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VEHICLE BATTERY POWER MONITORING
AND MANAGEMENT SYSTEMS

BACKGROUND OF THE INVENTION

The invention relates generally to devices and methods
for fastening and unfastening a battery, particularly batteries
used for vehicles, whether mounted 1n an engine compart-
ment or elsewhere on the vehicle or machine, which makes
it less difhicult and time-consuming to change the battery
while also facilitating an electrical connection between the
battery terminals and the cable connectors or other electrical
conductors of the vehicle or machine. The invention also
relates to battery systems for vehicles including multiple
batteries and systems for the automated power management
thereol.

Every machine using an internal combustion engine
requires a battery primarily to provide direct current for the
starter mechanism, usually a starter motor geared to the
cranking mechanism. For hybrid vehicles, the batteries are a
more integral part of the vehicle’s functionality. Batteries
also store current for the operation of the machine’s other
clectrical and electronic devices.

Although fully electric vehicles may be powered by a
high-voltage battery, many have automotive batteries as well
to provide for accessories which run on a standard voltage,
such as 12 volts. There are also concerns with the battery
used to power fully electric vehicles. For example, an
operator of an electric vehicle may be stranded if the battery
runs out of charge or unable to continue traveling due to the
time needed to recharge the depleted battery.

Whether placed in the engine compartment of the
machine or elsewhere, batteries must be securely held down
in order to prevent movement and unwanted contact with the
battery terminals. Most automobiles typically have a battery
hold down mechanism for securing their batteries. The
standard battery hold down mechanism uses nuts or locknuts
to secure the battery with hold down rods and clamps.
Battery replacement therefore tends to require tools, such as
ratchets, extensions and sockets.

A vehicle battery, such as a 12 volt automotive battery, 1s
a heavy and unwieldy component and must often be
mounted within a confined space in the vehicle. Thus,
battery replacement requires the dexterity to access hard to
reach arecas i1n the engine compartment. Furthermore,
weather-beaten hold downs are subject to rust and corrosion,
making it very dithcult for the average consumer to disen-
gage the battery from the hold down rods and hold down
clamps. Even for technicians, replacing batteries, particu-
larly ones with rusted nuts and bolts, can be diflicult and
time-consuming.

For at least the foregoing reasons, unfastening, replacing
and fastening a vehicle battery in 1ts designated location 1s
known to be a somewhat ditlicult, burdensome and time-
consuming task.

Accordingly, there 1s a need for improvement and solution
to address the alorementioned 1ssues that make the battery
replacement process less diflicult, cumbersome and time-
consuming, among other things.

SUMMARY OF THE INVENTION

The mvention generally includes vehicle battery power
supply monitoring and management systems and methods
which, among other things, maintain a threshold voltage for
a plurality of batteries in a battery group mounted within a
vehicle.
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In some embodiments, the invention 1s directed to a
vehicle battery management system, comprising: a battery
group mounted 1n a vehicle, the battery group comprising a
plurality of vehicle batteries, wherein each battery icludes
clectrical terminals; a plurality of electrical conductors
operatively associated with the battery group, the plurality
ol electrical conductors including a first one or more elec-
trical conductors associated with a first vehicle battery and
a second one or more electrical conductors associated with
a second vehicle battery of the plurality of vehicle batteries,
the first one or more electrical conductors forming a non-
permanent engagement with the electrical terminals of the
first vehicle battery to electrically connect the first vehicle
battery of the plurality of vehicle batteries in the battery
group with an internal vehicle wiring harness independently
of the second vehicle battery, the second one or more
clectrical conductors forming a non-permanent engagement
with the electrical terminals of the second vehicle battery to
clectrically connect the second vehicle battery of the plu-
rality of vehicle batteries 1n the battery group with the
internal vehicle wiring harness independently of the first
vehicle battery; a first electrically operated switch 1n elec-
trical communication with the first one or more electrical
conductors and a second electrically operates switch 1n
clectrical communication with the second one or more
electrical conductors, each electrically operated switch
being enabled to switch to (1) a closed position, wherein the
closed position establishes an electrical circuit between a
vehicle battery and the internal vehicle wiring harness to
supply current from the vehicle battery to the internal
vehicle wiring harness, and (11) an open position, wherein
the open position interrupts electrical communication
between the vehicle battery and the internal vehicle wiring
harness; a battery power control unit in electrical commu-
nication with a power source and each electrically operated
switch, the battery power control unit comprising a proces-
sor and a memory, the memory including an executable
program whereby the processor executes the program to
monitor the condition of the first and second vehicle batter-
ies of the plurality of vehicle batteries, wherein responsive
to a monitored condition of the first vehicle battery being
less than a threshold value, the battery management control
umt (1) transmitting a signal to switch the first electrically
operated switch to the open position, and (11) transmitting a
signal to switch the second electrically operated switch to
the closed position; and a lever mounted for pivotal motion,
wherein the pivotal motion of the lever causes the disen-
gagement of at least one non-permanent engagement.

In some embodiments of the vehicle battery management
system, the measured condition comprises a measurable
value indicative of the remaining battery life of the vehicle
battery.

In some embodiments of the vehicle battery management
system, the measured condition comprises one or more of a
battery state of charge, state of health, capacity or voltage of
the vehicle battery.

In some embodiments of the vehicle battery management
system, the battery management control unit transmits the
signal to switch the second electrically operated switch to
the closed position prior to transmitting the signal to switch
the first electrically operated switch to the open position.

