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(54) SMART CHARGING SYSTEM FOR ELECTRIC VEHICLE BATTERY PACKS

(57) A method of selectively charging a battery packs
in a battery system of an electric vehicle may include
selecting a first battery pack (502) from a plurality of bat-
tery packs in the battery system. The method may also
include receiving one or more messages from the first
battery pack (502). The one or more messages may in-
lcude indications of a voltage and a current associated
with the first battery pack. The method may additionally

include determining a charging voltage and a charging
current for the first battery pack based at least in part on
the voltage and the current associated with the first bat-
tery pack. The method may further include causing a bat-
tery charging circuit (504) to charge the first battery pack
by applying the charging voltage and the charging current
to the first battery pack.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to U.S.
Provisional Patent Application No. 62/272,714, filed on
December 30, 2015, the disclosure of which is hereby
incorporated by reference in its entirety for all purposes.

BACKGROUND

[0002] Exemplary embodiments of the present disclo-
sure relate to battery management systems that may be
used, for example, for managing power output and
modes of one or more batteries in an electric vehicle.
[0003] An electric vehicle uses a battery pack as an
energy source. To ensure that the electric vehicle oper-
ates properly, the battery pack is monitored and man-
aged during discharge and charging, e.g. to maintain the
battery pack within a certain range of temperature and
other parameters. Operating within the working temper-
ature ensures that the battery pack performs efficiently
and has a long service life. Due to the large influence of
temperature on the performance and the service life of
the battery pack, the working temperature of the battery
pack and the consistency of the working states of the
battery cells within the battery pack are very important in
the design of the electric vehicle and the battery pack.
As such a battery management system (BMS) is typically
used to manage the performance and operation of a re-
chargeable battery (e.g. a cell or battery pack), by pro-
tecting the battery from operating outside its working tem-
perature, monitoring its state, and calculating and/or re-
porting data to other control systems in the vehicle. The
BMS may also control recharging of the battery, e.g. by
redirecting recovered or charger energy to the battery
pack.

BRIEF SUMMARY

[0004] In some embodiments, a battery-charging sys-
tem for an electric vehicle may inlcude a battery system
comprising a plurality of battery packs. The plurality of
battery packs may inlcude a first battery pack, a commu-
nication bus, a battery charging circuit that is configurable
to provide varying levels of current and voltage to indi-
vidual battery packs in the battery system, and one or
more microcontrollers. The one or more microcontrollers
may be programmed to preform operations including re-
ceiving, through the communication bus, one or more
messages from the first battery pack. The one or more
messages may inlcude indications of a voltage and a
current associated with the first battery pack. The oper-
ations may also include determining a charging voltage
and a charging current for the first battery pack based at
least in part on the voltage and the current associated
with the first battery pack. The operations may addition-
ally include causing the battery charging circuit to charge

the first battery pack by applying the charging voltage
and the charging current to the first battery pack.
[0005] In some embodiments, a method of selectively
charging a battery packs in a battery system of an electric
vehicle may include selecting, by one or more microcon-
trollers, a first battery pack from a plurality of battery
packs in the battery system. The method may also in-
clude receiving, by the one or more microcontrollers
through a communication bus, one or more messages
from the first battery pack. The one or more messages
may inlcude indications of a voltage and a current asso-
ciated with the first battery pack. The method may addi-
tionally include determining, by the one or more micro-
controllers, a charging voltage and a charging current for
the first battery pack based at least in part on the voltage
and the current associated with the first battery pack. The
method may further include causing, by the one or more
microcontrollers, a battery charging circuit to charge the
first battery pack by applying the charging voltage and
the charging current to the first battery pack. The battery
charging circuit may be configurable to provide varying
levels of current and voltage to individual battery packs
in the battery system.
[0006] In various embodiments, one or more of the fol-
lowing features may be included in any combination and
without limitation. The one or more messages from the
first battery pack may further include an indication of se-
ries connections of individual battery cells in the first bat-
tery pack. Determining the charging voltage for the first
battery pack may further be based at least in part on the
series connections of the individual battery cells in the
first battery pack. Determining the charging voltage for
the first battery pack may further be based at least in part
on summing a number of series connection of the indi-
vidual battery cells in the first battery pack. The one or
more messages from the first battery pack may further
include an indication of parallel connections of individual
battery cells in the first battery pack. Determining the
charging current for the first battery pack may further be
based at least in part on the parallel connections of the
individual battery cells in the first battery pack. Determin-
ing the charging current for the first battery pack may
further be based at least in part on summing a number
of parallel connection of the individual battery cells in the
first battery pack. The one or more microcontrollers may
cause the battery charging circuit to charge the first bat-
tery pack independently from any other battery packs in
the plurality of battery packs. The battery charging circuit
may be configured to provide charging voltages of be-
tween 200 V and 500 V. The battery charging circuit may
be configured to provide charging currents of between 0
A and 400 A.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] A further understanding of the nature and ad-
vantages of the present invention may be realized by
reference to the remaining portions of the specification
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and the drawings, wherein like reference numerals are
used throughout the several drawings to refer to similar
components. In some instances, a sub-label is associat-
ed with a reference numeral to denote one of multiple
similar components. When reference is made to a refer-
ence numeral without specification to an existing sub-
label, it is intended to refer to all such multiple similar
components.

