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CONFIGURABLE VEHICLE BATTERY BACKPLANE AND MODULES AND

[0001]

[0002]

[0003]

[0004]

METHODS OF OPERATING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Provisional Appl. No. 63/256,934, filed on
October 18, 2021; U.S. Provisional Appl. No. 63/318,740, filed on March 10, 2022; and
U.S. Provisional Appl. No. 63/375,645, filed on September 14, 2022. The contents of each

of these applications is incorporated by reference in its entirety herein.

FIELD

Aspects relate to an energy storage/battery system.

BACKGROUND

The move towards clean energy is prompting renewed interest, research, and
development in the area of energy storage. Specifically, battery systems. Battery systems
are critical to many clean energy technologies. Applications for the use of battery systems
are varied. One area garnering significant attention is the field of electric vehicles (EVs).
EVs have specific energy requirements and need specialized battery systems. EVs require
energy efficient and safe battery systems that have sufficient power to enable EVs to travel
for long distances without the need for the batteries to be recharged. The batteries also need
to be powerful enough to power the vehicle and all the on board computer systems.

Conventional battery systems used in EVs suffer from several shortcomings. First,
conventional systems are not configurable, cannot be scaled, and are expensive to replace
if any one component breaks. For example, conventional systems typically consist of
battery cells that are integrated into one large sealed housing. The housing is often difficult
to disassemble in instances where parts have to be examined or replaced. Often, their
disassembly requires persons with specialized training on how to handle high voltage
electronics. Moreover, the sealed housing typically has all the control circuitry that controls
the battery pack coming online and offline. Thus, if any cell or circuitry is deficient, it might
be more efficient to simply replace the entirety of the housing. This can be wasteful because

working components will also be discarded.
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[0005] Second, conventional systems are implemented such that the battery cells are
uniform and cannot be mixed with other cell types. That is, they consist of one cell type
(e.g., Lithium-Ion batteries, Nickel-metal hydride batteries, etc.). Even if they consist of
one cell type all the cells must have the exact same cell chemistry. Thus, cells typically
have to be from the same manufacturer, be of the same model, have the same cell chemistry,
etc. and cannot be intermixed with other battery cell types.

[0006] Third, conventional systems are not versatile. Thus, a battery system that is built for
one vehicle cannot be easily modified to work with other vehicles without significant
expense or reconfiguration.

[0007] Fourth, conventional systems typically cannot have their output voltage adjusted
dynamically. Systems are typically made to output a certain fixed voltage. These are usually
high voltages in the range of 400V to 800V. These high voltage systems require special
precautions when handling, shipping, or installing the energy components because of
regulations for systems working in these voltage ranges. Often, these systems also require
personnel with specialized training to install or fix anything that goes wrong with the
battery systems due to their high voltage nature.

[0008] Fifth, conventional systems are not designed to have battery cells replaced. This is
because battery cells are integrated into one large sealed housing and in many cases the
cells are mechanically grouped where individual disassembly is not possible. The housing
is often difficult to disassemble in instances where parts have to be examined or replaced.
This makes conventional systems difficult/impractical to refurbish if any individual battery
cell fails (or a new cell technology makes refurbishment desirable).

[0009] Sixth, conventional systems do not have operational redundancy. A single point of
failure typically results in loss of function of the entirety or large portions of the system,
making the system inoperable.

[0010] Seventh, conventional automotive battery packs are vulnerable to thermal runaway
if there is a cell thermal runaway which can present safety issues for occupants and large
material damages.

[0011] Thus, improved energy storage/battery systems are needed to overcome one or more
of the aforementioned shortcomings and to provide improved and more adaptable battery

systems.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are incorporated herein and form a part of the
specification, illustrate aspects of the present disclosure and, together with the description,
further serve to explain the principles of the disclosure and to enable a person skilled in the

pertinent art to make and use the disclosure.

[0013] FIG. 1 shows a multi-voltage configurable module (MVCM) according to aspects
of the disclosure.

[0014] FIG. 2 shows the components of the MVCM according to aspects of the disclosure.

[0015] FIG. 3 shows a bottom view of the top cover of the MVCM according to aspects of

the disclosure.

[0016] FIG. 4 shows a bottom view of the MVCM according to aspects of the disclosure.

[0017] FIG. 5 shows a view of a multi-voltage configurable backplane (MVCB) according
to aspects of the disclosure.

[0018] FIG. 6 shows the components of the MVCB according to aspects of the disclosure.

[0019] FIG. 7 shows how configuration jumpers of the MVCB are placed within the

MV CB according to aspects of the disclosure.

[0020] FIG. 8 shows the MVCB with configuration jumpers installed thereon, and printed
circuit boards with electronic components installed along a spine of the MVCB according
to aspects of the disclosure.

[0021] FIG. 9 shows the MVCB with main bus bars installed along the spine of the MVCB
according to aspects of the disclosure.

[0022] FIG. 10 shows how panels that form the top cover of the MVCB are placed to
enclose the components of the MVCB according to aspects of the disclosure.

[0023] FIG. 11 shows how MVCMs are installed on the MVCB according to aspects of the
disclosure.

[0024] FIG. 12 shows the installed MVCMs on the MVCB according to aspects of the
disclosure.

[0025] FIG. 13 shows the electrical connections of the MVCB according to aspects of the
disclosure.

[0026] FIG. 14 shows an example circuit used to bi-directionally transfer energy to/from

pairs of MVCMs and a secondary bus according to aspects of the disclosure.
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[0027] FIG. 15 shows an example circuit used to connect/disconnect the pairs of MVCMs
to the secondary bus according to aspects of the disclosure.

[0028] FIG. 16 shows an example system level diagram showing how dynamic system
control and configuration is performed between a device and the MVCB with connected
MVCM pairs installed thereon according to aspects of the disclosure.

[0029] FIG. 17 shows an example method of manufacturing the MVCMs according to
aspects.

[0030] FIG. 18 shows an example method of manufacturing the MVCBs according to
aspects.

[0031] FIG. 19 shows a method of performing dynamic energy control according to
aspects.

[0032] In the drawings, like reference numbers generally indicate identical or similar
elements. Additionally, generally, the left-most digit(s) of a reference number identifies

the drawing in which the reference number first appears.

DETAILED DESCRIPTION

[0033] Aspects disclosed herein provide a novel energy storage/battery system. The system
provides a novel architecture over conventional systems as will be described. This
architecture may provide several benefits.

[0034] First, it allows the battery system to be configurable both mechanically and
electrically. Conventional battery systems are not configurable in both respects. For
example, the disclosed battery system can be configured mechanically in any of a variety
of shapes using a multi-voltage configurable backplane (MVCB). The configuration can
determine how multi-voltage configurable modules (MVCMs), which are the energy blocks
of the system, are applied. In this way, the system’s mechanical architecture can affect the
system’s electrical output.

[0035] Second, the system allows for easy plug-in and removal of MVCMs. Circuitry on
the MVCB can control the dynamic onboarding and offloading of the MVCMs as they are
plugged-in or removed from the MVCB. The ability to plug-in and remove modules adds
to the configurability of the system. Additionally, it allows the system to be implemented
in a modular fashion. This modular design allows for easy replacement and/or isolation of

faulty MVCMs. The ability to isolate, remove, and replace faulty MVCMs allows for
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increased safety, stability, and performance over conventional systems, because any faulty
components can have their effects on the overall system minimized.

[0036] Third, the modular design, in which individual MVCMs can be plugged into the
overall system, allows for the mixing of battery chemistries as long as the operating voltage
range of each of the MVCMs is compatible. Conventional systems have their battery cells
as being uniform and consisting of one cell type (e.g., Lithium-Ion batteries, Nickel-metal
hydride batteries, etc.). These battery cells must also have the exact same chemistries. The
system disclosed herein differs from conventional systems because each of the MVCMs
can contain battery cells of different chemistries as long as the operating voltage range of
each of the battery cells is the same. Thus, an MVCM could have cells that are good at
providing peak power along with MVCMs that have cells that have excellent energy
characteristics. So long as each of the MVCMs are able to interface with the MVCB, they
can be brought on and offline and integrated within the overall system. Thus, the system
allows for a hybrid energy storage system.

[0037] Fourth, the modular design also allows the system to scale. Unlike conventional
systems, MVCMs can be added and removed to scale up or scale down the energy capacity
of the system. This allows the system to be used in multiple applications spanning large
voltage, power, and capacity requirements. For example, the same system architecture and
design disclosed can be used in an appliance, home energy storage, electric vehicle (EV),
aerospace/airplane applications, and large grid-tie system applications.

[0038] Fifth, the compartmental design can improve the overall safety of the system. This
is because each individual MVCM has multiple low voltage segments that are electrically
and mechanically isolated by thermal barriers, which allows for significantly lower energy
to dissipate in the case of a cell thermal runaway or catastrophic failure. The MVCM, prior
to being plugged in to a system is low voltage (or remains low voltage if the system is
configured that way). In this way, there is less energy release for each individual MVCM
in case any individual MVCM fails. Moreover, isolating each of the MVCMs provides
barriers to block the spread of any fire or electrical discharge in the case of a cell thermal
runaway or catastrophic failure of an MVCM. Additionally, the active switches can be
opened in the event of a crash (similar to deploying airbags) which greatly reduces the
opportunity for a short if there is a mechanical breach of the system. Conventional battery

packs do not have this feature.
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[0039] Sixth, the system is designed to make it simple and efficient to replace battery cells
if any of the cells fails or a newer cell chemistry is desirable. This can be done without
disruption to the functioning and design of the overall system. Thus, the system makes
refurbishment of battery cells possible.

[0040] Seventh, the system is designed to provide operational redundancy. For example,
the modular design allows groups of battery cells to be swapped in and out without
interrupting the overall function of the system. Thus, no single point of failure results in
loss of function of the entirety of the system.

[0041] Each individual battery cell grouping in an MVCM can be configured to deliver 48
Volts (V) output. Depending on how the MVCMs are configured, different numbers of cell
groupings can be installed within the MVCM. In aspects, 8 or 16 groups of cells can be
installed in an MVCM resulting in an MVCM being able to deliver 48V or any multiple
including 350V or 750V. MVCMs can be added to the system to increase the overall
capacity that the system can deliver. However, configuration jumpers can control the
voltage output of these MVCMs such that lower voltages can be output. Having each of the
battery groupings in the MVCMs operate at a lower voltage decreases the risk of dangerous
explosions, fires, etc. if any of these components fails. This design is different from
conventional systems in which different battery cells are stacked together to increase
voltage output and are not configurable. Typically, once stacked and connected, these
conventional systems cannot be modified and form the high voltage battery pack that
cannot have its output adjusted.

[0042] In aspects, an MVCM can include at least: a plurality of burst discs; a top cover
coupled to the plurality of burst discs; a plurality of flame arrestors coupled to the top cover;
a cell retention tray coupled to a main housing for retaining a plurality of battery cells; the
plurality of battery cells; a plurality of conducting nails coupled to the plurality of battery
cells and a printed circuit board; a plurality of battery cell isolation sleeves configured to
isolate each of the plurality of battery cells; the main housing coupled to the top cover and
configured to hold the plurality of battery cell isolation sleeves; a plurality of conducting
springs coupled to a bottom of the main housing; the printed circuit board coupled to the
plurality of conducting springs; a plurality of output terminals coupled to the printed circuit

board, wherein the plurality of output terminals are configured to deliver output voltage
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generated by the plurality of battery cells to a multi-voltage configurable backplane
(MVCB); and a bottom cover coupled to the main housing.

[0043] In aspects, an MVCB can include at least: a top cover coupled to a main housing; a
main bus bar coupled to a plurality of circuit boards configured to store electronic
components for controlling the energy output of a plurality of multi-voltage configurable
modules (MVCMs); a plurality of configuration jumpers coupled to the plurality of printed
circuit boards and further coupled to a plurality of output terminals of MVCMs, wherein
the plurality of configuration jumpers receive output voltage generated by a plurality of
battery cells of the MVCM; the plurality of isolation trays coupled to the plurality of
configuration jumpers; and the main housing coupled to the plurality of isolation trays to
provide mechanical retention for the MVCM.

[0044] In aspects, a method of manufacture of the MVCM can include at least the steps of’
attaching a plurality of burst discs with a top cover; attaching a plurality of flame arrestors
to a bottom portion of the top cover; placing a plurality of battery cell isolation sleeves
within a body of a main housing; placing a plurality of battery cells within a cavity of the
plurality of battery cell isolation sleeves; placing a cell retention tray in between the bottom
portion of the top cover and a top portion of a main housing to enclose the plurality of
battery cells; attaching the bottom portion of the top cover to the top portion of the main
housing; attaching a plurality of conducting springs to a bottom portion of the main
housing; attaching a printed circuit board to the plurality of conducting springs, wherein
the printed circuit board comprises a plurality of output terminals integrated thereon; and
attaching a bottom cover to the bottom portion of the main housing to enclose the printed
circuit board.

[0045] In aspects, a method of manufacture of the MVCB can include at least the steps of:
attaching a plurality of isolation trays to a main housing; attaching a plurality of
configuration jumpers to the plurality of isolation trays; attaching a plurality of printed
circuit boards to the plurality of isolation trays; attaching a main bus bar to the plurality of
printed circuit boards; attaching a top portion of the main housing to a bottom portion of a
top cover to enclose the plurality of isolation trays, the plurality of configuration jumpers,
the plurality of printed circuit boards, and the main bus bar.