Some embodiments of the vehicle battery management
system, further comprise a third one or more electrical
conductors associated with a third vehicle battery of the
plurality of vehicle batteries, the third one or more electrical
conductors electrically connecting the third vehicle battery
of the plurality of vehicle batteries 1n the battery group with
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the internal vehicle wiring harness independently of the first
vehicle battery and the second vehicle battery; and a third
clectrically operated switch in electrical communication
with the third one or more electrical conductors, wherein
responsive to a measured condition of the second vehicle
battery being less than a threshold value, the battery man-
agement control unit (1) transmitting a signal to switch the
second electrically operated switch to the open position, and
(11) transmitting a signal to switch the third electrically
operated switch to the closed position.

In some embodiments of the vehicle battery management
system, the power source 1s one or more of the plurality of
vehicle batteries 1n the battery group. The plurality of
clectrical conductors may include one or more electrical
conductors electrically connecting the plurality of vehicle
batteries together with the battery power control unat.

In some embodiments of the vehicle battery management
system, the first and second electrically operated switches
are 1n the open position and the battery power control unit
transmits an initial signal to switch the first switch to the
closed position.

Some embodiments of the vehicle battery management
system further comprise a display device for displaying the
measured voltage of at least one of the first and second
vehicle batteries.

Some embodiments of the invention are directed to a
vehicle battery management system, comprising: a battery
group mounted in a vehicle, the battery group comprising a
plurality of vehicle batteries; a plurality of electrical con-
ductors operatively associated with the battery group, the
plurality of electrical conductors including one or more
clectrical conductors associated with each vehicle battery of
the plurality of vehicle batteries, the one or more electrical
conductors electrically connecting each vehicle battery of
the plurality of vehicle batteries in the battery group with an
internal vehicle wiring harness independently of any of the
other vehicle batteries in the battery group, wherein the
plurality of electrical conductors are operatively associated
with the battery group by a substrate defining a first side and
a second side, the substrate including a first receiving port
extending through the substrate from the first side to the
second side and a second receiving port extending through
the substrate from the first side to the second side, a first
spring-biased clamp including a first electrically conductive
portion, wherein the first spring-biased clamp 1s configured
to engage a protruding positive terminal of each vehicle
battery, whereby the first electrically conductive portion 1s
placed 1 electrical communication with the protruding
positive terminal of each vehicle battery, and a second
spring-biased clamp including a second electrically conduc-
tive portion, wherein the second spring-biased clamp 1s
configured to engage a protruding negative terminal of each
vehicle battery, whereby the second electrically conductive
portion 1s placed in electrical communication with the
protruding negative terminal; a plurality of electrically oper-
ated switches, each electrically operated switch being 1n
clectrical communication with the one or more electrical
conductors associated with each vehicle battery, each elec-
trically operated switch being enabled to switch to (1) a
closed position, wherein the closed position establishes an
clectrical circuit between a vehicle battery and the internal
vehicle wiring harness to supply current from the vehicle
battery to the internal vehicle wiring harness, and (11) an
open position, wherein the open position interrupts electrical
communication between the vehicle battery and the internal
vehicle wiring harness; a battery power control unit in
clectrical communication with a power source and each
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clectrically operated switch of the plurality of electrically
operated switches, the battery power control unit comprising
a processor and a memory, the memory including an execut-
able program whereby the processor executes the program to
(1) monitor battery measurements of each vehicle battery of
the plurality of vehicle batteries in the battery group,
wherein responsive to the vehicle battery having a lesser
measured battery life than a threshold value, the battery
management control umt identifying a vehicle battery hav-
ing a greater measured battery life than the threshold value,
(11) switch the electrically operated switch associated with
the vehicle battery having the greater measured battery life
than the threshold value to the closed position and (111)
switch the electrically operated switch associated with the
vehicle battery having the lesser measured battery life than
the threshold value to the open position; and a lever mounted
for pivotal motion to the substrate, the lever defining a first
end and a second end, the second end being connected with
the first and second spring-biased clamps by first and second
push rods, wherein the pivotal motion of the lever over-
comes the spring-bias of the first and second clamps to cause
the disengagement of the first and second electrically con-
ductive portions with the protruding positive and negative
terminal clamps.

In some embodiments of the vehicle battery management
system, the measured battery life comprises at least one of
a battery state of charge, state of health, capacity or voltage.
In some embodiments, the battery power control unit further
includes a measuring device connected to each of the
batteries, such as a multimeter or voltmeter.

As mentioned above, the power source may be one or
more of the plurality of vehicle batteries 1n the battery group
and the plurality of electrical conductors may include one or
more electrical conductors electrically connecting the plu-
rality of vehicle batteries together with the battery power
control unit.

In some embodiments of the vehicle battery management
system, a display device 1s mounted within a vehicle pas-
senger compartment and configured to display the measured
voltage of each of the plurality of vehicle batteries 1n the
battery group. For example, the display device may be
analogous or comparable to a fuel gauge in a gasoline
powered vehicle.

In some embodiments of the vehicle battery management
system, an audio device 1s mounted within a vehicle pas-
senger compartment for emitting an audible sound respon-
sive to the vehicle battery having the lesser measured
voltage.

In some embodiments of the vehicle battery management
system, the battery power control unit transmits an electrical
signal to the electrically operated switches to switch the
clectrically operated switches to the open condition and to
the closed condition.

In some embodiments of the vehicle battery management
system, each electrically operated switch 1s i the open
position and the battery power control unit transmits an
clectrical signal to the electrically operated switches to
switch the electrically operated switches to the closed con-
dition.