FIG. 1 illustrates a simplified diagram of an electric
vehicle with a rechargeable battery system, accord-
ing to some embodiments.

FIG. 2 illustrates a lithium-based battery that may be
used in electric vehicles, according to some embod-
iments.

FIG. 3 illustrates a top view and an isometric view of
a battery pack with a coolant loop, according to some
embodiments.

FIG. 4 is a simlpified schematic diagram of an electric
vehicle motor control system 400, according to some
embodiments.

FIG. 5 illustrates a simplified schematic of a single
battery pack, according to some embodiments.

FIG. 6 illustrates a simplified schematic of a plurality
of battery packs connected to a charging circuit, ac-
cording to some embodiments.

FIG. 7 illustrates a flowchart of a method of selec-
tively charging a battery pack in a battery system of
an electric vehicle, according to some embodiments.

FIG. 8 illustrates a flowchart of a method of deter-
mining a charging voltage and a charging current for
a battery pack, according to some embodiments.

DETAILED DESCRIPTION

[0008] Various example embodiments of the present
disclosure will be described below with reference to the
drawings constituting a part of the description. It should
be understood that, although terms representing direc-
tions are used in the present disclosure, such as "front",
"rear", "upper", "lower", "left", "right", and the like, for de-
scribing various exemplary structural parts and elements
of the present disclosure, these terms are used herein
only for the purpose of convenience of explanation and
are determined based on the exemplary orientations
shown in the drawings. Since the embodiments disclosed
by the present disclosure can be arranged according to
different directions, these terms representing directions
are merely used for illustration and should not be regard-
ed as limiting. Wherever possible, the same or similar
reference marks used in the present disclosure refer to

