battery assembly and the second vehicle accessory component comprises
a second heat exchanger configured to provide a second flow of coolant to a rear end electric
component assembly.

8. The front end assembly of (laim 7, further comprising a heat exchanger frame
configured to support the first heat exchanger in a vertical orientation and the second heat
exchanger in a vertical orientation disposed rearwardly of the first heat exchanger, the heat
exchanger frame being coupled to the frame.

9. A front end assembly, comprising the front end accessory component assembly of

Claim 1 and a heat exchanger assembly comprising a heat exchanger configured to provide a first

(PN
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flow of coolant to a rear end electric component assembly and a second flow of coolant to
accessories mounted to the frame.

10. The front end assembly of Claim 9, further comprising a manifold fluidly coupled to a
heat exchanger outlet of the heat exchanger, the manifold configured to separate an inflow volume
mnto the first flow of coolant and the second flow of coolant.

11. A front end assembly, comprising the front end accessory component assembly of
Claim 1 and a coolant conduit assembly comprising a support member configured to couple a first
heat exchanger fluid conduit to a frame assembly of a vehicle assembly and configured to couple
a second heat exchanger fluid conduit to the frame assembly.

12. The front end assembly of Claim 11, wherein the first heat exchanger fluid conduit
conveys fluid at a first temperature in use and the second heat exchanger fluid conduit conveys
fluid at a second temperature i use, the first temperature being lower than the second temperature,
and wherein the support member is configured to support the first fluid conduit outboard of the
second fluid conduit.

13. The front end assembly of Claim 12, wherein the support member is configured to
couple a third heat exchanger fluid conduit and a fourth heat exchanger fluid conduit to a frame
assembly, the first and second heat exchanger fluid conduits comprising a portion of a first coolant
loop and the third and fourth heat exchanger fluid conduits comprising a portion of second coolant
loop.

14, The front end accessory component assembly of Claim 1, wheremn the first vehicle
accessory includes an accessory power distribution unit and the second vehicle accessory mcludes
a power converter,

15. The front end accessory component assembly of Clamm 14, further comprising an
accessory motor and a pump.

16. The front end accessory component assembly of Claim 1, wherein the first vehicle
accessory comprises a heat exchanger and the second vehicle accessory includes a segment of a
coolant foop.

17. The front end accessory component assembly of Claim 16, wherein the heat exchanger
comprises a chiller and the segment of the coolant loop includes a manifold in fluid commumication

with the chiller and configured to be fluidly coupled with a radiator.
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18. The front end accessory component assembly of Claim 1, whergin the first vehicle
accessory comprises an accessory power distribution unit electrically coupled with a plurality of
electrical components in a pre-installed configuration.

19. The front end accessory component assembly of Claim 1, wherein the second vehicle
accessory comprises a heat exchanger fluidly coupled to a plurality of segments of a coolant loop
m a pre-installed configuration.

20. A frame for supporting vehicle accessory components, comprising:

a frame array configured to provide a rigid three dimensional frame structure;

a first tray coupled with the frame array, the first tray configured to support an
electrical component of a front end accessory component assembly;

a second tray coupled with the frame array spaced apart from the first tray, the
second tray configured to support a thermal management component of a front end
accessory component assembly; and

a plurality of frame mounts;

wherein the frame 15 configured to be connected to a chassis of a vehicle to
simultaneously mount a thermal management component coupled with the second tray and
an electrical component coupled with the first tray to the chassis of the vehicle.

21. The frame of Claim 20, further comprising a bracket coupled to each of the frame
mounts, the bracket configured to couple the frame within a stock front end compartment.

22. The frame of Claim 20, further compnising a heat exchanger frame comprising a
forward heat exchanger support and a rear heat exchanger support, the forward heat exchanger
support being configured to support a heat exchanger vertically and directly forward of the rear
heat exchanger support.

23. An accessory component assembly, comprising:

a frame configured to support vehicle accessories;

a first vehicle accessory mounted to the frame;

a second vehicle accessory mounted to the frame;

wherein the frame is configured to simultaneously couple the first vehicle accessory
and the second vehicle accessory to a chassis of a vehicle such that the accessory
component assembly can be functionally coupled to at least two other vehicle sub-systems.