In some embodiments of the vehicle battery management
system, the one or more electrical conductors comprise a
substrate defiming a first side and a second side, the substrate
including a first recerving port extending through the sub-
strate from the first side to the second side and a second
receiving port extending through the substrate from the first
side to the second side, a first spring-biased clamp including
a first electrically conductive portion, wherein the first
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spring-biased clamp 1s configured to engage a protruding
positive terminal of each vehicle battery, whereby the first
clectrically conductive portion 1s placed 1n electrical com-
munication with the protruding positive terminal of each
vehicle battery; and a second spring-biased clamp including
a second electrically conductive portion, wherein the second
spring-biased clamp i1s configured to engage a protruding
negative terminal of each vehicle battery, whereby the
second electrically conductive portion 1s placed 1n electrical
communication with the protruding negative terminal.

In some embodiments of the vehicle battery management
system, the first spring-biased clamp comprises first clamp
opposing portions, each first clamp opposing portion having
an inner surface and an outer surface, the first clamp
opposing portions being mounted adjacent to the first rece1v-
ing port, the first clamp opposing portions being biased
towards one another whereby one of either the protruding
positive terminal forces the first clamp opposing portions to
move outwardly responsive to being received by the first
receiving port or the first clamp opposing portions are
manually moved outwardly to receive the protruding posi-
tive terminal.

In some embodiments of the vehicle battery management
system, the second spring-biased clamp comprises second
clamp opposing portions, each second clamp opposing por-
tion having an inner surface and an outer surface, the second
clamp opposing portions being mounted adjacent to the
second receiving port, the second clamp opposing portions
being biased towards one another whereby one of either the
protruding negative terminal forces the second clamp oppos-
ing portions to move outwardly responsive to being received
by the second receiving port or the second clamp opposing
portions are manually moved outwardly to receive the
protruding negative terminal.

In some embodiments of the vehicle battery management
system, the first electrically conductive portion comprises
the 1nner surfaces of the first clamp opposing portions.

In some embodiments of the vehicle battery management
system, the second electrically conductive portion comprises
the mner surfaces of the second clamp opposing portions.

The invention 1s also generally directed to improvements
in vehicle battery securing devices, which may be used to
secure the aforementioned batteries and battery group as
well as other replaceable vehicle batteries.

Some embodiments of the invention are directed to a
device for securing a replaceable vehicle battery having a
protruding positive terminal and a protruding negative ter-
minal, the device comprising: a substrate defining a first side
and a second side, the substrate including a first receiving
port extending through the substrate from the first side to the
second side and a second recerving port extending through
the substrate from the first side to the second side, wherein
the first recerving port and second receiving port are posi-
tioned and dimensioned to receive the protruding positive
terminal and the protruding negative terminals therein,
respectively, and the substrate has a thickness from the first
side to the second side that 1s less than the length of the
protruding positive and negative terminals; a first spring-
biased clamp mounted on the second side of the substrate,
the first clamp including a first electrically conductive
portion, wherein the first clamp 1s configured to engage the
protruding positive terminal whereby the electrically first
conductive portion 1s placed in electrical communication
with the protruding positive terminal; and a second spring-
biased clamp mounted on the second side of the substrate,
the second clamp including a second electrically conductive
portion, wherein the second clamp 1s configured to engage
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6

the protruding negative terminal whereby the second elec-
trically conductive portion 1s placed 1n electrical communi-
cation with the protruding negative terminal.

In some embodiments, the substrate 1s positioned in a
battery space defined by one or more walls.

In some embodiments, the one or more walls include a
hinge, wherein the hinge 1s connected to the substrate to
enable the substrate for pivotal motion.

In some embodiments, the first spring-biased clamp com-
prises first clamp opposing portions, each first clamp oppos-
ing portion having an mner surface and an outer surface, the
first clamp opposing portions being mounted adjacent to the
first receiving port, the first clamp opposing portions being
biased towards one another whereby the protruding positive
terminal forces the first clamp opposing portions to move
outwardly responsive to being recerved by the first recerving
port.

In some embodiments, the second spring-biased clamp
comprises second clamp opposing portions, each second
clamp opposing portion having an mner surface and an outer
surface, the second clamp opposing portions being mounted
adjacent to the second receiving port, the second clamp
opposing portions being biased towards one another
whereby the protruding negative terminal forces the second
clamp opposing portions to move outwardly responsive to
being received by the second receiving port.

In some embodiments, the first electrically conductive
portion comprises the inner surfaces of the first clamp
opposing portions.

In some embodiments, the second electrically conductive
portion comprises the iner surfaces of the second clamp
opposing portions.

Other embodiments, features and advantages of the mnven-
tion will be readily appreciated and apparent from the
following detailed description when considered in connec-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Various advantages of the invention will be readily appre-
ciated as the same becomes better understood by reference
to the following detailed description when considered in
connection with the accompanying drawings. The compo-
nents 1n the figures are not necessarily to scale, emphasis
instead being placed upon illustrating the principles of the
invention.