the same components.
[0009] Unless defined otherwise, all technical terms
used herein have the same meanings as commonly un-
derstood by one of ordinary skill in the art to which the
invention pertains. The embodiments of the invention and
the various features and advantageous details thereof
are explained more fully with reference to the non-limiting
embodiments and examples that are described and/or
illustrated in the accompanying drawings and detailed in
the following description. It should be noted that the fea-
tures illustrated in the drawings are not necessarily drawn
to scale, and features of one embodiment may be em-
ployed with other embodiments as the skilled artisan
would recognize, even if not explicitly stated herein. De-
scriptions of well-known components and processing
techniques may be omitted so as to not unnecessarily
obscure the embodiments of the invention. The examples
used herein are intended merely to facilitate an under-
standing of ways in which the invention may be practiced
and to further enable those of skill in the art to practice
the embodiments of the invention. Accordingly, the ex-
amples and embodiments herein should not be con-
strued as limiting the scope of the invention, which is
defined solely by the appended claims and applicable
law.
[0010] As used herein, the use of the terms "about" or
"approximately" should be interpreted as within 10% of
a given value, unless otherwise specified. The term "sub-
stantially" should be interpreted as encompassing great-
er than 85% of a thing, e.g. a component that is made
"substantially" of plastic would comprise greater than
85% plastic.
[0011] Described herein are embodiments for a fast
battery-charging circuit for an electric vehicle. An electric
vehicle may include a battery system that may in turn
include one or more battery packs. Each of the battery
packs may include a variable number of individual battery
cells that are connected in various combinations of par-
allel and series connections in order to increase the cur-
rent and voltage provided by the battery pack above that
of the individual battery cells. Instead of providing a one-
size-fits-all current/voltage for charging each possible
battery configuration, the embodiments described herein
provide an intelligent charging circuit that is configured
to determine a series connection structure and a parallel
connection structure for a particular battery pack. Com-
bining the series/parallel connection structures with the
known voltage/current characteristics of an individual
cell, the charging circuit can calculate the optimal charg-
ing voltage and charging current for each battery pack
at charge time. The charging circuit can then provide a
constant voltage at a constant current that is precisely
tuned for the battery pack being charged. This not only
increases the energy efficiency of the charging process,
but also decreases the time required to completely
charge a battery pack. This also provides a single battery-
charging circuit that can optimally charge many different
types of battery packs in the same battery system or
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across many different electric vehicle types.
[0012] FIG. 1 illustrates a simplified diagram 100 of an
electric vehicle 102 with a rechargeable battery system
104, according to some embodiments. The rechargeable
battery system 104 may be comprised of one or more
battery packs 106. A battery pack may be comprised of
a plurality of individual battery cells that are electrically
connected to provide a particular voltage/current to the
electric vehicle 102. Depending on the embodiment, the
electric vehicle 102 may include hybrid vehicles that op-
erate using both fuel combustion and stored electric pow-
er, as well as fully electric vehicles that operate entirely
from stored electric power.
[0013] The rechargeable battery system 104 repre-
sents a major component of the electric vehicle 102 in
terms of size, weight, and cost. A great deal of effort goes
into the design and shape of the rechargeable battery
system 104 in order to minimize the amount of space
used in the electric vehicle 102 while ensuring the safety
of its passengers. In some electric vehicles, the recharge-
able battery system 104 is located under the floor of the
passenger compartment as depicted in FIG. 1. In other
electric vehicles, the rechargeable battery system 104
can be located in the trunk or in the hood areas of the
electric vehicle.
[0014] While a smaller number of larger battery cells
could be more energy-efficient, the size and cost of of
these larger batteries are prohibitive. Furthermore, larger
batteries require more contiguous blocks of space in the
electric vehicle 102. This prevents larger batteries from
being stored in locations such as the floor of the passen-
ger compartment as depicted in FIG. 1. Therefore, some
embodiments use a large number of smaller battery cells
that are coupled together to generate electrical charac-
teristics that are equivalent to single larger cells. The
smaller cells may be, for example, the size of traditional
AA/AAA batteries, and may be grouped together to form
a plurality of battery packs 106. Each battery pack may
include a large number of individual battery cells. In one
embodiment, 700 individual lithium-ion batteries are
joined together to form a single battery pack 106a, and
the rechargeable battery system 104 may include four
battery packs 106, eight battery packs, ten battery packs,
sixteen battery packs, and/or the like, connected in par-
allel or series until the electrical requirements of the elec-
tric vehicle 102 are satisfied. The individual battery cells
included in each battery pack 106 may total in the thou-
sands for a single electric vehicle 102.
[0015] FIG. 2 illustrates a diagram 200 of a lithium-
based battery 202 that may be used in electric vehicles,
according to some embodiments. As used herein, the
terms "battery", "cell", and "battery cell" may be used
interchangeably to refer to any type of individual battery
element used in a battery system. The batteries de-
scribed herein typically include lithium-based batteries,
but may also include various chemistries and configura-
tions including iron phosphate, metal oxide, lithium-ion
polymer, nickel metal hydride, nickel cadmium, nickel-