[0046] In aspects, a method, system, and/or a non-transitory computer readable medium

storing instructions for performing operations for performing dynamic energy control of
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MVCMs and MVCB can be implemented. The method, system, and/or non-transitory
computer readable medium for performing dynamic energy control can be implemented
when the MVCB and MVCMs are connected to a device. The device can be one of a vehicle
(a car, a truck, an airplane, a boat, etc.), or part of a device that serves as a wall or part of a
wall for a house that uses the system for a home energy storage application, or any other
large grid-tie system application. In aspects, the method, system, and/or non-transitory
computer readable medium can include receiving, from a device, energy requirement
information; receiving, from one or more multi-voltage configurable modules (MVCMs),
information indicating an energy state of each of the MVCMs; determining how many
MVCMs are available to deliver energy to the device based on the energy requirement
information and the information indicating the energy state of each of the MVCMs;
switching to an online state each of the MVCMs available to deliver energy to the device;
monitoring each of the MVCMs and the energy requirement information to determine any
changes in the energy requirement information or the information indicating the energy
state of each of the MVCMs; and if any changes in the energy requirement information or
the information indicating the energy state of each of the MVCMs is detected, determining
whether any of the MVCMs should be disconnected or connected to meet energy
requirements of the device.

[0047] In aspects, the information indicating the energy state of each of the MVCMs
includes: a cell voltage, a cell temperature, and a cell identification. In aspects, the energy
requirement information includes a system range calculation indicating the energy
requirements (power and capacity requirements) of the device over a period of time or a
distance. In aspects, the method, system, and/or non-transitory computer readable medium
further comprises balancing voltage of the MVCMs in the online state based on an energy
output of the MVCMs. In aspects, the method, system, and/or non-transitory computer
readable medium further comprises transmitting, to the device, the information indicating
the energy state of each of the MVCMs.

[0048] The following aspects are described in sufficient detail to enable those skilled in the
art to make and use the disclosure. It is to be understood that other aspects are evident based
on the present disclosure, and that system, process, or mechanical changes may be made

without departing from the scope of an aspect of the present disclosure.
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[0049] In the following description, numerous specific details are given to provide a
thorough understanding of the disclosure. However, it will be apparent that the disclosure
may be practiced without these specific details. In order to avoid obscuring aspects of the
present disclosure, some configurations and process steps are not disclosed in detail.

[0050] The drawings showing aspects of the system and its components are semi-
diagrammatic, and not to scale. Some of the dimensions are for the clarity of presentation
and are shown exaggerated in the drawing figures. Similarly, although the views in the
drawings are for ease of description and generally show similar orientations, this depiction
in the figures is arbitrary for the most part. Generally, the disclosure may be operated in

any orientation.

Multi-Voltage Configurable Module (MVCM)

[0051] FIG. 1 shows a MVCM 100 according to aspects of the disclosure. The MVCM 100
forms the energy block of the battery system and contains battery cells in addition to other
components. The components of the MVCM 100 will be discussed in further detail with
respect to FIG. 2.

[0052] The MVCM 100 can be implemented in a number of different shapes. In aspects,
and as shown in FIG. 1, the MVCM 100 can be shaped as a rectangular cuboid. In aspects,
an outer body of the MVCM 100 can form an enclosure, enclosing the components of the
MVCM 100. In aspects, the rectangular cuboid can have a length “L”, a width “W”, and a
height “H.” In aspects, the length, width, and height can be varied depending on the number
of battery cells installed in the MVCM 100 and the form factor of the cells.

[0053] In aspects, the outer body of the MVCM 100 can comprise a plurality of burst discs
106, a top cover 102, a main housing 104, and a bottom cover 110, which are all coupled
together to enclose the components of the MVCM 100. In aspects, the burst discs 106 can
be attached to and/or embedded in the top cover 102. The burst discs 106 provide a pressure
safety mechanism that protects the MVCM 100 from over pressurization or potentially
damaging vacuum conditions. The position and function of the burst discs 106 are also to
provide a controlled path for hot gases in the case of a cell thermal runaway. In aspects, the
top cover 102 can be coupled to the main housing 104. The coupling can be done
mechanically using screws or pins that are inserted into screw holes 108, which screw or
pin the top cover 102 to the main housing 104. In aspects, the screws or pins can be removed

so that the top cover 102 can be detached from the main housing 104. As a result, the
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MVCM 100 can be easily taken apart so that the internal components of the MVCM 100
can be accessed. The bottom cover 110 can be coupled to the main housing 104. The
coupling can be done mechanically using similar screws or pins, and in the same manner
that the top cover 102 is coupled to the main housing 104. In aspects, the screws and pins
can be removed so that the MVCM 100 internal components can be accessed.

[0054] FIG. 2 shows the components of the MVCM 100 according to aspects of the
disclosure. The components can include at least: the burst discs 106, the top cover 102, a
plurality of flame arrestors 202, a cell retention tray 204, a plurality of battery cells 206, a
plurality of battery cell isolators 208, a plurality of cell isolation sleeves 212, a plurality of
conducting nails 210, the main housing 104, a plurality of conducting springs 214, a printed
circuit board 216, a plurality of output terminals 218, and the bottom cover 110.

[0055] In aspects, the flame arrestors 202 can couple to the bottom of the top cover 102. In
aspects, the flame arrestors 202 can couple to the top cover 102 by being inserted into a
cavity or space in the bottom portion of the top cover 102. Such coupling is shown in FIG.
3, where a flame arrestor is shown inserted or attached to cavity 302. The flame arrestors
202 function to prevent a flame from spreading in the event of an explosion of any of the
battery cells 206 or an electrical fire within the MVCM 100.

[0056] In aspects, the cell retention tray 204 can be placed in between the top cover 102
and the main housing 104. In aspects, the cell retention tray 204 can be made as a single
structure comprised of an electrically isolating material. In aspects, the cell retention tray
204 can couple to the main housing 104. The coupling can be via screws or pins that can
be inserted into further screw holes 222 of the main housing 104 and attach the cell retention
tray 204 to the main housing 104. In aspects, rather than coupling via screws or pins, the
cell retention tray 204 can be held in place by the top cover 102 itself. This allows for easy
disassembly in the case of refurbishing the MVCM 100. In aspects, the cell retention tray
204 can provide mechanical retention for the battery cells 206 to hold the battery cells 206
in a fixed location so they do not become dislodged from their positions within the main
housing 104. In aspects, the cell retention tray 204 can also provide electrical isolation of
the battery cells 206 from the main housing 104 to prevent any short circuits or undesired
electrical connections to form that may result between the battery cells 206 and the main

housing 104.
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[0057] The design of the cell retention tray 204 provides an improvement over
conventional retention mechanisms used to retain batteries. This is for two reasons. First,
due to being a single structure, the cost of manufacturing the cell retention tray 204 is
reduced over conventional battery retention mechanisms. In conventional systems, battery
retention mechanisms are implemented such that only a subset of batteries or each
individual battery is retained by an apparatus or retention mechanism. This results in
multiple cell retention apparatuses that are used. The streamlining and utilization of one
cell retention tray 204 is cheaper than the fabrication and integration of multiple cell
retention apparatuses. The cell retention tray 204 also provides an improvement over
conventional cell retention mechanisms because it can be detached from the main housing
104. The ability to remove the cell retention tray 204 by unscrewing or removing the screws
or pins used to couple the cell retention tray 204 to the main housing 104, or by simply
removing the top cover 102 and removing the cell retention tray 204, allows for the
swapping out of any of the battery cells 206. This feature is not found in conventional
battery modules because conventional battery modules are sealed so that the internal
components cannot be accessed easily.

[0058] In aspects, the battery cells 206 can be placed in the main housing 104. The battery
cells 206 can comprise different battery chemistries so long as they are configured to
operate within the same range of voltages. In aspects, the battery cells 206 can be different
for any particular MVCM 100. Thus, each MVCM 100 can have a different type of battery
contained therein. In aspects, different MVCMs can be combined to allow for a hybrid
battery system in which several different battery types are used in conjunction, to provide
power to the overall battery system. This feature is unique to the system because
conventional systems typically do not allow for hybrid chemistries to be used. They
typically use one battery type that must be the exact same throughout the system. In aspects,
the ability to use hybrid chemistries allows for expanded power/capacity options that the
battery system can provide. This feature also allows for flexibility in replacing MVCMs
when any MVCM 100 fails because any number of cell types can be used to replace a
malfunctioning or damaged MVCM 100.

[0059] In aspects, the battery cells 206 can be wire bonded to one another using a
continuous wire thread connecting a segmented group of battery cells. The continuous wire

thread can form a cell bus bar through which current can flow for a segmented group of
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battery cells. In aspects, each segmented group of battery cells can be wire bonded to form
a 48V section of the MVCM 100. In aspects, the MVCM 100 can be arranged such that the
battery cells 206 form eight individual 48V sections. In aspects, these eight individual 48V
sections can be mechanically isolated and physically split up into four sections. The
sections are shown more clearly in FIG. 3 as elements 306a, 306b, 306¢, and 306d, each of
which can contain two 48V sections. Depending on the configuration of the MVCM 100,
the MVCM 100 can have more or less than eight individual 48V sections. For example, in
aspects, 16 individual 48V sections can be installed in each MVCM 100.

[0060] In aspects, the material used for the wire bonding can be any electrically conductive
material that can be threaded and strung into a wire. In aspects, the threaded and bonded
wire can be structurally supported by the cell retention tray 204. In aspects, the wire can be
threaded on top of the cell retention tray 204 and form a bus along which current can travel
from a cathode portion of the battery cells 206 to an anode section of the conducting nails
210. Having the battery cells 206 connected in this way provides a novel architecture over
conventional systems because in typical battery systems, battery cells are individually
bonded to a collector bus bar. These point to point connections are different from the
disclosed system where a single string connects cathode sections of segmented groups of
battery cells which then connect to the conducting nails 210 (the conducting nails 210
acting as the “bus bar”). The disclosed connection is a more efficient way to connect cells
together because individual bonds do not have to be made for each component.

[0061] In aspects, the conducting nails 210 can provide electrical connections from the
battery cells 206 to the printed circuit board 216. The conducting nails 210 allow for current
provided by the segmented groups of battery cells to flow through the conducting nails 210
to the printed circuit board 216. The conducting nails 210 can allow for a design of the
MVCM 100 in which a single printed circuit board 216 containing electronic components
that can be used to sense and balance the voltages provided by the battery cells 206 can be
placed at a bottom portion of the main housing 104. Because the conducting nails 210 can
channel the current towards the bottom portion of the MVCM 100, the printed circuit board
216 can be placed at the bottom of the main housing 104. Having the printed circuit board
216 located at the bottom of the main housing 104 results in increased safety for the MVCM
100, because the printed circuit board 216 is not in the path of gases if any of the battery

cells 206 vent. This design also allows for all the cells to be oriented the same way and
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utilize single side wire bonding (on the cathode end of the cells) while keeping the circuit
board away in case of any cell vent. Additionally, absent the use of the conducting nails
210, separate printed circuit boards would have to be used on the cathode side. Thus, use
of a single printed circuit board 216 also reduces the costs of manufacturing the MVCM
100 because less printed circuit boards have to be manufactured and assembled for each
MVCM 100.

[0062] In aspects, the battery cells 206 can be placed in cavities of a plurality of battery
cell isolation sleeves 212. The battery cell isolation sleeves 212 can be located within a
body of the main housing 104. In aspects, each of the battery cells 206 can be placed in an
individual isolation sleeve. In aspects, the battery cell isolation sleeves 212 can have a
geometric shape forming a cylindrical cavity in which each of the battery cells 206 is
placed. Other shapes can also be used depending on the shape of the battery cells 206. The
battery cell isolation sleeves 212 can isolate each of the battery cells 206 from one another
and from other components of the MVCM 100. Thus, the battery cell isolation sleeves 212
can form a barrier around each of the battery cells 206 to keep each battery cell separate
and in place. The battery cell isolation sleeves 212 can work in conjunction with the cell
retention tray 204, which forms a cover over each of the battery cells 206, to enclose each
of the battery cells 206. In aspects, a plurality of battery cell isolators 208 can be placed at
a bottom portion of the battery cell isolation sleeves 212 to provide further isolation of each
of the battery cells 206. In aspects, the battery cell isolators 208 can contain a conductive
portion that can couple to a plurality of conducting springs 214. In this way, the conducting
springs 214 can sense voltages of the battery cells 206 and enable cell voltage sensing and
balancing between the printed circuit board 216 and the bottom of each of the battery cells
206.