FIG. 1 1s a schematic view of a system constructed 1n
accordance with an embodiment of the invention;

FIG. 2 1s depicts the embodiment of the invention shown
in FIG. 1, illustrating the connection of the substrate with the
battery terminals;

FIG. 3 1s a schematic view of another embodiment of the
invention;

FIG. 4 1s a schematic view of yet another embodiment of
the invention;

FIG. 5 1s a schematic view of a battery group and battery
management system which is particularly well-suited for use
with an electric vehicle and constructed in accordance with
the 1nvention;

FIG. 6 1s a schematic view of an embodiment of the
system shown in FIG. §; and

FIG. 7 1s a schematic view of yet another embodiment of
the mnvention, illustrating, among other things, an assembly
for facilitating the removal of a battery from a battery
compartment in accordance with the ivention.
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DETAILED DESCRIPTION OF TH.
INVENTION

(L]

The following detailed description provides exemplary
embodiments of devices for securing batteries, and 1n par-
ticular, vehicle batteries. It will be readily understood from
the description of the embodiments of the invention herein,
and the elements thereot, could be alternatively configured
within the scope of the imvention. This description 1s there-
fore intended to generally describe and 1llustrate examples
of the mnvention, but 1s not intended to limit the scope of the
invention to the examples, embodiments and elements
described heremn. The following 1s a legend listing parts
shown 1n the drawings and described herein, wherein like
parts are designated with like numerals throughout:

B battery
11, T2 battery terminals

W1, W2 wires

100 securing Device

102 substrate or plate

104, 106 receiving ports

108 first side of plate 102

110 second side of plate 102

112, 114 electrical connectors

116, 118 clamps

120 clamping portion

222 battery holding space

224 walls defining battery holding space

326 edge of wall 324

328 hinged or other connection with plate 302

450 vehicle battery system

452 battery group

454 power control unit

456 computer

558a, 558b, 558¢, 5584, 558¢ batteries

560 wiring harness

562 internal vehicle wiring connection

564 single relay

366 gauge

FIG. 1 1llustrates a battery mounting and securing device
100 for securing a battery B, including a substrate 102,
which 1s also referred to herein as plate 102 or connecting
plate 102, having receiving ports 104 and 106 configured
and dimensioned to receive battery terminals 11 and T2,
respectively. It should be understood that the term battery 1s
meant to encompass any type, design or size of battery,
including any single use or rechargeable batteries, electro-
chemical batteries, lead-acid batteries, mckel-metal hydride
batteries, fuel cells and lithtum 10n batteries, for example.

In this embodiment, ports 104 and 106 extend from a first
side 108 of plate 102 to a second side 110 opposing first side
108. Second side 110 includes electrical connectors 112 and
114 for forming an electrical connection with terminals T1
and T2 responsive to terminals T1 and 12 being 1nserted and
received by ports 104 and 106, respectively.

Connectors 112 and 114 may be further connected with
wires W1 and W2 for enabling a flow of electricity from
battery B to other components, such as a vehicle starter
motor or accessory devices. In some embodiments, electrical
connectors 112 and 114 include a device or mechanism for
securely forming a non-permanent engagement with termai-
nals T1 and T2 to facilitate the integrity of the electrical
communication with connectors 112 and 114. In this
embodiment, biased clamping mechanisms or clamps 116
and 118 are mounted on second side 110 of plate 102 1n a
position adjacent to ports 104 and 106, respectively.
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Clamps 116 and 118 may be spring-biased clamps which
comprise electrical connectors 112 and 114 such that clamps
116 and 118 securely engage with terminals T1 and T2
physically, while also enabling electrical communication
between terminals T1 and T2 and connectors 112 and 114.
Each clamping portion 120 of clamps 116 and 118 may be
configured to open or expand outwardly responsive to
terminals T1 and T2 being received 1n ports 104 and 106, as
shown 1 FIG. 2, while remaining biased to facilitate the
clectrical communication with connectors 112 and 114. Each
clamping portion 120 of clamps 116 and 118 may also
include gripping portions or otherwise be manually oper-
able, such as being openable against the biasing action, for
being securely engaged with terminals T1 and T2.

It should be understood that plate 102 may be operatively
associated with other battery hold down mechanisms or
features to Tfacilitate seating battery B in a vehicle. For
example, a system 200 includes a plate 202 that comprises
a bottom or bottom portion of a battery holding space 222
within a vehicle. Space 222 1n thus embodiment 1s further
defined by one or more walls 224 to facilitate securing
battery B in space 222. The positioning of plate 202 as the
bottom of space 222 enables battery B to be iserted
downward 1nto space 222 with terminals T1 and T2 subse-
quently being recerved in ports 204 and 206 and forming an
clectrical connection between terminals 11 and T2 and
connectors 212 and 214, respectively, as a result of clamps
216 and 218 facilitating an engagement between clamping
portions 220 and terminals T1 and T2.

In other embodiments, a battery holding space 322 may
include one or more walls 324 having an edge 326 with a
hinged or other connection 328 with plate 302 to enable
pivotal motion of plate 302. In this embodiment, hinged
connection 328 enables plate 302 to be pivoted between a
first position allowing access to space 322, whereby battery
B can be placed therein, a second position, whereby plate
302 1s pivoted over space 322 and terminals T1 and T2 can
be recerved by ports 304 and 306 and subsequently secured
by clamps 316 and 318 to be placed into electrical commu-
nication with connectors 312 and 314. It should be under-
stood that walls 324 are for illustrative purposes only, and
may comprise any structural component having suitable
stability, such as a bar, beam, frame or framework for
example, and may also comprise or include existing parts of
holding space 322 for purposes of retrofitting a system 300,
or other system constructed in accordance with the mmven-
tion, within a vehicle.

As shown 1n FIG. 5, the invention 1s directed to a vehicle
battery system 450 including a battery group 452 comprising
two or more batteries connected with one another and a
cooperating mounting system inside a vehicle to supply
power to a vehicle sequentially, that 1s, with each battery
being used and depleted one at a time such that when a first
battery 1s fully exhausted the second battery remains fully
charged and so on until the power of the last battery in the
group 452 1s depleted.