based batteries (hydrogen, zinc, cadmium, etc.), and any
other battery type compatible with an electric vehicle. For
example, some embodiments may use the 6831 NCR
18650 battery cell from Panasonic®, or some variation
on the 18650 form-factor of 6.5 cm x 1.8 cm and aprox-
imately 45 g. The battery 202 may have at least two ter-
minals. In some embodiments, a positive terminal 204
may be located at the top of the battery 202, and a neg-
ative terminal 206 may be located on the eopposite bot-
tom side of the battery 202.
[0016] FIG. 3 illustrates a top view 300 and an isometric
view 302 of a battery pack 304 with a coolant loop 306,
according to some embodiments. The battery pack 304
depicted in FIG. 3 is greatly simplified from an actual
battery pack that would be used in electric vehicle. The
number of individual battery cells and cell rows has been
greatly reduced in order to describe the elements of the
present invention simply and clearly. It will be understood
that actual battery packs would include many more indi-
vidual battery cells and more complicated routing of the
coolant loop 306.
[0017] The individual battery cells in the battery pack
304 are linearly arranged in a series of rows, with each
individual battery cell being adjacent to another battery
cell within the row. In some embodiments, there will be
no appreciable gap between the individual battery cells
within a single row. In order to maximize the number of
individual battery cells per unit volume, adjacent rows of
battery cells are offset by approximately the radius of one
individual battery cell. Adjacent rows are then placed next
to each other in the offset position depicted in FIG. 3 such
that each individual battery cell in a first row is adjacent
to or contacting two individual battery cells in a second
row. In some embodiments (not shown) three or more
rows are placed adjacent to each other with no appreci-
able gaps therebetween.
[0018] The battery pack 304 of FIG. 3 includes pairs
adjacent rows separated by a coolant loop 306. The elec-
tric vehicle may be configured to pump liquid coolant
through the coolant loop 306 in order to transfer heat
from the battery pack 304 to a radiator or other heat ex-
change system. The coolant loop 306 may include one
or more coolant tubes 308 through which liquid coolant
may be circulated. In some embodiments, the electric
vehicle may use a dedicated coolant loop for the battery
pack 304, while other embodiments may utilize an exist-
ing engine coolant system. In some embodiments, the
coolant loop 306 may also be coupled to a heating sys-
tem, such that the battery pack 304 can be heated when
extreme weather causes the ambient temperature to
drop below a preferred operating temperature range of
the individual battery cells.
[0019] FIG. 4 is a simlpified schematic diagram of an
electric vehicle motor control system 400, according to
some embodiments. As shown in FIG. 4, the control sys-
tem 400 for controlling an electric vehicle may include a
battery system 410, a motor driving circuit 403, a motor
404, one or more sensors 405, a console 406 that may
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include a CPU 409, a driving input system 407, and/or a
memory 408. Note that the simplified nature of this dia-
gram may omit the many other onboard systems and
compenent that one having skill in the art would under-
stand to be present in an electric vehicle. These systems
and components have been omitted for clarity.
[0020] The battery system 410 may provide the motor
404 with operating power. The motor driving circuit 403
may be connected between the motor 404 and the battery
system 410 to transmit the power of the battery system
410 to the motor 404. The working state of the motor 404
may be controlled by controlling the voltage/current
transmitted to the motor 404. The one or more sensors
405 may be used for sensing the current operating pa-
rameters (e.g., a speed, a torque, etc.) of the motor 404
and sending the operating parameters to the console
406. According to these parameters, the console 406 can
judge the current operating state of the motor 404 and
send a control signal to the motor driving circuit 403 to
change the voltage/current input to the motor 404, thus
changing the operating state of the motor. The console
406 may be further connected with the driving input sys-
tem 407 and the memory 408. The driving input system
407 may be configured to receive a target operating state
for the motor 404 to be provided to the console 406. The
memory 408 may be used to store an operational model
for the motor 404, and the console 406 may be configured
to read data from and write data to the operational model
of the motore 404.
[0021] FIG. 5 illustrates a simplified schematic 500 of
a single battery pack 502, according to some embodi-
ments. As used herein, the term "battery pack" may in-
clude a single battery pack amongst a plurality of battery
packs in a battery system in an electric vehicle. A battery
pack may include a plurality of individual battery cells. In
some embodiments, the battery system may include bat-
tery packs that are individually chargable by the battery-
charging circuitry. In other embodiments, each individual
cell in the battery system of the elecetric vehicle may be
charged together through a single interface. In these em-
bodiments, the "battery pack" would include all of the
individual battery cells included in the battery system.
Therefore, the term "battery pack" may be interpreted
from the perspective of the battery charging circuitry to
be any unit that is individually addressable by the battery
charging circuitry, regardless of the number of individual
cells.
[0022] In this embodiment, the battery pack 502 is
comprised of a plurality of individual battery cells 504. It
will be understood by one having skill in the art that this
battery pack 502 is greatly simplified compared to those
that would be used in actual electric vehicles. Specifical-
ly, the number of individual battery cells 504 has been
reduced in order to clearly show the series and parallel
connections that may exist within a battery pack. In this
embodiment, the battery pack 502 is comprised of 12
individual battery cells that have identical voltage and
current characteristics. In some embodiments, the bat-