24. An electric vehicle system, comprising:
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a battery assembly configured to be coupled to a vehicle at or adjacent to a cab of
the vehicle;

an electrical load configured to be disposed rearward of the battery assembly;

an electrical assembly configured to be disposed adjacent to the battery assembly,
the electrical assembly including a circuit configured to receive current from the battery
assembly and/or to direct current to the battery assembly, the circuit generating heat in
operating on the current, the electrical assembly configured to receive coolant to remove
heat from the heat generating circuit.

25. The electric vehicle system of Claim 24, wherein electrical assembly includes a power
distribution unit and a charge circutt disposed in a housing.

26. The electric vehicle system of Claim 25, wherein the electrical assembly comprises
fuses configured to prevent current flow from the housing in some conditions.

27. The electric vehicle system of Claim 23, wherein the housing is a first housing of the
electrical assembly and further comprising a second housing disposed adjacent to the first housing,
the second housing enclosing an inverter circuit disposed therein.

28. The electric vehicle system of Claim 24, wherein the electrical assembly comprises a
portion of a vehicle equipping system, the electrical assembly disposed in a first housing, the
vehicle equipping system further comprising a second housing configured to be mounted to a
vehicle adjacent to the first housing, the second housing providing a modular component mounting
space, and a plurality of current processing components each of which has a different form factor,
wheremn the modular mounting space of the second housing s adapted to selectively recetve the
ioad specific components.

29. The electric vehicle systermn of Claim 24, further comprising a high voltage conveyance
support assembly configured to be disposed between the battery assembly and the electrical
assembly, the high voltage conveyance support assembly comprising a housing having a plurality
of spaced apart channels, each channel configured to enclose a high voltage cable.

30. The electric vehicle system of Claim 29, wherein the high voliage conveyance support
assembly comprises a lower shell and an upper sheli, the channels being disposed between the
upper shell and the lower shell

31. The electric vehicle system of Claim 30, wherein the channels are defined by a plurality

of cable mounts disposed between the upper shell and the lower shell.
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32 The electric vehicle system of Claim 29, further comprising a plurality of mounting
assemblies configured to support the housing between frame rails of a vehicle.

33. The electric vehicle system of Claim 24, wherein the electrical assembly comprises a
power receiving cable interface configured to face forwardly on a vehicle, the cable interface
configured to be coupled with a high voltage cable.

34 The electric vehicle system of Claim 33, further comprising a debris deflector
comprising a forward facing surface configured to be disposed forward of the cable interface to
deflect on-coming debris during operation of a vehicle with which the electrical vehicle system is
coupled.

35. The electric vehicle system of Claim 34, wherein the debris deflector comprises a shell
comprising an upwardly facing recess, a forward edge of the shell configured to be disposed
forward of the cable interface, a lower surface of the shell configured 1o be disposed below the
electrical assembly, and a rearward edge configured to be disposed rearward of a power delivery
cable interface, the power delivery cable interface configured to be coupled with a power cable
configured to be couple with the electrical load.

36. The electric vehicle system of Claim 34, wherein the debris deflector comprises a
plurality of brackets configured to support a deflection member from one or more frame rails of a
vehicle chassis.

37. The electric vehicle system of Claim 24, wherein the electrical assembly 15 configured
to receive hugh voltage output from the battery assembly and configured to distribute power to the
electrical load and to a second electrical load located forwardly of the battery assembly.

38. The electric vehicle system of Claim 37, wherein the system distributes power to the
second electrical load through an upwardly criented recess of the battery assembly.

39. The electric vehicle system of Claim 38, wherein the concavity of the battery assembly

g, the lateral portions enclosing battery units.

o0

is disposed between lateral portions of a housin
40. The electric vehicle system of Claim 39, wherein the battery assembly comprises:

a housing having a first lateral portion, a second lateral portion, and a central
portion, the housing including an upwardly oriented recess between the first and
second lateral portions;

one or more battery umits disposed within the housing at least in the central

portion; and

41



CA 03136950 2021-10-14

WO 2020/215023 PCT/US2020/028866

a mounting system disposed at least partially between the first lateral
portion and the second lateral portion.

41. The electric vehicle system of Claim 37, whergin the second electrical load comprises
a front end accessory component assembly configured to mount to a vehicle chassis, the front end
accessory component assembly comprising a frame and a plurality of vehicle accessory
components coupled to the frame, the frame configured to mount to the chassis to simultaneously

couple the plurality of vehicle accessory components to the chassis.
42. The electric vehicle system of Claim 37, wherein the second electrical load comprises
a front end accessory component that can be placed in electrical communication and/or in fluid

communication with the battery assembly.
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