[0063] In aspects, the printed circuit board 216 can be coupled to the bottom of the main
housing 104. In aspects, the bottom of the main housing 104 can have a plurality of
conducting springs 214 coupled to it, and which also couple to the printed circuit board
216. The conducting springs 214 can be made out of any material that is electrically
conductive. The conducting springs 214 can be used for cell voltage sensing and balancing.
In aspects, the printed circuit board 216 can contain components to measure each individual
cell’s voltage and components that can actively be switched “on” to allow for cell to cell

balancing.
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[0064] In aspects, the conducting springs 214 can be installed and disassembled in case of
cell removal. The ability of the conducting springs 214 to be installed and disassembled is
an improvement over conventional systems because typically voltage sensing is performed
using a welded wire or bus bar connection that is permanent. In aspects, the conducting
springs 214 also provide the benefit of added redundancy for voltage sensing and balancing.
This is because in the case where two cells are in parallel, individual conducting springs
can be used to sense voltage in each, which can be compared to determine if the sensed
voltages match and/or if there are any differences between the two. Any differences can
trigger a balancing to be performed.

[0065] In aspects, the printed circuit board 216 can also have a plurality of output terminals
218 coupled to its bottom portion. The output terminals 218 can be configured to deliver
the output voltages generated by the battery cells 206 to a multi-voltage configurable
backplane (MVCB). The output terminals 218 can couple to the MVCB by attaching or
plugging into terminals of the MVCB to deliver the output voltages. How the MVCB
attaches to the output terminals 218 will be discussed further below. The coupling of the
output terminals 218 to the bottom portion of the printed circuit board 216 can be more
clearly seen in FIG. 4, which shows the output terminals 218 coupled to the bottom of the
printed circuit board 216.

[0066] In aspects, the printed circuit board 216 can be designed to have sixteen output
terminals 218. Thus, there can be two output terminals 218 per each of the eight individual
48V sections.

[0067] In aspects, the bottom cover 110 can couple to the main housing 104 to enclose the
printed circuit board 216. The coupling can be via screws or pins that are inserted into a
third set of screw holes 220, that screw or pin the bottom cover 110 to the main housing
104. In aspects, the bottom cover 110 can have a plurality of output holes 224 from which
the output terminals 218 are accessible for a mating pin. The MVCB configuration jumpers
606, which will be described with respect to FIG. 6, become the mating pin for the MVEM
output terminals 218 and allows the output terminals 218 to be able to attach to the MVCB.

[0068] FIG. 3 shows a bottom view of the top cover 102 of the MVCM 100 according to
aspects of the disclosure. FIG. 3 shows a configuration for the inside of the top cover 102
as it 1s viewed from the bottom. In aspects, the inside can be partitioned physically into four

isolated sections, each labeled 306a, 306b, 306¢, and 306d. Each of these sections can be
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separated mechanically by dividers labeled 304a, 304b, and 304c. Each of the four sections
can have two of the 48V sections of the battery cells 206 contained within the section. Each
of the four sections can also have two flame arrestors (e.g., 202a and 202b), one for each
of the 48V sections. FIG. 3 shows eight flame arrestors 202, each of which is inserted or
attached to a cavity 302a and 302b.

[0069] The design of the top cover 102, as shown in FIG. 3 has several benefits. First, each
of the four isolated sections provide a physical barrier to protect against thermal runaway
in the event that any of the battery cells 206 overheat. Thus, the effect of any overheating
in one of the sections on the other sections can be minimized via the barrier. This adds to
the safety features of the MVCM 100. Second, the top cover 102 is designed to aid in the
fixing of the cell retention tray 204. The dividers 304a, 304b, and 304c¢ can press down onto
the cell retention tray 204 to secure it in place. Third, two flame arrestors 202 for each of
the four sections provides redundancy. Thus, in the case that one of the flame arrestors 202
fails, there is a second one to function in its place.

[0070] FIG. 4 shows a bottom view of the MVCM 100 according to aspects of the
disclosure. FIG. 4 shows the MVCM 100 without the bottom cover 110 attached. The
printed circuit board 216 is shown being coupled to the main housing 104. As shown in
FIG. 4, the printed circuit board 216 can be inserted into a cavity on the bottom of the main
housing 104. FIG. 4 also shows the output terminals 218 that are coupled to the printed
circuit board 216.

Multi-Voltage Configurable Backplane (MVCB)

[0071] FIG. 5 shows a view of a MVCB 500 according to aspects of the disclosure. The
MVCB 500 is the mechanical and electrical interface to the MVCMs. In aspects, the MVCB
500 includes the power electronics and logic to allow a dynamic configuration of the
MVCMs. In aspects, the MVCB 500 can have one or more MVCMs plugged into it to
deliver power to a device structure. In aspects, the device structure can be an appliance,
home energy storage system, an EV, an airplane, or a large grid-tie system (e.g., solar
panels), etc. The MVCB 500 can also provide the structural support for the device structure.
For example, if the device structure is an EV, the MVCB 500 can form a part of the EV’s
body, for example, the underside of the EV, or can attach to the EV’s vehicle bed to provide

structural support for the vehicle.
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The MVCB 500 can be configurable and be assembled to take a variety of shapes.
For example, and as shown in FIG. 5, MVCB 500 can be shaped substantially as a rectangle
or square. In aspects, the MVCB 500 can comprise different panels 502 that can be coupled
together to give the MVCB 500 its shape. In aspects, the coupling can use screws, clips, or
slideable grooves in which each of the panels 502 can be slideably inserted to join with
other panels 502. Due to its configurability, the shape of the MVCB 500 can dictate the
system’s capacity to store energy because depending on its shape, different numbers of
MV CMs can be coupled to the MVCB 500, thus changing how much energy/capacity can
be stored by the system.

FIG. 6 shows the components of the MVCB 500 according to aspects of the
disclosure. In aspects, components can include a top cover 602, a plurality of printed circuit
boards 608, a main bus bar 604, a plurality of configuration jumpers 606, a plurality of
isolation trays 610, and a main housing 612.

In aspects, the top cover 602 can provide the external shell for the MVCB 500. In
aspects, the top cover 602 can couple to the main housing 612 to enclose the other
components of the MVCB 500. In aspects, the coupling can be done mechanically using
screws or pins that are inserted into backplane screw holes 614, which screw or pin the top
cover 602 to the main housing 612. In aspects, any material that meets the mechanical
function of sealing the MVCB 500 is allowable.

In aspects, the printed circuit boards 608 can be contained between the top cover
602 and the main housing 612. In aspects, the printed circuit boards 608 can couple to the
main housing 612 to fix the printed circuit boards 608 in place within the MVCB 500. In
aspects, the printed circuit boards 608 can contain the electronic circuitry and active
switches to monitor the MVCMs, and connect/disconnect MVCMs to the overall system.
In aspects, the electronic circuitry can control the energy output of the system by controlling
which of the MVCMs come on or offline. In this way, the printed circuit boards 608 provide
the control electronics of the battery system. In aspects, each of the printed circuit boards
608 can control any number of MVCMs. For example, four or more MVCMs can be
controlled by any one of the printed circuit boards 608. In aspects, the printed circuit boards
608 can be configured to dynamically control the MVCMs by recognizing when any
MVCM 100 is connected or disconnected from the MVCB 500, and adjust and/or balance

the voltages of the system accordingly, so that the operation of the system as a whole does
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not cease. Thus, the printed circuit boards 608 can adjust the system’s capacity/power as
required. The benefits of partitioning the printed circuit boards 608 is to be able to control
a subset of MVCMs and be able to dynamically control the MVCMs in the occurrence of
individual cell failure/degradation or if any MVCM 100 is damaged. In that case, the
individual MVCM 100 or the group of MVCMs can be electrically disconnected without
shutting down the entire system if there are other MVCMs that can deliver energy for the
system. This allows for continued operation, which is both a safety benefit and a reliability
feature that conventional battery systems lack.

[0076] In aspects, the printed circuit boards 608 can be coupled to the main bus bar 604.
The main bus bar 604 acts as a current collector for current flowing into the printed circuit
boards 608 from the MVCMs. The main bus bar 604 provides an electronic bus on which
current can be distributed from different MVCMs throughout the system. The main bus bar
604 can be manufactured using any electrically conductive material.

[0077] In aspects, the system can also have a secondary bus. The secondary bus can be
similar to the main bus bar 604 and can work in conjunction with the main bus bar 604. In
aspects, the secondary bus can also be coupled to the printed circuit boards 608. In aspects,
the secondary bus can be used to form a second lower voltage network for balancing
MVCMs and powering auxiliary lower power components. The lower voltage is in
reference to the voltages that are delivered via the network formed by the main bus bar 604.
For example, in an EV, the secondary bus can be used to balance and deliver power to
devices such as air-conditioning compressors, power steering pumps, DC/DC converters,
DC/AC inverters, etc., while the main bus bar 604 can be used to power the engine, lights,
etc.

[0078] In aspects, the electronic circuitry on the printed circuit boards 608 can be used to
allocate power between the main bus bar 604 and the secondary bus. In aspects, electronic
circuitry can be configured and programmed to adjust how much voltage can be delivered
by the secondary bus. In aspects, the system can be configured to have the secondary bus
deliver voltages at 12V, 24V, 48V, or 350V to auxiliary devices.

[0079] In aspects, the main bus bar 604 and the secondary bus can be located along a spine
616 of the MVCB 500. The spine 616 refers to a strip or section of the MVCB 500 that
runs substantially straight through the middle portion of the MVCB 500. In aspects, the
printed circuit boards 608 can also be located along the spine 616 of the MVCB 500.
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Having the main bus bar 604, the secondary bus, and the printed circuit boards 608 located
along the spine 616 provides safety benefits. For example, in the case where the system is
used in an EV, design of the spine 616 in this way provides increased protection in the
event of physical damage to the vehicle structure, because the spine 616 is typically the
furthest point from any impact the EV may suffer from being struck from the sides or back
if the EV gets hit by other objects.

[0080] In aspects, the configuration jumpers 606 can be coupled to the printed circuit
boards 608 and further coupled to the output terminals 218 of the MVCMs. The
configuration jumpers 606 make the electrical connections between MVCM’s 48V sections
(either series or parallel) and to the printed circuit boards 608 of the MVCB 500. In aspects,
the configuration jumpers 606 can be configured to connect the 48V sections of the
MVCMs in a series/parallel arrangement to create the system level voltage needed for the
application the MV CMs to the printed circuit boards 608 of the MVCB 500. In aspects, the
configuration jumpers 606 can be configured to connect the 48V sections of the MVCMs
to a printed circuit board from the printed circuit boards 608. The configuration jumpers
606 can be made of any electrically conducting material that can be formed into a wire or
rod shape. In aspects, configuration jumpers 606 can be placed within the MVCB 500
according to a standardized spacing to align with the output terminal 218 of the MVCMs
so the configuration jumpers 606 can couple to the output terminals 218 of FIG. 2.

[0081] In aspects, the configuration jumpers 606 can be part of a circuitry that contains
switches/active components that can control the electrical connections between the
MV CMs to the printed circuit boards 608. The benefit of having this design is that each of
the connections can be controlled individually using the switches, which would allow
disconnection of each section leaving the entire system at 48V when the system is not
powered on. This provides benefits of maintaining components at low voltage, which
increases the safety of the system. Conventional systems, once connected and powered on
cannot be configurable to reduce the voltage of the entire system in this manner.

[0082] In aspects, the configuration jumpers 606 can be coupled to the isolation trays 610.
In aspects, the configuration jumpers 606 can be placed inside the isolation trays 610. The
isolation trays 610 refer to strips on which the configuration jumpers 606 can be installed
on and removed from while maintaining electrical isolation from the main housing 612 of

the MVCB 500. Thus, the isolation trays 610 make it easy to remove or install the
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configuration jumpers 606 and further add to the configurability of the system, because
configuration jumpers 606 can be added or removed to further customize the electrical
output of the system, by adding and removing electrical connections to the printed circuit
boards 608 and the buses of the system. In aspects, the isolation trays 610 can be coupled
to the main housing 612 of the MVCB 500. The coupling can be via screws or pins similar
to what was described previously with respect to the other screw or pin mechanisms holding
other components of the MVCM 100 or MVCB 500 together.

[0083] In aspects, the main housing 612 can form a bottom section of the MVCB 500. In
aspects, the main housing 612 can provide mechanical retention for the MVCMs and is the
interface onto which the MVCMs couple to the MVCB 500. In aspects, the configuration
jumpers 606 can protrude out of the main housing 612 in order to couple to the output
terminals 218 of the MVCMs. In aspects, the main housing 612 can have integrated cooling
provisions for the MVCMs. The integrated cooling provisions can take the form of
grooves/channels 618 formed on a surface of the main housing 612, which maximize the
surface area of the main housing 612 and provide a channel for heat generated by the
MV CMs to channel through to the exterior of the MVCB 500.

[0084] In aspects, the main housing 612 can also provide structural support for any device
structure on which the MVCB 500 is installed or integrated with. For example, the main
housing 612 can serve as the close out for a vehicle floor/sides (e.g., a truck bed, the
underside of a vehicle, etc.) and provide vehicle structural support. Similarly, the main
housing 612 can provide structural support for an aircraft, shipping vessel, etc., or serve as
a wall or part of a wall for a house that uses the system for a home energy storage
application.

[0085] FIG. 7 shows how configuration jumpers 606 of the MVCB 500 are placed within
the MVCB 500 according to aspects of the disclosure. FIG. 7 shows how the configuration
jumpers 606 are placed on the isolation trays 610 in a sequential manner.

[0086] FIG. 8 shows the MVCB 500 with configuration jumpers 606 installed thereon, and
printed circuit boards 608 with electronic components installed along the spine 616 of the
MV CB 500 according to aspects of the disclosure.