System 450 further includes a battery power control unit
454 having meters or sensors for detecting, measuring or
monitoring values and/or determining conditions relating to
cach battery of the battery group 452, such as the individual
battery and/or battery group and voltage, voltage drop, state
of health, state of charge, impedance, degradation, electrical
capacity and electrical charge, and the rate of change of any
of the foregoing, among other things, and an automated
process for facilitating the sequential use of each battery in
group 452 responsive to battery conditions as described
herein. Control unit 454 may include and/or be 1n commu-
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nication with various hardware components for detecting
battery conditions, such as integrated circuits, small sense
resistors, hall-effect sensors, thermocouples, resistance tem-
perature detectors, thermistors, among other things, that may
be used to measure conditions such as voltage, current and
temperature.

In this embodiment battery power control unit 4354
includes a specialized computer 456 which may include
circuitry connected to group 432 for monitoring battery
condition, such as the useful life remaining 1n each battery
in group 452, and/or detecting or determining power usage
and estimated remaining time or charge left 1n each battery
in group 452, comparing a measured battery condition with
a threshold value, and thereaiter switching between batteries
within group 4352 to use and receive electrical power from a
battery having at least a threshold amount of life remaining.

Computer 456 may include hardware such as a processor
and memory containing software programming executable
by the processor, as well as a data communication device for
communicating with a gauge or display device within the
passenger compartment of the vehicle, such as a display
device comprising the vehicle dashboard. The gauge or
display may indicate information relating to group 4352 and
cach battery 1 group 452, such as the remaining life of
group 452 and each battery 1n group 4352, estimated time to
battery depletion of group 452 and 1n each battery within
group 452, which may be relative to one or more threshold
values, and expressed as estimated mileage, distance or time
available for continued operation. It should be understood
that computer 456 may calculate and adjust such indications
provided by the display during usage of the vehicle and
based on various factors, such as for example, the type or
manner of operation of the vehicle, driving conditions, and
external temperature or internal temperature readings from a
sensor mcluded with control unit 454.

Computer 456 may use algorithms based on the vehicle
and detected battery conditions to determine any value
indicative of the remaining battery life, battery health,
battery degradation and/or capacity for comparison with
threshold values. For example, the length of time a battery
will be expected to operate at a given current may be
determined by monitoring charge or load current over time
using coulomb counting techmques. Voltage may be mea-
sured and adjusted using voltage estimation techmques and
adjusted based on temperature readings. Other measure-
ments may include or relate to charge cycle, impedance,
current change, resistance, capacitance, polarization and
differential.

Control unit 454 may use various known methods for
measuring battery conditions. For example, control unity
454 may 1include a battery life tester having a high-power
load circuit mounted therein for a large discharging current
so that the battery life tester can measure a voltage drop and
thus a discharging capability of batteries, a state of degra-
dation of the battery can be determined from the discharging
capability. Control unit 454 may include a charger and a
charging counter which starts counting time for comparing
with the starting capacity of the battery to determine the state
of health of the battery. Control unit 454 may use the current
method and internal resistance method to measure battery
capacity. It should be understood that other conventional and
known methods for measuring battery conditions for vehicle
batteries may be incorporated along with any specialized
hardware and software for facilitating such methods in
accordance with the invention.

As shown 1n FIG. 6, a system 550 includes battery group
552 includes five batteries 558a, 5585, 558¢, 5584 and 558
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engaged with a wiring harness 560 which connects with the
internal vehicle wiring connection 562. It should be under-
stood that five batteries are shown as an example and not to
be construed as limiting of the number of batteries that may
be used in connection with the embodiments of the mven-
tion, including as part of a battery group such as battery
group 332.

Power from battery group 352 connections with wiring
harness 560 powers battery control unit 354 and computer
556 therein, erther individually or as a group. Connections
between harness 360 and each battery 358a-¢ enable control
unit 554 to monitor battery conditions 1n each of the batteries
558a-e, and these or other connections further incorporate
circuitry to establish electrical communication with each
battery 558a-¢ and the supply of electrical current to vehicle
wiring connection 562.

Responsive to control unit 554 detecting depletion of
voltage 1n one of the batteries 558a-e, which may be a
detection of one or more of a voltage, state of charge or state
of health which i1s less than one or more of a threshold
voltage, state of charge or state of health, control umt 5354
actuates a battery switching routine to enable electrical
communication with another of the batteries 5358a-e.

In this embodiment, the battery switching routine
involves the circuit created by the wired connections
between harness 560 and batteries 3538a-¢ with one or more
switches or relays 564 in electrical communication with
cach battery 558a-¢ and control unit 554. Relays 564 are
alternately switched on and off, that 1s, opened and closed,
by receiving an electrical signal from control unit 554.
Control unit 554 thus maintains all relays 564 1n an open
position so that no circuit 1s formed between four of the five
batteries 558a-¢, while a single relay 564 1s closed to form
a circuit with one of batteries 558a-¢ until the measured
condition of that battery 1s less than a threshold value, such
as the measured or determined voltage, state of health or
state of charge being less than a threshold voltage, state of
health value or state of charge value. Responsive to the
battery of batteries 558a-¢ from which electrical current 1s
being received having a voltage less than the threshold
voltage, control unit 554 transmits an electrical signal to
close an open relay 564 associated with another of battery
538a-e, thus completing a circuit for electrical communica-
tion from battery to vehicle wiring connection 562.