tery system of the electric vehicle may include a plurality
of battery packs that are the same as or different from
the battery pack 502 depicted in FIG. 5. In some embod-
iments, the battery pack 502 of FIG. 5 may represent the
entire battery system of an electric vehicle.
[0023] In order to increase the voltage provided by the
battery pack 502 above the voltage provided by the in-
dividual battery cells 504, a plurality of individual battery
cells 504 may be connected in series. A series connection
will provide a voltage that is a multiple of the voltage
provided by each individual battery cell 504 at a current
that is approximately the same as the current provided
by each individual battery cell 504. In the example of FIG.
5, each of the vertical columns of individual battery cells
504 is wired in series. Specifically, the negative terminal
506 of one battery is electrically connected to the positive
terminal 508 of another battery. Each of the vertical col-
umns in FIG. 5 would produce approximately 4 times the
voltage of each individual battery cell 504. In practice,
the series connection of individual battery cells 504 can
produce voltages that are in excess of 100 V.
[0024] In addition to the series connections, the indi-
vidual battery cells 504 can also be electrically connected
in parallel in order to source a larger amount of current.
Individual battery cells can be connected in parallel, or a
plurality of individual battery cells 504 connected in series
can then be connected in parallel. As is depicted in FIG.
5, the three groups of series-connected individual battery
cells 504 can be connected in parallel by connecting the
same terminals of individual battery cells in each group.
For example, the negative terminal of the first cell in each
series-connected group can be electrically connected,
and the positive terminal of the last cell in each series-
connected group can be electric connected. By using
both series and parallel connections, the current and volt-
age can both be increased dramatically.
[0025] The battery pack 502 may include a battery
pack controller 510, which may be comprised of one or
more microcontrollers, one or more memory devices,
and/or one or more bus interfaces. The battery pack con-
troller 510 can store information in one or more memory
devices. Such information may include a make/model of
each individual battery cell 504, the voltage characteris-
tics of each individual battery cell 504, current character-
istics of each individual battery cell 504, a number of se-
ries connections between individual battery cells 504, a
number of parallel connections between the individual
battery cells 504, an overall voltage provided by the bat-
tery pack 502, an overall current provided by the battery
pack 502, and/or the like. This information may be pro-
vided to a microcontroller of the charging circuit 514 upon
request. Using this architecture, the battery pack control-
ler 510 can be programmed with the battery contents and
connections of the battery pack 502 when it is manufac-
tured. Thus, many different types of battery pack can be
manufactured and put into different electric vehicles,
each of which may use different battery cells in different
series/parallel connections, and each of which will still
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be compatible with the same charging circuit 514. Be-
cause all of the descriptive information of the battery pack
502 needed to optimally charge the battery pack 502 is
stored in the battery pack controller 510, this information
can simple be provided to the charging circuit 514 in order
to optimize the charging voltage and charging current for
that particular battery pack 502 as will be described in
greater detail below.
[0026] The battery pack controller 510 can be connect-
ed to a communication bus that is shared between other
battery packs and a charging circuit 514. For example,
a CAN bus may be used to to communicate between the
microcontrollers of various battery packs and a charging
circuit 514. The shared bus may facilitate individual
charging of battery packs in the battery system. For ex-
ample, a charging circuit 514 can query the battery pack
controller 510 of battery pack 502 specifically, without
necessarily addressing the battery pack controllers of
other battery packs. The communication bus can be con-
nected to a terminal 512 of the battery pack 502. The
terminal may also provide (-) and (+) electrical connec-
tions to the charging circuit and to the motor driving circuit
described above in FIG. 4. Other connections through
the terminal 512 may also be provided by the battery
pack 502, such as an interface for a coolant loop.
[0027] FIG. 6 illustrates a simplified schematic 600 of
a plurality of battery packs 606 connected to a charging
circuit 616, according to some embodiments. In this em-
bodiment, the battery system is comprised of a plurality
of battery packs 606 that are individually addressable by
the charging circuit 616. Thus, the charging circuit 616
can use the communication bus to connect individually
with each of the individual battery packs 606. In some
embodiments, the charging circuit 616 may include sep-
arate electrical interfaces (e.g.,(-) and (+) terminals) for
each of the individual battery packs 606. This allows the
charging circuit 616 to provide separate currents and/or
voltages that are specifically calculated to match the se-
ries/parallel voltage/current requirements for each of the
individual battery packs 606.
[0028] The charging circuit 616 may include one or
more microcontrollers 610, a power conversion circuit
612, and/or a power input interface 614. The power input
interface 614 may receive input power 616 from an ex-
ternal charging station or from an internal power source,
such as a braking system. The power input interface 614
can receive the raw input power 616 and convert/regulate
the raw input power 616 into a form that is usable by the
power conversion circuit 612. The one or more micro-
controllers 610 can query the battery pack controller 604
of a specific battery pack 606 to determine the volt-
age/current characteristics that are required to optimally
charge the battery pack 606. The one or more microcon-
trollers 610 can then instruct the power conversion circuit
612 to step up/down the DC voltage/current received
from the power input interface 614 to meet specific needs
of the battery pack 606.
[0029] FIG. 7 illustrates a flowchart 700 of a method