[0087] FIG. 9 shows the MVCB 500 with main bus bars 604 installed along the spine 616
of the MVCB 500 according to aspects of the disclosure.
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[0088] FIG. 10 shows how panels 502 that form the top cover 602 of the MVCB 500 are
placed to enclose the components of the MVCB 500 according to aspects of the disclosure.
In other aspects, rather than use multiple panels 502 to form the top cover 602, a single
panel can be used to form the top cover. The single panel can be shaped in a variety of ways
based on the configuration desired for the MVCB 500.

[0089] FIG. 11 shows how MVCMs are installed on the MVCB 500 according to aspects
of the disclosure. The MVCMs are shown attaching to the underside of the MVCB 500 and
to the configuration jJumpers 606. In this way, the MVCMs can deliver power to the MVCB

500.

[0090] FIG. 12 shows the installed MVCMs on the MVCB 500 according to aspects of the
disclosure.

[0091] FIG. 13 shows the electrical connections of the MVCB 500 according to aspects of

the disclosure. FIG. 13 shows the main bus bar 604 with two separate rails 1310 and 1312.
Rail 1312 is the positive voltage rail of the main bus bar 604, and rail 1310 is the negative
voltage rail of the main bus bar 604. Rails 1310 and 1312 form a high voltage network that
allows the main bus bar 604 to deliver the high voltage to power various components of the
system. In aspects, the voltage along the main bus bar 604 can be, for example, 750V in a
typical EV application. This is exemplary. Depending on the application for the battery
system, this voltage can be varied.

[0092] In aspects, the MVCB 500 can have a third rail 1314. The third rail 1314 can be the
secondary bus. The third rail 1314 can form a lower voltage network for the system. In
aspects, the lower voltage network can power auxiliary components that do not need the
high voltages delivered by the main bus bar 604, as described with respect to FIG. 6. The
lower voltage is in reference to the higher voltage formed by the main bus bar 604. For
example, in a typical EV application, the voltage across the third rail 1314 can be 350V.
This is exemplary. Depending on the application for the battery system, this voltage can be
varied.

[0093] In aspects, and as shown in FIG. 13, rails 1310, 1312, and 1314 can connect to pairs
of MVCMs. These pairs are shown in FIG. 13 as {1326a, 1326b,...1326n}. The number of
pairs shown in FIG. 13 is merely exemplary. The system can have more or less pairs of
MV CMs depending on the application in which the system is used. While the pairs are only
labeled on the left side of the bus bar rails of FIG. 13, similar pairs are located on the right
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side of the bus bar rails of FIG. 13. The labeling on one side is for simplicity. The pairs on
the right side of the bus bar rails have identical connections to the rails 1310, 1312, and
1314. They also contain identical components. Thus, when connections or components are
described with respect to a pair of MVCMs (e.g., 1326a) they apply equally to all other
MVCM pairs.

[0094] In aspects, through their connections to rails 1310, 1312, and 1314, the pairs of
MVCMs can connect to the overall system via a parallel connection to deliver power
throughout the system. This configuration has the benefit that if any pair of MVCMs is
disconnected from the system, the other pairs of MVCMs can continue operation to deliver
power to the system without interruption. Thus, connecting the system in this way adds
redundancy and provides for system stability.

[0095] In aspects, the MVCMs can individually contain other components that can connect
the MVCMs to various electronic components on printed circuit boards 608 located along
the spine 616 of the MVCB 500. For example, MVCMs 100a and 100b, shown in FIG. 13,
can have serial peripheral interface (IsoSpi) connectors 1322a and 1322b. These IsoSpi
connectors can connect each of the MVCMs 100a and 100b to printed circuit board 608a
to transfer information such as cell voltage measurements, temperatures, etc. obtained from
sensors installed on the MVCMs 100a and 100b to components of the printed circuit board
608a, for example, a microcontroller 1318.

[0096] In FIG. 13, the printed circuit boards 608 are shown as connecting to rails 1310,
1312, and 1314. Two of these are labeled as 608a and 608f. Each printed circuit board (e.g.
608a) of the printed circuit boards 608 can be configured to control any number of MVCMs.
In FIG. 13, for example printed circuit board 608a can be configured to control MVCM
pair 1326a and the mirrored MVCM pair on the right side of the bus rails. This is further
evident by the connections shown, connecting the MVCM pairs to the printed circuit board
608a. Similar connections are shown for other printed circuit boards 608 in FIG. 13, which
shows each of the printed circuit boards 608 connected to the MVCM pairs to the left and
right of the bus bar rails.

[0097] The components of the printed circuit boards 608 are shown in FIG. 13. These
components can include at least serial peripheral interface (IsoSpi) connectors {1322c,
1322d}, switching and power delivery modules {1316a, 1316b}, a microcontroller 1318,
and a low voltage connector 1320. Each of the printed circuit boards 608 shown in FIG. 13
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have these identical components. The functionality of these components will be described
in further detail below.

[0098] The electrical connections of the MVCM pairs to rails 1310, 1312, and 1314 will
be described. The description is for one of the pairs of MVCMSs, which is labeled 1326a.
While described for the pair labeled 1326a, the same descriptions and connections apply to
other pairs of MVCMs (e.g., {1326b,...,1326n}). The single description is done for
simplicity.

[0099] In aspects, the pair of MVCMs 1326a, can connect to the rails 1310, 1312, and 1314
by having a negative voltage terminal 1302 of the first MVCM 100a of the pair 1326a
connect to the rail 1310. This connection can form the most negative voltage connection
for the pair 1326a. In aspects, a positive voltage terminal 1308 of the second MVCM 100b
of the pair 1326a can connect to the rail 1312. This connection can form the most positive
voltage connection for the pair 1326a. The connections can be made via the configuration
jumpers 606 described with respect to FIG. 6. Through these connections, the pair of
MV CMs 1326a can connect to the main bus bar 604 to deliver a high voltage to components
of the system. In aspects, the bus bar 1314 can be connected via an active switch (e.g.,
1316a) and this switch needs to closed to complete the circuit, otherwise there is no path
for current to flow to the rails 1310 and 1312.

[0100] In aspects, the pair 1326a can connect to rail 1314 through two other terminals 1306
and 1324. Terminal 1306 is a positive terminal of MVCM 100a. Terminal 1324 is a
negative terminal of MVCM 100b. In aspects, terminals 1306 and 1324 can connect to a
switching and power delivery module 1316a. Again, the connections can be made via the
configuration jumpers 606. In aspects, the switching and power delivery module 1316a can
perform two primary functions. These include: (1) providing a switching mechanism to
complete the circuit by which the pair of MVCMs 1326a can supply the main high voltage
bus rails 1312/1310, and (2) providing a switching function to create a secondary mid
voltage on the secondary voltage rail 1314. The circuitry can pull from either the bottom
MVCM or the top MVCM to create this mid voltage without the need for transformers or
DC/DC components which increases the efficiency of creating a secondary voltage. This
latter functionality is also useful when MVCM voltages need to be balanced. Switching and
power delivery module 1316b is identical to switching and power delivery module 1316a

except it connects the pair of MVCMSs on the right side of the bus bar rails to the printed
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circuit board 608a. The circuitry for both functions (1) and (2) will be discussed further
below with respect to FIGS. 14 and 15.

[0101] In aspects, and as previously indicated, the printed circuit boards 608 can include
IsoSpi connectors 1322¢ and 1322d, a microcontroller 1318, and a low voltage connector
1320. Each of the MVCMs 100a and 100b also have IsoSpi connectors 1322a and 1322b.
In aspects, the IsoSpi connectors 1322a-1322d can be used as communication links that
allow the MVCMs (e.g., 100a and 100b) to communicate with the printed circuit board
608a to which they are attached. IsoSpi is a well-known standard and a person skilled in
the art reading this disclosure will know what an IsoSpi connector is. In aspects, the IsoSpi
connectors 1322a and 1322b can communicate information collected by sensors of the
MVCMs 100a and 100b. This information can include the cell voltage measurements, the
temperatures of the cells, etc. measured by sensors. This information can be relayed to the
components of the printed circuit boards 608 via its IsoSpi connector. In the case where the
communications are originating from the MVCM pair 1326a, this would be through IsoSpi
connector 1322¢. Once received, the information can be transmitted to other components
of the printed circuit board 608a, such as the microcontroller 1318 for further processing
and so the microcontroller can execute logic to control the MVCM pair based on the
information. For example, if a temperature of a MVCM (e.g., 100a) is determined to be too
high, the information can be relayed via the IsoSpi connector 1322a and 1322c¢ to
microcontroller 1318, which can have logic to take MVCM 100a offline to cut it off from
the rest of the system. Similarly, cell voltage measurements can be relayed to the
microcontroller 1318 so the microcontroller 1318 can perform functions such as cell
voltage balancing. Other functions can be performed based on what information is collected
and transmitted.

[0102] The microcontroller 1318 can contain the main logic to perform control functions
for each of the printed circuit boards 608. In aspects, each of the printed circuit boards 608
can have its own microcontroller similar to microcontroller 1318. In aspects,
microcontroller 1318 can execute the logic to make decisions to control the MVCM pairs
that it is assigned to control. The decisions can include bringing the MVCM pairs on or
offline based on the needs of the system. In aspects, microcontroller 1318 can be in
communication with other external systems and components, and can control the MVCM

pairs based on interactions with these other external systems and components. For example,
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in an EV application, microcontroller 1318 can be in communication with the on board
computer systems of the EV, and based on obtaining instructions from the on board
computer, can adjust and/or control which MVCM pairs comes online or offline. The
microcontroller 1318 can also be used to deliver information to the on board computer. For
example, the microcontroller 1318 can indicate the capacity of the MVCM pairs it controls
to the on board computer. That information can then be used by the on board computer to
inform vehicle operator of the range of the EV, before it needs to be charged. The
aforementioned is merely exemplary. A person skilled in the art reading this disclosure will
know what other capabilities and uses the microcontroller 1318 can have. In aspects,
microcontroller 1318 can be a S32K microcontroller manufactured by NXP Semiconductor
N.V. However, depending on the application in which the system is used, a different make
or model of microcontroller can be used.

[0103] In aspects, the printed circuit boards 608 can each also have a low voltage connector
1320. The low voltage connector 1320 is a connector that can connect printed circuit boards
608 together. The connections can be used to communicate information between the printed
circuit boards 608. For example, the printed circuit boards 608 can communicate the status
of the MVCMs they are controlling to one another, or any other suitable information that
is necessary to coordinate the operation between the printed circuit boards 608. In aspects,
this information can be communicated using the low voltage connector 1320 and relayed
to the microcontrollers of each of the printed circuit boards 608. In aspects, any controller
area network (CAN) bus standard compatible connector can be used as the low voltage
connector 1320.

[0104] FIG. 14 shows an example circuit 1400 used to bi-directionally transfer energy
to/from pairs of MVCMs and a secondary bus according to aspects of the disclosure. Circuit
1400 can be implemented in switching and power delivery modules {1316a, 1316b}.
Circuit 1400 shows a pair of MVCMs. For simplicity and for continuity the pair shown in
FIG. 1400 can be the pair 1326a (i.e., MVCM 100a and 100b) previously described with
respect to FIG. 13. MVCM 100a and 100b can be connected to H-bridge circuits 1416a and
1416b. The H-bridge circuits 1416a and 1416b enable bi-directional transfer of energy from
MVCMs 100a and 100b to the secondary bus via the transformer 1408. What allows the H-
bridge circuits 1416a and 1416b to bi-directionally transfer energy are MOSFETs 1402a-
1402h, which can work in pairs to transfer energy from the MVCMs 100a and 100b across



WO 2023/069319 PCT/US2022/046731
-25.

the transformer 1408 to a further H-bridge circuit 1416¢ which can deliver the energy via
further MOSFETs 1414a-1414d to the secondary bus. The same mechanism allows the
secondary bus to transfer power to the MVCMs 100a and 100b. Capacitors 1404a-1404b,
1406a-1406b, 1410, and 1412 are used in the circuit to smooth out the signals and to reduce
noise generated by the other components of circuit 1400.

[0105] Circuit 1400 allows for high power conversion efficiency using zero-voltage
switching under a wide voltage range. By splitting the battery side into a dual input (Va
using the H-bridge 1416a and Vb using H-bridge 1416b), circuit 1400 reduces the voltage
rating requirement of the MOSFETs while also allowing for different energy transfers to
occur. This is useful for battery balancing algorithms where different state-of-charge
(SOC), state-of-power (SOP), and state-of-health (SOH) may be optimally controlled.

[0106] In aspects, there are two fundamental modulation techniques that can be used using
circuit 1400 to transfer energy. The first is a Single Phase —Shift (SPS) technique. In the
SPS technique, the frequency is fixed and the duty-cycle is kept at 50% and a phase shift is
imposed between the inputs (Va, Vb) generated by the H-bridges 1416a and 1416b, and V¢
on the output side at H-bridge 1416¢. The phase-shift angle (-90° < ¢ < 90°), is used to
control the output power where the direction is determined by the sign of the angles
between Va/Vb and Vc. The maximum power shift transfer is reached at 90 ° for forward
mode or -90° for reverse mode. Dual input allows independent control of the Va and Vb
loops. The second technique is a Pulse-Phase Modulation (PPM) technique. The PPM
technique is identical to the SPS technique, but with the duty-cycle variable allowing a
greater fidelity of control and the ability to reduce reactive currents.