In order to maintain a constant electrical connection,
control unit 554 may close the open relay 564 for the other
battery 558a-e while either simultaneously or within a preset
period of time thereafter opeming the first closed relay 564.
Once the other battery 358a-¢ 1s reduced below a threshold
voltage, the process repeats 1tsell until all batteries 538a-¢
are depleted 1n series, though 1t 1s presumed that the depleted
batteries 558a-e¢ will be replaced by a fully charged battery,
such as by the vehicle owner/operator or service station
attendant, or possibly recharged before the final battery
558a-e 1alls below the threshold voltage value. Each time a
battery 558a-e¢ falls below the threshold voltage, control unit
554 causes the display device or gauge 566 to visually
indicate the event so that the vehicle operator 1s made aware
of the condition of batteries 558a-e.

Systems and methods of the invention, including systems
450 and 3550, are particularly well-suited for use 1n fully
clectric vehicles. Dividing a single or even multiple batteries
into more manageable, easily and readily replaceable
smaller batteries, various issues, such as the issues associ-
ated with battery power management, recharge time and
hassle, are largely if not fully resolved. The use of such
systems and methods of the mvention will substantially
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reduce the need for electric vehicle charging stations and the
exorbitant costs (1n money and time) of erecting such an
infrastructure to support long-distance travel using fully
clectric vehicles. In addition, to facilitate battery removal
and replacement 1n the battery group, the battery mounting
and securing device of the mvention such as device 100
discussed above may be used to securely connect each
battery 558a-¢ with the wired connections with harness 560
and/or control unit 534.

FIG. 7 illustrates another exemplary embodiment of the
invention in system 600 which includes plate 602 that
comprises a bottom or bottom portion of a battery holding
space 622 within a vehicle. The positioning of plate 602 1n
space 622 enables battery B to be inserted downward into
space 622 with terminals T1 and T2 subsequently being
received 1n ports 604 and 606 and forming an electrical
connection between terminals 11 and T2 and connectors 612
and 614, respectively, as a result of clamps 616 and 618
facilitating an engagement between clamping portions 620
and terminals T1 and T2. In this embodiment, a lever 630 1s
mounted for pivotal motion on plate 602 at a fulcrum 632.
Lever 630 includes a handle 634 at a first end 636 which 1s
configured to extend from battery holding space 622. At the
second opposing end 638, lever 630 1s operatively associ-
ated with an assembly for causing clamps 616 and 618 to
move from a closed position to an open position, thus
resulting 1n the disengagement of terminals T1 and T2 and
clamping portions 620 of clamps 616 and 618, respectively,
which 1n turn, facilitates the removal of battery B from
battery holding space 622. In some embodiments, clamps
616 and 618 are spring-loaded or otherwise biased towards
the closed position In this embodiment, connecting push
rods 640a and 6405 are connected at second end 638 of lever
630 to apply force suflicient to open both clamps 616 and
618 with the same pivoting motion of lever 630.

In some embodiments, push rods 640a and 6406 are
driven by swivel connector assemblies 642a and 6425
attaching each push rod 640a and 6405 with second end 638
of lever 630, whereby the pivoting motion of lever 630 1n
one direction enables both push rods 640a and 6405 to apply
a stmultaneous lateral force to each of the opposing ends of
clamps 616 and 618, respectively, suflicient to cause clamp-
ing portions 620 of each clamp 616 and 618 to disengage
with the battery terminals at the same time. It should be
readily apparent that 1t 1s within the scope of the invention
to employ other mechanisms and assemblies known 1n the
art to enable a single pivoting motion of lever 630 to cause
the disengagement of clamps 616 and 618 with terminals T1
and T2.

In some embodiments, lever 630 may be ratcheted or
otherwise lock 1n place so that clamps 616 and 618 remain
in the open position until lever 630 1s released which
releases the force transferred by lever 630 and connecting,
push rods 640a and 6406 to open clamps 616 and 618,
respectively.

Although specific features of various embodiments of the
invention may be shown in some drawings and not in others,
this 1s for convenience only. In accordance with the prin-
ciples of the mvention, any feature of a drawing may be
referenced and/or claimed 1n combination with any feature
of any other drawing.

In some embodiments, the methods, systems, and media
disclosed herein include software, server, and/or memory or
database modules, or use of the same. In view of the
disclosure provided herein, software modules are created by
techniques known to those of skill in the art using machines,
software, and languages known to the art. The software
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modules disclosed herein are implemented 1 a multitude of
ways. In various embodiments, a software module com-
prises a lile, a section of code, a programming object, a
programming structure, or combinations thereof. In further
various embodiments, a software module comprises a plu-
rality of files, a plurality of sections of code, a plurality of
programming objects, a plurality of programming structures,
or combinations thereof. A computer, control unit or con-
troller as used herein may include a processor, which may
turther include any programmable system including systems
and microcontrollers, reduced instruction set circuits
(RISC), application specific integrated circuits (ASIC), pro-
grammable logic circuits (PLC), and any other circuit or
processor capable of executing the functions described
herein. The above examples are exemplary only, and thus are
not intended to limit 1n any way the definition and/or
meaning ol such terms.

While exemplary devices, apparatus, systems and meth-
ods of the invention have been described herein, it should
also be understood that the foregoing 1s only 1llustrative of
a few particular embodiments with exemplary and/or pre-
terred features, as well as principles of the invention, and
that various modifications can be made by those skilled in
the art without departing from the scope and spirit of the
invention. Therefore, the described embodiments should not
be considered as limiting of the scope of the invention in any
way. Accordingly, the invention embraces alternatives,
modifications and variations which fall within the spirit and
scope of the invention as set forth by the claims and any
equivalents thereto.