of selectively charging a battery pack in a battery system
of an electric vehicle, according to some embodiments.
The method may be performed by one or more micro-
controllers of a charging circuit. The method may include
selecting a first battery pack from the plurality of battery
packs in the battery system (702). The charging circuit
may receive power information from each of the individ-
ual battery packs and determine when a battery pack is
running low and needs to be charged. Additionally, the
charging circuit may receive input power from an external
power source and begin charging individual battery
packs by selecting the battery pack that has the lowest
remaining charge.
[0030] The method may also include receiving one or
more messages from the first battery pack (704). The
one or more messages may be received through a com-
munication bus that is specific to the first battery pack or
that is shared amongst the plurality of battery packs. The
message(s) may include indications of a voltage and/or
a current associated with the first battery pack. For ex-
ample, the message(s) may include a make/model
number for an individual battery cell that can be used to
look up a cell voltage/current stored by the charging cir-
cuit. Alternatively, the message(s) may include the volt-
age/current provided by each individual battery cell. In
some embodiments, the message(s) may include a total
voltage/current provided by the first battery pack.
[0031] The method may additionally include determin-
ing the charging voltage and a charging current for the
first battery pack (706). The charging voltage and charg-
ing current may be determined based at least in part on
the voltage and current associated with the first battery
pack. For example, determining a charging voltage for
the first battery pack may be determined based on sum-
ming a number of series connections of individual battery
cells in the first battery pack. Similarly, determining a
charging current for the first battery pack may be deter-
mined based on summing a number of parallel connec-
tions of individual battery cells in the first battery pack.
[0032] The method may further include causing a bat-
tery charging circuit to charge the first battery pack by
applying the charging voltage and the charging current
to the first battery pack (708). In some embodiments, the
battery charging circuit can charge the first battery pack
independently from any other battery packs in the plural-
ity of battery packs. In other embodiments, charging the
first battery pack may include charging all of the other
battery packs in the battery system simultaneously. The
charging circuitry may be configurable to provide variable
voltages/currents depending on the needs of a particular
battery pack. For example, the battery charging circuitry
may be configured to provide charging voltages of be-
tween 200 V and 500 V. Similarly, the battery charging
circuitry may be configured to provide charging currents
of between 0 A and 400 A.
[0033] It should be appreciated that the specific steps
illustrated in FIG. 7 provide particular methods of charg-
ing a battery pack according to various embodiments of
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the present invention. Other sequences of steps may also
be performed according to alternative embodiments. For
example, alternative embodiments of the present inven-
tion may perform the steps outlined above in a different
order. Moreover, the individual steps illustrated in FIG. 7
may include multiple sub-steps that may be performed
in various sequences as appropriate to the individual
step. Furthermore, additional steps may be added or re-
moved depending on the particular applications. One of
ordinary skill in the art would recognize many variations,
modifications, and alternatives.
[0034] FIG. 8 illustrates a flowchart 800 of a method
of determining a charging voltage and a charging current
for a battery pack, according to some embodiments. This
method may be considered a specific method of the more
general method of flowchart 700 described above. This
method may include establishing a bus communication
between the microcontroller of the battery charging cir-
cuitry and a collection of batteries (802). The collection
of batteries may be one of many battery packs, or an
entire battery system of an electric vehicle. The method
may also include receiving a battery type (804). Battery
type may indicate a current sourced by each battery cell
and a voltage provided by each battery cell. The method
may additionally include determining or receiving a bat-
tery series structure (806). The battery series structure
may define how batteries are connected in series in the
collection of batteries. Similarly, the method may include
determining or receiving a battery parallel structure (808).
As with the series structure, the parallel structure may
define how batteries are connected in parallel in the col-
lection of batteries. The method may further include de-
termining a charging voltage and charging current (810).
As described above, the charging voltage may be deter-
mined at least in part by the battery series structure, and
the charging current may be determined at least in part
by the battery parallel structure. Finally, the method may
include beginning to charge the collection of batteries
using the charging current and/or charging voltage (812).
[0035] It should be appreciated that the specific steps
illustrated in FIG. 8 provide particular methods of deter-
mining charging voltages/currents according to various
embodiments of the present invention. Other sequences
of steps may also be performed according to alternative
embodiments. For example, alternative embodiments of
the present invention may perform the steps outlined
above in a different order. Moreover, the individual steps
illustrated in FIG. 8 may include multiple sub-steps that
may be performed in various sequences as appropriate
to the individual step. Furthermore, additional steps may
be added or removed depending on the particular appli-
cations. One of ordinary skill in the art would recognize
many variations, modifications, and alternatives.
[0036] In the foregoing description, for the purposes of
explanation, numerous specific details were set forth in
order to provide a thorough understanding of various em-
bodiments of the present invention. It will be apparent,
however, to one skilled in the art that embodiments of