[0107] Using the SPS and PPM techniques and circuit 1400, energy can be bi-directionally
transferred between all control loops: Va+Vb to V¢, Vcto Va+Vb, Vato Ve, Vcto Va, Vb
to Ve, Ve to Vb, Va to Vb, and Vb to Va. In aspects, the Vc power loop can be used for
typical power take-off loads such as: air conditioning inverter/compressor, power steering,
DC-DC for 12/24V battery nets, etc. The output voltages can also be configured for
commercially available devices. In aspects, the V¢ power loop can also be used as a source
for charging. For example, on-board level-1/2 chargers with the addition of an AC/DC
power factor correction (PFC) front end, and allows for flexibility in mix/matching MVCM

blocks with different SOC/SOH allowing equalization.
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In aspects, the architecture shown for circuit 1400 can be adapted to a dual-input,
multiple-output that shares the MVCM source. For example, the source can include:
AC/DC for onboard charger (~10 to 20kW), and the loads can include: (1) DC/AC for AC
inverter (mini-grid) (~10 to 20kW), (2) DC/DC for air conditioning/power steering
(~4kW), (3) DC/DC for 24V net battery system (~4kW), (4) DC/DC for 12V net battery
system (~4kW).

FIG. 15 shows an example circuit 1500 used to connect/disconnect the pairs of
MVCMs to the secondary bus according to aspects of the disclosure. Portions of circuit
1500 can be implemented in switching and power delivery modules (e.g., 1316a or 1316b).
For example, each segment labeled “A,” “B,” “C,” “D,” etc. can be implemented in each
switching and power delivery module. Circuit 1500 shows pairs of MVCMs. For example,
these can correspond to the pairs of MVCMs shown in FIG. 13 (e.g., {1326a,...,1326n}).
As indicated with respect to FIG. 13, each of these pairs can comprise two separate
MVCMs. For example, the pair 1326a can comprise MVCMs 100a and 100b. Similarly,
pair 1326b can comprise MVCMSs 100c and 100d. Other pairs are shown in FIG. 15 and
can be represented by MVCMs labeled {100e,...,100h}. In aspects, switches
{1500a,...,1500k} can be toggled in an on/off state to allow each of the MVCMs to connect
to the secondary bus (i.e., bus bar 1314). The switches can be implemented by MOSFETs.
In aspects, the toggling can be controlled by the microcontroller of the printed circuit boards
608 assigned to control the MVCM pairs.

The above description and embodiments of the disclosed MVCM 100, MVCB 500,
and system are not intended to be exhaustive or to limit the disclosed MVCM 100, MVCB
500, and system. While specific examples for the MVCM 100, MVCB 500, and system are
described above for illustrative purposes, various equivalent modifications are possible
within the scope of the disclosed MVCM 100, MVCB 500, and system, as those skilled in
the relevant art will recognize. For example, while processes and methods are presented in
a given order, alternative implementations may perform routines having steps, or employ
systems having processes or methods, in a different order, and some processes or methods
may be deleted, moved, added, subdivided, combined, or modified to provide alternative
or sub-combinations. Each of these processes or methods may be implemented in a variety

of different ways. Also, while processes or methods are at times shown as being performed
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in series, these processes or blocks may instead be performed or implemented in parallel,

or may be performed at different times.

Dynamic System Control/Configuration

[0111] FIG. 16 shows an example system level diagram 1600 showing how dynamic
system control and configuration is performed between a device 1602 and the MVCB with
connected MVCM pairs {1604a, 1604b, 1604c...,1604n} installed thereon according to
aspects of the disclosure. The connections shown between the MVCB and MVCM pairs
are the same as those described with respect to FIGS. 13-15 and all the disclosures related
to the circuitry, connections, and functions described with respect to those figures applies
to FIG. 16.

[0112] In aspects, dynamic system control and configuration can be implemented using
software. In aspects, the software can be stored on a non-transitory computer readable
medium on hardware components of the device 1602 and/or the MVCB. For example, the
software can be stored on a memory component or module of the printed circuit boards
(PCBs) 608 of the MVCB, and can be executed by one or more of the microcontrollers of
the PCBs 608 (e.g., microcontroller 1318). If the software is implemented across the device
1602 and the MV CB, the portions of the software can be stored on non-transitory computer
readable media stored in memory components or modules on the device 1602 and MVCB,
and can have the portions executed by a microcontroller or processors of these devices. If
implemented amongst these devices, the software installed on each of the devices can work
in conjunction with each other to implement the dynamic system control and configuration.
The software can interface via application programming interfaces (APIs), or via other
interfaces that allow the software to pass data back and forth between the components to
control the delivery of energy to and from the device 1602 and the MVCB/MVCMs.

[0113] Dynamic system control and configuration can be invoked and/or relates to
instances when the system is being brought on or offline, or in the instances where the
system is operationally functioning and being monitored to determine the energy
requirements of the device 1602. In such instances, the system needs to be initialized,
configured, and monitored to determine the energy needs of the device 1602, and to
determine how much energy can be delivered by the MVCMSs to the device 1602. The
dynamic system control and configuration is an example process by which this

initialization, configuration, and monitoring is performed, and shows how information and
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energy is transmitted bi-directionally between components to perform the initialization,
configuration, and monitoring so that the appropriate amount of energy can be delivered to
the device 1602. In instances, energy can also be transmitted from the device 1602 to the
MV CMs in the case where the device 1602 serves as a charging port/station for the cells of
the MVCMs.

[0114] In aspects, the device 1602 can be one of a vehicle (a car, a truck, an airplane, a
boat, etc.), or part of a device that serves as a wall or part of a wall for a house that uses the
system for a home energy storage application, or any other large grid-tie system application.
These are exemplary of what the device 1602 can be, and those skilled in the art will
recognize the use cases based on this disclosure. For the purposes of FIG. 16, the dynamic
system control and configuration will be described assuming the device 1602 is a vehicle
on which the MVCB/MVCMs are attached, for example, the underside of an Electric
Vehicle (EV).

[0115] In aspects, dynamic system control and configuration can begin when the device
1602 indicates to the MVCB that the device 1602 is powered on and needs energy to
perform its functions. In the instance where device 1602 is a vehicle, this can be done when
the vehicle is powered on via an ignition switch, button, etc. In aspects, the device 1602
can send a signal to a microcontroller on a PCB of the MVCB. In aspects, the
microcontroller can be the microcontroller of a master PCB 1606. The master PCB 1606
refers to a PCB of the MVCB that serves as an interface between the device 1602 and the
rest of the MVCB PCBs (and their components) and the MVCMs. The master PCB 1606
can contain the logic that can perform the coordination functions to gather and transmit
data to/from the device 1602 and the MVCB PCBs and the MVCMs.

[0116] In aspects, once the master PCB 1606 receives the signal, it can perform a
handshake process so the device 1602 can be connected to the MVCB so that data can be
passed back and forth between the MVCB, MVCMs, and the device 1602. In aspects, the
device 1602 can transmit (and the master PCB 1606 can receive) energy requirement
information of the device 1602. In order to transmit the energy requirement information,
the device 1602 can have one or more modules that can perform system range calculations
indicating the energy requirements of the device 1602. For example, the system range
calculations refer to values or computations indicating the energy requirements of the

device 1602 over a period of time or a distance. For example, in the case when the device
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is a vehicle, the system range calculations can indicate how much energy the vehicle needs
to travel a distance or how much energy the vehicle needs if it is to travel for a period of
time, etc. In order to facilitate these system range calculations, the device 1602 can have
various other modules, components, or data files that can store data and/or perform or be
used in performing computations or measurements that can be used to determine the system
range calculations. Additionally, the device 1602 can have various modules or components
that can distribute any energy transmitted to the device 1602 based on the MVCMs sending
energy to the device 1602 based on the energy requirement information. For example, and
in aspects, the modules, components, and/or data files can include:
e An Energy/Power Usage Profile, which can indicate how much energy the device
1602 uses when running at full capacity, what components (AC units, power steering,
etc.) require energy and how much, what the minimum amount of energy required to

power the device 1602 is, etc.

e An Energy/Power Distribution Manager, which can have a set of rules indicating and
managing how energy is distributed amongst the components of the device 1602 once

it is received.

e An Energy/Power Load Manager, which can facilitate the distribution of the energy to

the components of the device 1602.

e A Safety/Protection Manager, which can serve to monitor how much energy is
received by the device 1602 and monitor for any irregularities, surges in energy, or
sudden depletion of energy, so that any dangerous scenarios leading to meltdowns,

fires, explosions, etc. can be avoided.

e A Thermal Management module, which can work in conjunction with the
Safety/Protection Manager to monitor the temperature of the device 1602 and monitor

for any overheating conditions and/or assist in the heating/cooling of components.

[0117] The aforementioned are exemplary modules, components, and/or data files that the
device 1602 can have, that can be used to determine the system range calculations. The
above mentioned modules can be used to determine the system range calculations because

they can be factors as to how much energy is being used, needs to be used, or is expected
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to be used. In aspects, the system range calculations can be performed continuously and
can be dynamic. Based on various conditions that the device 1602 encounters and/or
changes in circumstances for the device 1602, the system range calculations can change
dynamically, thus changing the energy requirements for the device 1602. In aspects, this
can trigger more or less energy to be delivered to the device 1602 by the MVCMs.

[0118] In aspects, the master PCB 1606 can also receive, from one or more of the MVCMs,
information indicating an energy state of each of the MVCMs. This information can be
used, in conjunction with the energy requirement information received from the device
1602, to determine whether the MVCMSs can deliver the required energy to the device 1602.
In aspects, the information indicating the energy state of each of the MVCMs can include
a cell voltage, a cell temperature, and a cell identification value. The cell voltage can
indicate how much voltage each of the cells in the MVCMs can deliver individually or in
aggregate. The cell temperature can indicate the temperature of each of the cells in the
MVCMs individually or in aggregate. The cell identification can be a value identifying
from which cell or cell group the information is coming from. In aspects, each cell of the
MV CMs or each of the MVCMs can have its own unique cell identification value.

[0119] In aspects, based on the information indicating an energy state of each of the
MVCMs, the master PCB 1606 can execute logic to determine how many and which
MV CMs are available to deliver energy to the device 1606 based on the energy requirement
information and the information indicating the energy state of each of the MVCMs. In
aspects, once it is determined how many and which MVCMs are available to deliver energy
to the device 1602, the master PCB 1606 can switch on (to an online state), each of the
MVCMs or MVCM pairs available to deliver energy to the device 1602. In aspects, this
can be done by having the microcontroller of the master PCB 1606 generate a signal or
series of signals that result in a switch being turned on to connect the MVCMs to the bus
bars (the main bus bar 604 and the secondary bus) to deliver energy to the device 1602.
This can be done by, for example, transmitting signals to each of the switching and power
delivery modules (e.g., 1316a, 1316b, etc.) of each of the PCBs of the MVCB, to turn those
switches on for the MVCMs determined to be able to deliver energy to the device 1602, by
connecting them to the bus bars.

[0120] In aspects, once the MVCMs are connected to the bus bars, the microcontroller of

the master PCB 1606 can monitor each of the MVCMs and the energy requirement
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information continually transmitted by the device 1602, to determine if there are any
changes to the energy requirement information or the information indicating the energy
state of each of the MVCMs such that any MVCMs have to be brought on or offline to
meet the energy requirements of the device 1602. If any changes in the energy requirement
information or the information indicating the energy state of each of the MVCMs is
detected, the microcontroller can determine whether any of the MVCMs should be
disconnected or connected to meet energy requirements of the device 1602. For example,
if the device 1602 sends an updated system range calculation indicating that it will be
travelling farther than originally planned or taking a detour, additional MVCMs can be
connected to the bus bars to deliver the extra energy needed to complete the route. In
another example, if the device 1602 indicates that additional components are being used
such as AC units, power steering, heaters, etc. that require extra energy, additional MVCMs
can be connected to the bus bars to deliver the extra energy required by these components.

[0121] In aspects, the same monitoring can result in MVCMs being disconnected from the
bus bars. For example, if certain cells of the MVCMs drop below a threshold voltage so
that they cannot be rebalanced to store additional energy and they cannot deliver sufficient
energy to the device 1602, they can be disconnected from the system. Another scenario in
which MVCMs can be disconnected is if the cells of one of the MVCMs gets damaged,
overheats, or fails. In this case, the MVCM in which the cells are housed can be
disconnected from the bus bars using the active switches and circuitry discussed with
respect to FIGS. 14 and 15.

[0122] The ability to connect and disconnect MVCMs is a significant improvement over
conventional battery systems because in conventional systems, when one of the cells fails
the entire system must be shut down, because conventional systems are configured to
operate based on the lowest voltage cell and once that lowest voltage cell no longer delivers
power everything has to be disconnected. In the disclosed system, this is not the case and
MV CMs can be disconnected from the system and voltages can be rebalanced dynamically
to keep the device 1602 operational. Additionally, conventional systems cannot connect
MVCMs dynamically to add additional power to the device 1602 if needed. This ability to
connect and disconnect MVCMs is an important feature that allows for the system to be

flexible and modularized. It is also important for safety because if any of the MVCMs fails,
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is faulty, and/or poses a safety threat (e.g., threat of explosion, fire, etc.), it can be quickly
disconnected with minimal disruption to the operation of the device 1602.