The mvention claimed 1s:

1. A vehicle battery management system, comprising:

a) a battery group mounted 1n a vehicle, the battery group
comprising a plurality of vehicle batteries, wherein
cach vehicle battery of the plurality of vehicle batteries
includes electrical terminals, a battery case including a
lower battery surface and an upper battery surface,
wherein the upper surface 1s adjacent to the electrical
terminals, each said vehicle battery of being mounted
on a substrate having a first side and a second side,
wherein the second side opposes the first side, wherein
the substrate includes a port for receiving each electri-
cal terminal of the electrical terminals of each said
vehicle batteries, the substrate and the port being
dimensioned to enable each said electrical terminal of
cach said vehicle battery to protrude from the second
side responsive to the upper battery surface contacting,
the first side;

b) a plurality of electrical conductors operatively associ-
ated with the battery group, the plurality of electrical
conductors including a first one or more electrical
conductors associated with a first vehicle battery of the
plurality of vehicle batteries and a second one or more
clectrical conductors associated with a second vehicle
battery of the plurality of vehicle batteries, the first one
or more ¢lectrical conductors forming a non-permanent
engagement with the electrical terminals of the first
vehicle battery to electrically connect the first vehicle
battery in the battery group with an internal vehicle
wiring harness independently of the second vehicle
battery, the second one or more electrical conductors
forming a non-permanent engagement with the electri-
cal terminals of the second vehicle battery to electri-
cally connect the second vehicle battery of the plurality
of vehicle batteries in the battery group with the
internal vehicle wiring harness independently of the
first vehicle battery;




US 12,409,741 B2

13

c) a first electrically operated switch in electrical com-

munication with the first one or more electrical con-
ductors and a second electrically operated switch 1n
clectrical communication with the second one or more
clectrical conductors, each electrically operated switch
of the first electrically operated switch and the second
clectrically operated switch being enabled to switch to
(1) a closed position, wherein the closed position estab-
lishes an electrical circuit between one of the plurality
of vehicle batteries and the internal vehicle wiring
harness to supply current from said one of the plurality
of vehicle batteries to the internal vehicle wiring har-
ness, and (11) an open position, wherein the open
position interrupts electrical communication between
the vehicle battery and the internal vehicle wiring
harness;

d) a battery power control unit 1n electrical communica-

tion with a power source and each said electrically
operated switch, the battery power control unit com-
prising a processor and a memory, the memory includ-
ing an executable program whereby the processor
executes the program to monitor the condition of the
first vehicle battery and the second vehicle battery of
the plurality of vehicle batteries, wherein responsive to
a monitored condition of the first vehicle battery being
less than a threshold value, the battery management
control unit (1) transmitting a signal to switch the first
clectrically operated switch to the open position, and
(11) transmitting a signal to switch the second electri-
cally operated switch to the closed position; and

¢) a lever having a body, the body including a first end and

a second end, the first end being mounted on the
substrate for pivotal motion, the second end being
dimensioned to protrude adjacent to the lower battery
surface of the case, wherein the pivotal motion of the
lever causes the disengagement of at least one non-
permanent engagement.

2. The vehicle battery management system of claim 1,

wherein the measured condition comprises a measurable
value indicative of the remaining battery life of said one of
the plurality of vehicle batteries.

3. The vehicle battery management system of claim 1,

14

to the open position, and (1) transmitting a signal to
switch the third electrically operated switch to the
closed position.

6. The vehicle battery management system of claim 1,

5 wherein the first and second electrically operated switches
are 1n the open position and the battery power control unit
transmits an initial signal to switch the first switch to the

closed position.
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battery state of charge, state of health, capacity or voltage of
said one of the plurality of vehicle batteries.

4. The vehicle battery management system of claim 1,

wherein the battery management control unit transmits the
signal to switch the second electrically operated switch to
he closed position prior to transmitting the signal to switch

t

50

t

ne first

clectrically operated switch to the open position.

5. The vehicle battery management system of claim 1,

turther comprising:

a) a third one or more electrical conductors associated

with a third vehicle battery of the plurality of vehicle
batteries, the third one or more electrical conductors
clectrically connecting the third vehicle battery of the
plurality of vehicle batteries 1n the battery group with
the internal vehicle wiring harness independently of the
first vehicle battery and the second vehicle battery; and

b) a third electrically operated switch 1n electrical com-

munication with the third one or more electrical con-

ductors, wherein responsive to a measured condition of

the second vehicle battery being less than a threshold
value, the battery power control unit (1) transmitting a
signal to switch the second electrically operated switch
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7. The vehicle battery management system of claim 1,

turther comprising a display device in communication with

t
¢

ne battery power control unit being configured to display
ne measured condition of at least one of the first vehicle

Battery and the second vehicle battery.

8. The vehicle battery management system of claim 1,

wherein the power source 1s one or more of the plurality of
vehicle batteries 1n the battery group.

9. The vehicle battery management system of claim 8,

wherein the plurality of electrical conductors imnclude one or
more electrical conductors electrically connecting the plu-
rality of vehicle batteries together with the battery power
control unait.