the present invention may be practiced without some of
these specific details.In other instances, well-known
structures and devices are shown in block diagram form.
[0037] The foregoing description provides exemplary
embodiments only, and is not intended to limit the scope,
applicability, or configuration of the disclosure. Rather,
the foregoing description of the exemplary embodiments
will provide those skilled in the art with an enabling de-
scription for implementing an exemplary embodiment. It
should be understood that various changes may be made
in the function and arrangement of elements without de-
parting from the spirit and scope of the invention as set
forth in the appended claims.
[0038] Specific details are given in the foregoing de-
scription to provide a thorough understanding of the em-
bodiments. However, it will be understood by one of or-
dinary skill in the art that the embodiments may be prac-
ticed without these specific details. For example, circuits,
systems, networks, processes, and other components
may have been shown as components in block diagram
form in order not to obscure the embodiments in unnec-
essary detail. In other instances, well-known circuits,
processes, algorithms, structures, and techniques may
have been shown without unnecessary detail in order to
avoid obscuring the embodiments.
[0039] Also, it is noted that individual embodiments
may have beeen described as a process which is depict-
ed as a flowchart, a flow diagram, a data flow diagram,
a structure diagram, or a block diagram. Although a flow-
chart may have described the operations as a sequential
process, many of the operations can be performed in
parallel or concurrently. In addition, the order of the op-
erations may be rearranged. A process is terminated
when its operations are completed, but could have addi-
tional steps not included in a figure. A process may cor-
respond to a method, a function, a procedure, a subrou-
tine, a subprogram, etc. When a process corresponds to
a function, its termination can correspond to a return of
the function to the calling function or the main function.
[0040] In the foregoing specification, aspects of the in-
vention are described with reference to specific embod-
iments thereof, but those skilled in the art will recognize
that the invention is not limited thereto. Various features
and aspects of the above-described invention may be
used individually or jointly. Further, embodiments can be
utilized in any number of environments and applications
beyond those described herein without departing from
the broader spirit and scope of the specification. The
specification and drawings are, accordingly, to be regard-
ed as illustrative rather than restrictive.