[0123] In aspects, the master PCB 1606 can also deliver information about the state of the
MV CMs to the device 1602 so that the device 1602 can be aware of the MVCMs ability to
deliver energy to the device 1602. In aspects, this information can be used to provide
feedback to an operator or computer of the device 1602, so that the operator or computer
can determine how much energy it can expect from the MVCMs. For example, state of
energy (SOE), state of charge (SOC), and state of health (SOH) information of one or more
of the MVCMs can be collected by the master PCB 1606 and can be transmitted to the
modules, components, data files, etc. of the device 1602. This information can be displayed
on a display unit of the device 1602 (e.g., a screen or display of the vehicle) to notify the
operator or can be used in computations performed by a computer of the device 1602. In
aspects, based on this information the operator or computer can adjust the operation of
components of the device 1602 to accommodate its energy requirements. For example, if
the information about the state of the MVCMs indicates that some of the MVCMs cannot
deliver enough energy so that the device 1602 cannot complete its planned route, the
operator and/or computer of the device 1602 can be alerted, and can take
corrective/remedial action, such as shut off unnecessary components using energy (e.g.,
AC units, power steering, heating systems, etc.) so as to conserve and divert energy to other
components of the device 1602 (e.g., the engine, transmission, etc.) to allow it to complete
its route.

[0124] In aspects, based on the dynamic adjustments that can occur and energy
requirements of the device 1602, the voltages of the cells of the MVCMs need to be
adjusted. Thus, the device 1602 and/or the microcontroller of the master PCB 1606 can

send rebalance signals to the MVCMs to rebalance the voltages across their cells.

Enhanced Safety System

[0125] The system described with respect to FIG. 16 can also have software implemented
to provide enhanced safety features. In aspects, the software can be stored in memory
devices of the master PCB 1606 and executed using the microprocessor of the master PCB
1606. The software can implement the enhanced safety features by continuously
monitoring certain parameters for each of the MVCM pairs and compare these parameters

to threshold values. If it is determine that the parameters exceeds or drops below certain
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operating ranges as indicated by the threshold values, the software can take certain actions.
In aspects, these can include: (1) take no action, (2) give a warning to an operator or further
components of the system, (3) reduce performance, or (4) disconnect energy blocks (i.e.,
MVCMs) from the system. Which action is taken is based on the various parameters
exceeding or dropping below certain operating ranges can be customized and/or determined
by a designer of the system.

[0126] In aspects, the parameters that can be continuously monitored can include: (1) Over-
Current of the MVCMs, (2) State of Charge of the MVCMs, (3) State of Power of the
MVCMs, (4) State of Health of MV CMs, (5) Cell over/under temperature of the MVCMs,
(6) Cell over/under voltage of the MVCMs, (7) Communications to/from MVCMs. In
aspects, each of these parameters can have its own threshold values that can prompt the
system to take a safety action. The values above and/or below the threshold values can
indicate a failure in overall system, which can result in some or all of the MVCMs being
disconnected so that they no longer deliver energy to the device 1602.

[0127] The Over-Current refers to an amount of current measured going into/out of each
of the MVCM pairs. This can be measured using a shunt circuit (as discussed with respect
to FIGS. 14 and 15). If the current exceeds threshold values for current going into/out of
each of the MVCM pairs, the microcontroller can send a signal to, for example, activate a
switch to shut off or disconnect the MVCM pair from the rest of the system. In aspects, the
thresholds can be based on the cell chemistry characteristics for both charge and discharge.
For example, with 2 cells in parallel the discharge maximum can be 80A and the charge
maximum could be 30A.

[0128] The State of Charge refers to the battery cell level of charge relative to its capacity
(gas gauge function equivalent). Thresholds for the State of Charge can be 100% and 0%
depicting the operating range of the battery cell.

[0129] The State of Power refers to the battery available power that may be safely drawn
from the battery cells. Thresholds for the State of Power can be 40kw for each MVCM pair.

[0130] The State of Health refers to the battery capacity and resistance for the battery cells
relative to its ideal when new. Thresholds for the State of Health can be between 100-80%

typically before service would be recommended.
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[0131] The Cell over/under temperature refers to the temperature of the battery cells of the
MVCMs. Thresholds for the battery cells can be 60 degrees Celsius for the cell over
temperature and -30 degrees Celsius for the cell under temperature.

[0132] The Cell over/under voltage refers to the voltage value of the MVCMs. Thresholds
for the Cell over/under voltage can be for example, 2.7V on the minimum and 4.2V on the
maximum. Therefore if the cell voltage drops below or goes above these voltages a safety
action can be taken.

[0133] The Communication to/from the MVCMs refers to communication signals coming
from or going to MVMCs. In aspects, the master PCB 1606 can send check status signals
or heartbeat signals to the MVCM pairs. If there is no response after a threshold period of
time, e.g., in milliseconds, seconds, etc., the microcontroller can determine that there is
something wrong with the MVCMs and take a safety action.

[0134] The above described enhanced safety features improve conventional systems
because conventional systems do not have the ability to dynamically monitor and
disconnect MVCMs or cells from the rest of the system, and allow a device, to continue
operation. This is a unique aspect of the disclosed energy system. Conventional systems
merely shut the entire system down or disconnect all the battery cells when a safety
condition is encountered. Thus, the disclosed system provides significant improvement
because it has the ability to isolate a faulty part of the battery system while allowing the

overall system to continue functioning.

Adaptive Range Calculation

[0135] As discussed with respect to FIG. 16, the device 1602 can perform dynamic system
range calculations. As previously indicated, the system range calculations can be affected
by and/or take into account the State of Charge, State of Health, Cell temperature
connection status of the MVCMs. In aspects, software components in the master PCB 1606
continuously monitor the aforementioned parameters and provide them to the device 1602
to calculate the system range calculations. In aspects, the software, based on the parameters,
can continuously and statistically estimate: (1) a dynamic total capacity (energy block total
capacity) based on how many MVCMs are online, (2) how much fuel/energy those
MVCMs have to deliver, (3) an estimate of how much power will be consumed by the

device 1602 during its trip, and (4) drivetrain statistical mileage per kWh.
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[0136] As indicated, these statistics can change dynamically and computations are
continuously made based on potentially changed parameters and circumstances. For
example, if MVCMs are disconnected, this will change the system’s overall capacity to
deliver power to a vehicle, and therefore, the system range calculations will need to be
performed to inform what the vehicle’s requirements are and how much the power the
MVCMs can deliver. It may be that power will have to be diverted to/from components
(e.g., AC units, heaters, etc.) so that the vehicle can complete its journey based on the
updated system range calculations.

[0137] The disclosed system is unique in that its system range calculations can be
dynamically account for the fact that MVCMSs can be connected and disconnected from the
battery management system. Conventional systems do not have such system range
calculations that account for these conditions because typically battery management

systems do not have the ability to connect/disconnect energy blocks (i.e., MVCMs).

Adaptive Connection/Balancing

[0138] As previously indicated with respect to FIG. 16, the one of the novel features of the
system is that it can bring MVCMs online and offline dynamically. An issue arises when
trying to bring MVCMs online, which is that the MVCMs have to have their voltages
matched to the voltages of the other MVCMs already online before they can be connected
to the system. For example, taking the instance where MVCMs are installed and each has
a State of Charge that is full charge. The other MVCMs in operation for the system can be
partially charged because they have been in use. The newly installed MVCMs would need
to have their voltage balanced to match the rest of the MVCMSs before they can be brought
online and connected with the rest of the system. The danger of not doing this balancing is
that if the newly installed MVCMs were brought online when there is a voltage differential,
a huge inrush of current would occur into the system and cause the wires and bus bars to
potentially burn or get damaged as a result of the heat generated. This would cause a
potentially hazardous condition.

[0139] Typically, how this situation is dealt with is to manually balance the voltages if new
MVCMs are installed. This would typically be done by a technician, who would have to
measure the system voltage of the MVCMs and manually charge or discharge the MVCMs

to bring them within the same range and then connect the newly installed MVCMs. This is
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highly undesirable because can only occur when the device 1602 is inoperable. It is also
time consuming and requires a third party.

[0140] The disclosed system provides a software mechanism that automates this process
and dynamically brings the MVCMs online dynamically by performing a monitoring and
determination of when to bring any MVCMs online. In aspects, this can be done by having
software installed on the master PCB 1606 monitor for any MVCMs that are waiting to be
brought online. This can happened by the MVCMs sending a signal to the master PCB 1606
indicating they would like to be queued to be brought back online. In aspects, once notified
that there are MVCMs waiting to be brought online, the master PCB 1606 can compute the
State of Charge and average open circuit voltage for the MVCMs waiting to be brought
online to determine what voltage they are at. In aspects, a connection eddy current is
computed for each energy block in the pool using a direct current resistance. In aspects, a
connection vector is determined based upon allowable eddy current and State of Charge
ranges for connecting the MVCMs to the rest of the system. In aspects, the system can wait
until the ranges are in line between the MVCMs waiting to be brought online and the rest
of the MVCM:s.

[0141] There are typically two ways in which the voltages and eddy currents can be brought
in line. The first is that the MVCMs that are already online have to be charged to be brought
up to the same voltage of the MVCMs waiting to be brought online. The second is to
discharge the MVCMs that are waiting to be brought online to a lower voltage level so they
can match the rest of the MVCMs currently online. In aspects, this can be done using
resistors to dissipate the current of the MVCMs waiting to be brought online. Alternatively,
the MVCMs waiting to be brought online can be used in auxiliary functions to dissipate
some of their energy so that when they are brought down to the same voltage as the other
MV CMs they can be connected to the rest of the system.

[0142] In aspects, balancing algorithms can be used that have the following calibratable
targets to bring MVCMs online: (1) SOC at a calibratable target with minimal passive
balancing (i.e., the SOC’s are equal when SOC is at a target percentage: 0%, 50%, 100%),
(2) offline energy block’s once they hit a minimum SOC level (needs SOP coordination);
(3) offline energy block’s once they hit a maximum SOC level (needs SOP and charging

coordination).
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[0143] In aspects, inter-energy block cell balancing is accomplished using passive
balancing with calibratable modes: passive balance allowed per calibratable operating
envelopes; passive balance during charge only; passive balance uninhibited.

[0144] In aspects, energy block to block balancing is accomplished by bringing modules
online/offline dynamically when SOC range is close enough and eddy currents are small
enough (both calibratable). In aspects, this occurs during charge and discharge cycling that
will allow all MVCMs waiting to be connected to connect.

[0145] In aspects, an out of range energy block (MVCM) can be brought online by utilizing
active components (such as resistors) to dissipate the energy of the block and bring it in
line with the rest of the MVCMs.

[0146] The aforementioned improves conventional systems because it provides an
automated way of bringing MVCMSs online. As indicated, conventionally, this has to be
done manually. However, the disclosed system allows this process to be automated and
controlled through software. Moreover, this process can be done while the device 1602 is
operational. This is an improvement over conventional systems in which this process would

have to be done when the device 1602 is not operational.

Adaptive SOC/SOP/SOH Computations

[0147] As indicated with respect to FIG. 16, the system is dynamically able to bring
MVCMs online or offline. This inevitably affects the computations done with respect to
the State of Charge (SOC), State of Power (SOP), and State of Health (SOH) of the
MVCMs. This information is critical to the device 1602, which needs to know this
information in order to perform the system range calculations and various other
computations to determine how best to use the available energy the MVCMs can provide
to operate and perform its functions. Thus, these various parameters such as the SOC, SOP,
and SOH have to be computed taking this dynamic nature into account.

[0148] Thus, in aspects, when computing the SOC, SOP, and/or SOH, the system must
account for factors such as: energy block connection status, different current flows, eddy
currents when energy blocks are connected, SOH direct current resistance, SOH capacity
of the MVCMs, different SOP of the MVCMs, different temperatures of the MVCM:s.

[0149] Typical computations for these parameters in conventional battery management
systems do not account for such factors because they do not have to. This is because

conventional systems do not have the capability to bring energy units (i.e., the MVCMs)



WO 2023/069319 PCT/US2022/046731
-38 -

online and offline dynamically. Thus, the computations performed by the system are unique
and custom given its ability to perform this dynamic bringing online/offline of energy

components.

Adaptive Thermal Estimation

[0150] As indicated with respect to FIG. 16, the system is dynamically able to bring
MVCMs online or offline. This inevitably affects the computations done with respect to
the thermal properties of the MVCMs. This information is critical to the device 1602, which
needs to know this information in order to perform the system range calculations and
various other computations to determine how best to use the available energy the MVCMs
can provide to operate and perform its functions. Similar to the considerations as described
with respect to the computations done for the SOC, SOP, and SOH, computations regarding
the thermal properties have to be computed taking this dynamic nature into account.

[0151] In aspects, when computing the thermal properties, the system must account for
factors such as: energy block connection status, different current flows, eddy currents when
energy blocks are connected, different temperatures of the MVCMs, different SOC and
SOH of each of the MVCMs.