10. A vehicle battery management system, comprising;:
a) a battery group mounted 1n a vehicle, the battery group

comprising a plurality of vehicle batteries;

b) a plurality of electrical conductors operatively associ-

ated with the battery group, the plurality of electrical
conductors including one or more electrical conductors
associated with each vehicle battery of the plurality of
vehicle batteries, the one or more electrical conductors
of the plurality of electrical conductors electrically
connecting each vehicle battery of the plurality of
vehicle batteries 1n the battery group with an internal
vehicle wiring harness independently of any other
vehicle battery of the plurality of vehicle batteries 1n
the battery group, wherein the plurality of electrical
conductors are operatively associated with the battery
group by a substrate defining a first side and a second
side, the substrate including a first receiving port
extending through the substrate from the first side to the
second side and a second receiving port extending
through the substrate from the first side to the second
side, a first spring-biased clamp including a first elec-
trically conductive portion, wherein the first spring-
biased clamp 1s configured to engage a protruding
positive terminal of each vehicle battery, whereby the
first electrically conductive portion 1s placed 1n elec-
trical communication with the protruding positive ter-
minal ol each vehicle battery, and a second spring-
biased clamp 1ncluding a second electrically
conductive portion, wherein the second spring-biased
clamp 1s configured to engage a protruding negative
terminal of each said vehicle battery, whereby the
second electrically conductive portion 1s placed 1n
clectrical communication with the protruding negative
terminal;

c) a plurality of electrically operated switches, each

clectrically operated switch of the plurality of electri-
cally operated switches being 1n electrical communi-
cation with the one or more electrical conductors
associated with each vehicle battery, each said electr-
cally operated switch being enabled to switch to (1) a
closed position, wherein the closed position establishes
an electrical circuit between one of the plurality of
vehicle batteries and the internal vehicle wiring harness
to enable a supply current from the one of the plurality
of vehicle batteries to the internal vehicle wiring har-
ness, and (11) an open position, wherein the open



US 12,409,741 B2

15

position interrupts electrical communication between
the one of the plurality of vehicle batteries and the
internal vehicle wiring harness;

d) a battery power control unmit 1n electrical communica-
tion with a power source and each electrically operated
switch of the plurality of electrically operated switches,
the battery power control unit comprising a processor
and a memory, the memory including an executable
program whereby the processor executes the program
to (1) monitor battery measurements of each said one of
the plurality of vehicle batteries 1n the battery group,
wherein responsive to said one of the plurality of
vehicle batteries having a lesser measured battery life
than a threshold value, the battery management control
umt identifying a vehicle battery having a greater
measured battery life than the threshold value, (11)
switch the electrically operated switch associated with
the vehicle battery having the greater measured battery
life than the threshold value to the closed position and
(111) switch the electrically operated switch associated
with the vehicle battery having the lesser measured
battery life than the threshold value to the open posi-
tion; and

¢) a lever mounted for pivotal motion to the substrate, the
lever defining a first end and a second end, the first end
protruding along an axis being transverse to the plane
of the substrate, the second end being mounted at the
substrate and connected with the first spring-biased
clamp and the second spring-biased clamps by a first
push rod and a second push rod, respectively, wherein
the pivotal motion of the lever overcomes the spring-
bias of the first spring-biased clamp and the second
spring-biased clamps to cause the disengagement of the
first electrically conductive portion and the second
clectrically conductive portions with the protruding
positive terminal and the negative terminal, respec-
tively.

11. The vehicle battery management system of claim 10,
wherein the power source 1s one or more of the plurality of
vehicle batteries 1n the battery group.

12. The vehicle battery management system of claim 10,
turther comprising a display device in communication w1th
the battery power control unit being configured to display
the measured voltage of each of the plurality of vehicle
batteries 1n the battery group.

13. The vehicle battery management system of claim 10,
turther comprising an audio device in communication with
the battery power control unit being configured to emit an
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audible sound responsive to said one of the plurality of
vehicle batteries having the lesser measured voltage.

14. The vehicle battery management system of claim 10,
wherein the battery power control unit transmits an electrical
signal to the electrically operated switches to switch the
clectrically operated switches to the open condition and to
the closed condition.

15. The vehicle battery management system of claim 10,
wherein each electrically operated switch of the first elec-
trically operated switch and the second electrically operated
switch 1s 1n the open position and the battery power control
unit transmits an electrical signal to the electrically operated
switches to switch the electrically operated switches to the
closed condition.

16. The vehicle battery management system of claim 10,
wherein the measured battery life comprises at least one of
a battery state of charge, state of health, capacity or voltage.

17. The vehicle battery management system of claim 16,
wherein the plurality of electrical conductors imnclude one or
more electrical conductors electrically connecting the plu-
rality of vehicle batteries together with the battery power
control unait.

18. The vehicle battery management system of claim 10,
wherein the first spring-biased clamp comprises first clamp
opposing portions, each said first clamp opposing portion
having an 1nner surface and an outer surface, the first clamp
opposing portions being mounted adjacent to the first recerv-
ing port, the first clamp opposing portions being biased
towards one another whereby the protruding positive termi-
nal forces the first clamp opposing portions to move out-
wardly responsive to being received by the first receiving
port; and wherein the second spring-biased clamp comprises
second clamp opposing portions, each said second clamp
opposing portion having an inner surface and an outer
surface, the second clamp opposing portions being mounted
adjacent to the second receiving port, the second clamp
opposing portions being biased towards one another
whereby the protruding negative terminal forces the second
clamp opposing portions to move outwardly responsive to
being received by the second receiving port.

19. The vehicle battery management system of claim 18,
wherein the first electrically conductive portion comprises
the 1nner surfaces of the first clamp opposing portions, and
wherein the second electrically conductive portion com-
prises the inner surfaces of the second clamp opposing
portions.
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