Claims

1. A battery-charging system for an electric vehicle, the
battery-charging system comprising:

- a battery system comprising a plurality of bat-
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tery packs, the plurality of battery packs com-
prising a first battery pack;
- a communication bus;
- a battery charging circuit that is configurable
to provide varying levels of current and voltage
to individual battery packs in the battery system;
and
- one or more microcontrollers programmed to
preform operations comprising:

- receiving, through the communication bus,
one or more messages from the first battery
pack, wherein the one or more messages
comprise indications of a voltage and a cur-
rent associated with the first battery pack;
- determining a charging voltage and a
charging current for the first battery pack
based at least in part on the voltage and the
current associated with the first battery
pack; and
- causing the battery charging circuit to
charge the first battery pack by applying the
charging voltage and the charging current
to the first battery pack.

2. The battery-charging system of claim 1, wherein the
one or more messages from the first battery pack
further comprise an indication of series connections
of individual battery cells in the first battery pack.

3. The battery-charging system of claim 2, wherein de-
termining the charging voltage for the first battery
pack is further based at least in part on the series
connections of the individual battery cells in the first
battery pack, or
wherein determining the charging voltage for the first
battery pack is further based at least in part on sum-
ming a number of series connection of the individual
battery cells in the first battery pack.

4. The battery-charging system of one of the preceding
claims, wherein the one or more messages from the
first battery pack further comprise an indication of
parallel connections of individual battery cells in the
first battery pack.

5. The battery-charging system of claim 4, wherein de-
termining the charging current for the first battery
pack is further based at least in part on the parallel
connections of the individual battery cells in the first
battery pack, or
wherein determining the charging current for the first
battery pack is further based at least in part on sum-
ming a number of parallel connection of the individual
battery cells in the first battery pack.

6. The battery-charging system of one of the preceding
claims, wherein the one or more microcontrollers

cause the battery charging circuit to charge the first
battery pack independently from any other battery
packs in the plurality of battery packs.

7. The battery-charging system of one of the preceding
claims, wherein the battery charging circuit is con-
figured to provide charging voltages of between 200
V and 500 V, or
wherein the battery charging circuit is configured to
provide charging currents of between 0 A and 400 A.

8. A method of selectively charging a battery packs in
a battery system of an electric vehicle, the method
comprising:

- selecting, by one or more microcontrollers, a
first battery pack from a plurality of battery packs
in the battery system;
- receiving, by the one or more microcontrollers
through a communication bus, one or more mes-
sages from the first battery pack, wherein the
one or more messages comprise indications of
a voltage and a current associated with the first
battery pack;
- determining, by the one or more microcontrol-
lers, a charging voltage and a charging current
for the first battery pack based at least in part
on the voltage and the current associated with
the first battery pack; and
- causing, by the one or more microcontrollers,
a battery charging circuit to charge the first bat-
tery pack by applying the charging voltage and
the charging current to the first battery pack,
wherein the battery charging circuit is configura-
ble to provide varying levels of current and volt-
age to individual battery packs in the battery sys-
tem.

9. The method of claim 8, wherein the one or more mes-
sages from the first battery pack further comprise an
indication of series connections of individual battery
cells in the first battery pack.

10. The method of claim 9, wherein determining the
charging voltage for the first battery pack is further
based at least in part on the series connections of
the individual battery cells in the first battery pack, or
wherein determining the charging voltage for the first
battery pack is further based at least in part on sum-
ming a number of series connection of the individual
battery cells in the first battery pack.

11. The method of one of claims 8 to 10, wherein the
one or more messages from the first battery pack
further comprise an indication of parallel connections
of individual battery cells in the first battery pack.

12. The method of claim 11, wherein determining the
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charging current for the first battery pack is further
based at least in part on the parallel connections of
the individual battery cells in the first battery pack,
or wherein determining the charging current for the
first battery pack is further based at least in part on
summing a number of parallel connection of the in-
dividual battery cells in the first battery pack.

13. The method of one of claims 8 to 12, wherein the
one or more microcontrollers cause the battery
charging circuit to charge the first battery pack inde-
pendently from any other battery packs in the plural-
ity of battery packs.

14. The method of one of claims 8 to 13, wherein the
battery charging circuit is configured to provide
charging voltages of between 200 V and 500 V, or
wherein the battery charging circuit is configured to
provide charging currents of between 0 A and 400 A.
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