Adaptive On-Board Diagnostics

[0152] Because of the dynamic nature of the system, the diagnostics of the MVCMs also
has to be computed dynamically by software of the master PCB 1606. Parameters such as:
Cell over/under/out-of-range current sense, Cell over/under/out-of-range voltage sense,
Cell over/under/out-of-range temperature sense, Cell over/under SOC, Cell over/under
SOH - discharge capacity resistance (DCR), Cell over/under SOH — capacity, Cell
open/short of a bus bar, Energy block open/short of a bus bar are continuously monitored
for each of the MVCMs. In aspects, the master PCB 1606 can store these and other
calculations for the MVCMs locally in memory components. In this way, if the MVCMs
are moved or relocated within the system (connected, disconnected, etc.), the MVCM state
information can be known and accessed. This can be done using the cell identification
value, which can be used to track the state of each of the cells in the MVCM and/or the
MVCMs.
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Applications/Improvements Provided by the System

[0153] The system provides several enhancements, improvements, and benefits compared
to conventional system.

[0154] With respect to safety, the system by being modularized and controllable using
active switches to bring MVCMSs online/offline, can provide enhanced safety in situations
when the system is used in EVs and when the EV crashes. For example, in the event of an
EV cash, the MVCMs can be disconnected in order to minimize high voltage short-circuits
that may cause explosions and fires.

[0155] With respect to SOH balancing, MVCMs with lower SOH as determined by the
threshold conditions previously discussed can have their usage reduced during normal
driving cycles in EV applications. On the other hand, MVCMs with higher SOH as
determined by the threshold conditions previously discussed can have higher usage rates.
In this way, the system can maximize its SOH/capacity to deliver power over its lifecycle
and increases the lifecycle of the battery backs. Additionally, unhealthy MVCMSs can be
disconnected and kept in a monitored safe-state.

[0156] The system, by continuously detecting and monitoring the energy requirements of
devices and the state of the MVCMs can provide enhanced/improved diagnostic and safety
features. For example, when a the system is offline, a continuous safety monitor can run at
a calibratable frequency and transition from a sleep state when the system needs to come
back online. Additionally, an internal isolation detection can be performed and
determined/detect isolation resistance conditions that may cause undesirable shorting or
grounding. In aspects, the determination/detection can be done by cycling through the
healthy pool of MVCMs. To aspects, this can be done in addition to the discharge
monitoring,

[0157] In aspects, the system provides for improved balancing of MVCMs to deliver power
to components without wasteful passive techniques. For example, using active switches,
the secondary bus bar (1314) can be activated to deliver power to components requiring
lower voltages.

[0158] In aspects, the system can also improve/enhance charging of the MVCMs. For
example, because the MVCM pairs can be brought on and offline using active switches

MV CMs that are at full charge can be disconnected during charging so that the energy used
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to charge the MVCMs can be delivered to those MVCMs that need to be charged. This also
speeds up charging by not having to protect for the highest SOC.

[0159] In aspects, the system can also improve discharging range by disconnecting
MVCMs that are empty. This can extend the range of the system in applications because
by disconnecting MVCMs that are empty, the system no longer has to protect for the lowest
SOC.

[0160] In aspects, the system also improves safety/SOH by differentiating between
individual MVCM end-points. This allows maximum capacity and power to be delivered
by the MVCMs without being driven by the weakest MVCMs. Conventional systems are
driven by the weakest cells and when the weakest cells go offline, the entire system has to
be shut down. This feature is made possible because of the use of active switches that can

bring individual MVCM pairs online/offline to allow for continued operation.

Method of Manufacturing an MVCM

[0161] FIG. 17 shows an example method 1700 of manufacturing the MVCMs according
to aspects. Method 1700 is shown as a series of steps. At step 1702, a plurality of burst
discs are attached to a top cover. At step 1704, a plurality of flame arrestors are attached to
a bottom portion of the top cover. At step 1706, a plurality of battery cell isolation sleeves
are placed within a body of a main housing. At step 1708, a plurality of battery cells are
placed within a cavity of the plurality of battery cell isolation sleeves. At step 1710, a cell
retention tray is placed in between the bottom portion of the top cover and a top portion of
a main housing to enclose the plurality of battery cells. At step 1712, the bottom portion of
the top cover is attached to the top portion of the main housing. At step 1714, a plurality of
conducting springs are attached to a bottom portion of the main housing. At step 1716, a
printed circuit board is attached to the plurality of conducting springs, wherein the printed
circuit board comprises a plurality of output terminals integrated thereon. At step 1718, a
bottom cover is attached to the bottom portion of the main housing to enclose the printed

circuit board.

Method of Manufacturing an MVCB

[0162] FIG. 18 shows an example method 1800 of manufacturing the MVCBs according
to aspects. Method 1800 is shown as a series of steps. At step 1802 a plurality of isolation

trays is attached to a main housing. At step 1804, a plurality of configuration jumpers is
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attached to the plurality of isolation trays. At step 1806, a plurality of printed circuit boards
is attached to the plurality of isolation trays. At step 1808, a main bus bar is attached to the
plurality of printed circuit boards. At step 1810, a top portion of the main housing is
attached to a bottom portion of a top cover to enclose the plurality of isolation trays, the
plurality of configuration jumpers, the plurality of printed circuit boards, and the main bus

bar.

Method of Performing Dynamic Energy Control

[0163] FIG. 19 shows a method 1900 of performing dynamic energy control according to
aspects. Method 1900 can be performed using a microcontroller of the master PCB 1606.
The microcontroller can execute instructions stored on a non-transitory computer readable
medium to perform the functions of method 1900. Method 1900 is shown as a series of
steps. At step 1902, energy requirement information of a device (e.g., device 1602) is
received from the device. At step 1904, information indicating an energy state of each of
the MVCMs is received. At step 1906, a determination is made as to how many MVCMs
are available to deliver energy to the device based on the energy requirement information
and the information indicating the energy state of each of the MVCMs. At step 1908, each
of the MVCMs determined to be available to deliver energy to the device is switched to an
online state. At step 1910, each of the MVCMs and the energy requirement information 1s
monitored to determine any changes in the energy requirement information or the
information indicating the energy state of each of the MVCMs. At step 1912, if any changes
in the energy requirement information or the information indicating the energy state of each
of the MVCMs is detected, a determination is made whether any of the MVCMSs should be
dynamically disconnected or connected to meet energy requirements of the device. The
dynamic disconnection or connection can be done using active switches as discussed with
respect to FIG. 1-16.

[0164] It is to be appreciated that the Detailed Description section, and not the Abstract is
intended to be used to interpret the claims. The Abstract section may set forth one or more
but not all possible embodiments of the present disclosure as contemplated by the
inventor(s), and thus, are not intended to limit the claims in any way.

[0165] The foregoing disclosure outlines features of several embodiments so that those
skilled in the art may better understand the aspects of the present disclosure. Those skilled

in the art will appreciate that they may readily use the present disclosure as a basis for
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designing or modifying other processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments introduced herein. Those skilled
in the art will also realize that such equivalent constructions do not depart from the spirit
and scope of the present disclosure, and that they may make various changes, substitutions,

and alterations herein without departing from the spirit and scope of the present disclosure.
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WHAT IS CLAIMED IS:

An apparatus for a multi-voltage configurable module (MVCM) comprising:

a plurality of burst discs;

a top cover coupled to the plurality of burst discs;

a plurality of flame arrestors coupled to the top cover;

a main housing;

a plurality of battery cells;

a cell retention tray coupled to the main housing for retaining the plurality of battery
cells;

a printed circuit board;

a plurality of conducting nails coupled to the plurality of battery cells and further
coupled to the printed circuit board;

a plurality of battery cell isolation sleeves each coupled to one of the plurality of
battery cells and configured to isolate each of the plurality of battery cells;

the main housing coupled to the top cover and configured to hold the plurality of
battery cell isolation sleeves;

a plurality of conducting springs coupled to a bottom of the main housing;

the printed circuit board coupled to the plurality of conducting springs;

a plurality of output terminals coupled to the printed circuit board, wherein the
plurality of output terminals are configured to deliver output voltage generated by the
plurality of battery cells to a multi-voltage configurable backplane (MVCB); and

a bottom cover coupled to the main housing.

The apparatus of claim 1, wherein the plurality of battery cells are mechanically isolated

into eight individual forty-eight volt sections.

The apparatus of claim 1, wherein the plurality of battery cells can comprise different

battery types.

The apparatus of claim 1, wherein the top cover, bottom cover, and main housing form an

enclosure for the MVCM encapsulating the plurality of flame arrestors, the cell retention
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tray, the plurality of battery cells, the plurality of conducting nails, the plurality of battery
cell isolation sleeves, the plurality of conducting nails, the plurality of conducting springs,

and the printed circuit board.

The apparatus of claim 1, wherein the cell retention tray comprises:
cell bus bars wire bonded above the surface of the cell retention tray, and
wherein the cell retention tray mechanically isolates the plurality of battery cells from each

other.

The apparatus of claim 5, wherein cell bus bars are wire bonded as a continuous string

connecting each segmented group of the plurality of battery cells.

The apparatus of claim 1, wherein the plurality of output terminals are further configured

to couple to a plurality of configuration jumpers of the MVCB.

An apparatus for a multi-voltage configurable backplane (MVCB):

a top cover coupled to a main housing;

a main bus bar coupled to a plurality of circuit boards configured to store electronic
components for controlling the energy output of a plurality of multi-voltage configurable
modules (MVCMs);

a plurality of configuration jumpers coupled to the plurality of printed circuit boards
and further coupled to a plurality of output terminals of MVCMs, wherein the plurality of
configuration jumpers receive output voltage generated by a plurality of battery cells of the
MVCM;

the plurality of isolation trays coupled to the plurality of configuration jumpers; and

the main housing coupled to the plurality of isolation trays to provide mechanical

retention for the MVCM.

The apparatus of claim 8, wherein the electronic components are configured to dynamically

control the MVCMs.

The apparatus of claim 8, further comprising a secondary bus.
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The apparatus of claim 8, wherein the MVCM is detachable from the main housing.

The apparatus of claim 8, wherein the MVCB is configurable to take a shape allowing for
the MVCB to couple to a body of a vehicle.

The apparatus of claim 8, wherein the electronic components comprise active switches for

connecting or disconnecting the MVCM from the MVCB.

The apparatus of claim 8, wherein the electronic components are configured to control up

to four MVCMs.

The apparatus of claim 8, wherein the main bus bar is located along a spine of the MVCB.

The apparatus of claim 8, wherein the main housing comprises integrated cooling

provisions to cool the MVCM.

A vehicle comprising:
a plurality of multi-voltage configurable modules (MVCMs);,

a multi-voltage configurable backplane (MVCB) configured to mechanically retain
the plurality of MVCMs; and

a vehicle bed coupling the MVCB to the body of the vehicle.

The vehicle of claim 17, wherein the MVCMs and MVCB provide structural support for

the vehicle.

The vehicle of claim 17, wherein the vehicle comprises: an automobile, an aircraft, or a

shipping vessel.

A method of manufacture of a multi-voltage configurable module (MVCM) comprising:
attaching a plurality of burst discs to a top cover;

attaching a plurality of flame arrestors to a bottom portion of the top cover;
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placing a plurality of battery cell isolation sleeves within a body of a main housing;

placing a plurality of battery cells within a cavity of the plurality of battery cell
isolation sleeves;

placing a cell retention tray in between the bottom portion of the top cover and a
top portion of a main housing to enclose the plurality of battery cells;

attaching the bottom portion of the top cover to the top portion of the main housing;

attaching a plurality of conducting springs to a bottom portion of the main housing;

attaching a printed circuit board to the plurality of conducting springs, wherein the
printed circuit board comprises a plurality of output terminals integrated thereon; and

attaching a bottom cover to the bottom portion of the main housing to enclose the

printed circuit board.

A method of manufacture of a multi-voltage configurable backplane (MVCB) comprising:
attaching a plurality of isolation trays to a main housing;
attaching a plurality of configuration jumpers to the plurality of isolation trays;
attaching a plurality of printed circuit boards to the plurality of isolation trays;
attaching a main bus bar to the plurality of printed circuit boards;
attaching a top portion of the main housing to a bottom portion of a top cover to
enclose the plurality of isolation trays, the plurality of configuration jumpers, the plurality

of printed circuit boards, and the main bus bar.

A method of manufacture of claim 21, further comprising attaching a secondary bus to the

plurality of printed circuit boards.

A method for performing dynamic energy control comprising:

receiving, from a device, energy requirement information of the device;

receiving, from one or more multi-voltage configurable modules (MVCMs),
information indicating an energy state of each of the MVCMs;

determining how many MVCMs are available to deliver energy to the device based
on the energy requirement information and the information indicating the energy state of

each of the MVCMs;
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switching to an online state, each of the MVCMs determined to be available to
deliver energy to the device;

monitoring each of the MVCMs and the energy requirement information to
determine any changes in the energy requirement information or the information indicating
the energy state of each of the MVCMs; and

if any changes in the energy requirement information or the information indicating
the energy state of each of the MVCMs is detected, determining whether any of the
MV CMs should be dynamically disconnected or connected to meet energy requirements of

the device.

The method of claim 23, wherein the information indicating the energy state of each of the

MVCMs includes: a cell voltage, a cell temperature, and a cell identification.

The method of claim 23, wherein the energy requirement information is determined using
a system range calculation indicating the energy requirements of the device over a period

of time or a distance.

The method of claim 23, further comprising balancing voltage of the MVCMs in the online
state based on an energy output of the MVCM:s.

The method of claim 23, further comprising transmitting, to the device, the information

indicating the energy state of each of the MVCMs.

The method of claim 23, wherein the device is a vehicle.

The method of claim 23, wherein the monitoring includes monitoring:
(a) an Over-Current of the MVCMs,
(b) a State of Charge of the MVCMs,
(c) a State of Power of the MVCMs,
(d) a State of Health of MVCMs,
(e) a Cell over/under temperature of the MVCMs,
(f) a Cell over/under voltage of the MVCMs, or
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to determine whether one or more threshold values for each of (a)-(f) are surpassed

or not met.

The method of claim 29, further comprising disconnecting one or more MVCMSs based on

determining that the one or more threshold values any of (a)-(f) are surpassed or not met.

The method of claim 29, wherein the one or more threshold values for the Over-Current
comprises:

a maximum discharge value of 80 amps for each pair of battery cells of an MVCM,;
and

a maximum charge value of 30 amps for each pair of battery cells of the MVCM.

The method of claim 29, wherein the one or more threshold values for the State of Charge
comprises 100 percent and O percent indicating the operating range of a battery cell of an

MVCM.

The method of claim 29, wherein the one or more threshold values for the State of Power

comprises 40 kilowatts for each pair of MVCMs.

The method of claim 29, wherein the one or more threshold values for the State of Health

comprises 100 percent to 80 percent for a battery cell of an MVCM.

The method of claim 29, wherein the one or more threshold values for the Cell over/under
temperature comprises:
a maximum temperature of 60 degrees Celsius for a battery cell of an MVCM; and

a minimum temperature of -30 degrees Celsius for the battery cell of the MVCM.

The method of claim 29, wherein the one or more threshold values for the Cell over/under
voltage comprises:

a maximum voltage of 4.2 Volts for an MVCM,; and

a minimum voltage of 2.7 Volts for the MVCM.
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The method of claim 23, further comprising:
transmitting a status signal to the MVCMs;
monitoring each of the MVCM:s for a response to the status signal; and
based on not receiving the response after a threshold period of time, disconnecting

each of the MVCMs for which no response is received.

A non-transitory computer readable medium with instructions stored thereon for
performing of dynamic energy control that when executed by a processor, cause the
processor to perform the operations comprising:

receiving, from a device, energy requirement information;

receiving, from one or more multi-voltage configurable modules (MVCMs),
information indicating an energy state of each of the MVCMs;

determining how many MVCMs are available to deliver energy to the device based
on the energy requirement information and the information indicating the energy state of
each of the MVCMs;

switching to an online state, each of the MVCMs available to deliver energy to the
device;

monitoring each of the MVCMs and the energy requirement information to
determine any changes in the energy requirement information or the information indicating
the energy state of each of the MVCMs; and

if any changes in the energy requirement information or the information indicating
the energy state of each of the MVCMs is detected, determining whether any of the
MV CMs should be dynamically disconnected or connected to meet energy requirements of

the device.

The non-transitory computer readable medium of claim 31, wherein the information
indicating the energy state of each of the MVCMs includes: a cell voltage, a cell

temperature, and a cell identification.

The non-transitory computer readable medium of claim 31, wherein the energy requirement
information includes a system range calculation indicating the energy requirements of the

device over a period of time or a distance.
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The non-transitory computer readable medium of claim 31, further comprising balancing

voltage of the MVCMs in the online state based on an energy output of the MVCMs.

The non-transitory computer readable medium of claim 31, further comprising
transmitting, to the device, the information indicating the energy state of each of the

MVCMs.

The non-transitory computer readable medium of claim 31, wherein the device is a vehicle.

The non-transitory computer readable medium of claim 31, wherein the monitoring
includes monitoring:

(a) an Over-Current of the MVCMs,

(b) a State of Charge of the MVCMs,

(c) a State of Power of the MVCMs,

(d) a State of Health of MVCMs,

(e) a Cell over/under temperature of the MVCMs,

(f) a Cell over/under voltage of the MVCMs, or

to determine whether one or more threshold values for each of (a)-(f) are surpassed

or not met.

The non-transitory computer readable medium of claim 37, wherein the operations further
comprise disconnecting one or more MVCMs based on determining that the one or more

threshold values any of (a)-(f) are surpassed or not met.

The non-transitory computer readable medium of claim 44, wherein the one or more
threshold values for the Over-Current comprises:
a maximum discharge value of 80 amps for each pair of battery cells of an MVCM; and

a maximum charge value of 30 amps for each pair of battery cells of the MVCM.

The non-transitory computer readable medium of claim 44, wherein the one or more
threshold values for the State of Charge comprises 100 percent and O percent indicating the

operating range of a battery cell of an MVCM.
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The non-transitory computer readable medium of claim 44, wherein the one or more

threshold values for the State of Power comprises 40 kilowatts for each pair of MVCMs.

The non-transitory computer readable medium of claim 44, wherein the one or more
threshold values for the State of Health comprises 100 percent to 80 percent for a battery
cell of an MVCM.

The non-transitory computer readable medium of claim 44, wherein the one or more
threshold values for the Cell over/under temperature comprises:
a maximum temperature of 60 degrees Celsius for a battery cell of an MVCM; and

a minimum temperature of -30 degrees Celsius for the battery cell of the MVCM.

The non-transitory computer readable medium of claim 44, wherein the one or more
threshold values for the Cell over/under voltage comprises:

a maximum voltage of 4.2 Volts for an MVCM,; and

a minimum voltage of 2.7 Volts for the MVCM.

The non-transitory computer readable medium of claim 38, wherein the operations further
comprise:

transmitting a status signal to the MVCMs;

monitoring each of the MVCM:s for a response to the status signal; and

based on not receiving the response after a threshold period of time, disconnecting

each of the MVCMs for which no response is received.

A system for performing of dynamic energy control comprising:
a memory storing instructions;
a processor, coupled to the memory, configured to process the stored instructions
to:
receive, from a device, energy requirement information;
receive, from one or more multi-voltage configurable modules (MVCMs),

information indicating an energy state of each of the MVCMs;
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determine how many MVCMs are available to deliver energy to the device
based on the energy requirement information and the information indicating the energy
state of each of the MVCMs;

switch to an online state, each of the MVCMs available to deliver energy to
the device;

monitor each of the MVCMSs and the energy requirement information to
determine any changes in the energy requirement information or the information indicating
the energy state of each of the MVCMs; and

if any changes in the energy requirement information or the information indicating

the energy state of each of the MVCMs is detected, determine whether any of the MVCMs
should be dynamically disconnected or connected to meet energy requirements of the

device.

The system of claim 53, wherein the information indicating the energy state of each of the

MVCMs includes: a cell voltage, a cell temperature, and a cell identification.

The system of claim 53, wherein the energy requirement information includes a system
range calculation indicating the energy requirements of the device over a period of time or

a distance.

The system of claim 53, further comprising balancing voltage of the MVCM:s in the online
state based on an energy output of the MVCM:s.

The system of claim 53, further comprising transmitting, to the device, the information

indicating the energy state of each of the MVCMs.

The system of claim 53, wherein the device is a vehicle.

The system of claim 53, wherein the monitoring includes monitoring:
(a) an Over-Current of the MVCMs,
(b) a State of Charge of the MVCMs,
(c) a State of Power of the MVCMs,
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(d) a State of Health of MVCMs,

(e) a Cell over/under temperature of the MVCMs,

(f) a Cell over/under voltage of the MVCMs, or

to determine whether one or more threshold values for each of (a)-(f) are surpassed

or not met.

The system of claim 59, wherein the processor is further configured to disconnect one or
more MVCMs based on determining that the one or more threshold values any of (a)-(f)

are surpassed or not met.

The system of claim 59, wherein the one or more threshold values for the Over-Current
comprises:

a maximum discharge value of 80 amps for each pair of battery cells of an MVCM,;
and

a maximum charge value of 30 amps for each pair of battery cells of the MVCM.

The system of claim 59, wherein the one or more threshold values for the State of Charge
comprises 100 percent and O percent indicating the operating range of a battery cell of an

MVCM.

The system of claim 59, wherein the one or more threshold values for the State of Power

comprises 40 kilowatts for each pair of MVCMs.

The system of claim 59, wherein the one or more threshold values for the State of Health

comprises 100 percent to 80 percent for a battery cell of an MVCM.

The system of claim 59, wherein the one or more threshold values for the Cell over/under
temperature comprises:
a maximum temperature of 60 degrees Celsius for a battery cell of an MVCM; and

a minimum temperature of -30 degrees Celsius for the battery cell of the MVCM.
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66.  The system of claim 59, wherein the one or more threshold values for the Cell over/under
voltage comprises:
a maximum voltage of 4.2 Volts for an MVCM,; and
a minimum voltage of 2.7 Volts for the MVCM.

67. The system of claim 53, wherein the processor is further configured to:
transmit a status signal to the MVCMs;
monitor each of the MVCMs for a response to the status signal; and
based on not receiving the response after a threshold period of time, disconnect each

of the MVCMs for which no response is received.
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special reason (as specié]ed) combined with one or more other such documents, such combination

“0” documentreferring to anoral disclosure, use, exhibition or other means being obvious to a person skilled in the art
“P” document published prior to the international filing date but laterthan “&” document member of the same patent family
the priority date claimed
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:I Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See extra sheet(s).

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

0

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. E] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

1-7,20

Remark on Protest E] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.
D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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INTERNATIONAL SEARCH REPORT International application No
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Continued from Box No. |Il Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Qroup I, claims 1-7 and 20, is drawn to an apparatus for a multi-voltage configurable module (MVCM) comprising: a plurality of burst
discs; a top cover coupled to the plurality of burst discs.

Grqup I, claims 8-19, 21, and 22, is drawn to an apparatus for a multi-voltage configurable backplane (MVCB): a top cover coupled to a
main housing; a main bus bar coupled to a plurality of circuit boards configured to store electronic components for controlling the energy
output of a plurality of multi-voltage configurable modules (MVCMs).

Group Ili, claims 23-67, is drawn to a method for performing dynamic energy control comprising: receiving, from a device, energy
requirement information of the device; receiving, from one or more multi-voltage configurable modules (MVCMs).

The inventions listed as Groups |, I and Iil do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons: the special technical feature of the
Group | invention: a plurality of burst discs; a top cover coupled to the plurality of burst discs; a plurality of flame arrestors coupled to the
top cover; a main housing; a plurality of battery cells; a cell retention tray coupled to the main housing for retaining the plurality of battery
cells; a printed circuit board; a plurality of conducting nails coupled to the plurality of battery cells and further coupled to the printed
circuit board; a plurality of battery cell isolation sleeves each coupled to one of the plurality of battery cells and configured to isolate each
of the plurality of battery cells; the main housing coupled to the top cover and configured to hold the plurality of battery cell isolation
sleeves; a plurality of conducting springs coupled to a bottom of the main housing; the printed circuit board coupled to the plurality of
conducting springs; a plurality of output terminals coupled to the printed circuit board as claimed therein is not present in the invention of
Groups Il and I1l. The special technical feature of the Group I invention: a main bus bar coupled to a plurality of circuit boards configured
to store electronic components for controliing the energy output of a plurality of multi-voltage configurable modules (MVCMs); a plurality
of configuration jumpers coupled to the plurality of printed circuit boards and further coupled to a plurality of output terminals of MVCMs,
wherein the plurality of configuration jumpers receive output voltage generated by a plurality of battery cells of the MVCM,; the plurality of
isolation trays coupled to the plurality of configuration jumpers; and the main housing coupled to the plurality of isolation trays to provide
mechanical retention for the MVCM as claimed therein is not present in the invention of Groups | or lIl. The special technical feature of
the Group lil invention: receiving, from a device, energy requirement information of the device; receiving, from one or more multi-voltage
configurable modules (MVCMs), information indicating an energy state of each of the MVCMs; determining how many MVCMs are
available to deliver energy to the device based on the energy requirement information and the information indicating the energy state of
each of the MVCMs; switching to an online state, each of the MVCMs determined to be available to deliver energy to the device;
monitoring each of the MVCMSs and the energy requirement information to determine any changes in the energy requirement information
or the information indicating the energy state of each of the MVCMs; and if any changes in the energy requirement information or the
information indicating the energy state of each of the MVCMs is detected, determining whether any of the MVCMSs should be dynamically
disconnected or connected to meet energy requirements of the device as claimed therein is not present in the invention of Groups | or Il.

Groups |, [ and [Il lack unity of invention because even though the inventions of these groups require the technical feature of an '
apparatus for a multi-voltage configurable module (MVCM); and a multi-voltage configurable backplane (MVCB), this technical feature is
not a special technical feature as it does not make a contribution over the prior art.

Specifically, US 2020/0042062 to GE AVIATION SYSTEMS LLC teaches an apparatus for a multi-voltage configurable module (MVCM);
and a multi-voltage configurable backplane (MVCB) (Paras. [0032], [0040-0043]).

Since none of the special technical features of the Group |, Il or [1l inventions are found in more than one of the inventions, unity of
invention is lacking.
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