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ABSTRACT

This disclosure describes vehicle systems and methods for
controlling charging of an auxiliary battery of an electrified
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AUXILIARY BATTERY CHARGING
SYSTEMS AND METHODS FOR
ELECTRIFIED VEHICLES

TECHNICAL FIELD

[0001] This disclosure relates to vehicle systems and
methods for controlling charging of electrified vehicle aux-
iliary batteries.

BACKGROUND

[0002] The desire to reduce automotive fuel consumption
and emissions has been well documented. Electrified
vehicles are being developed that reduce or completely
eliminate reliance on internal combustion engines. In gen-
eral, electrified vehicles differ from conventional motor
vehicles because they can be selectively driven by one or
more battery powered electric machines. Conventional
motor vehicles, by contrast, rely exclusively on the internal
combustion engine to propel the vehicle.

[0003] Electrified vehicles may include a high voltage
traction battery pack for powering various high voltage
loads of the vehicle and an auxiliary battery for powering
various low voltage loads of the vehicle. The high voltage
battery pack and the low voltage auxiliary battery of some
electrified vehicles, such as battery electric vehicles (BEV)
and plug-in hybrid electric vehicles (PHEV), are typically
charged using energy from a utility grid or other off-board
power source.

SUMMARY

[0004] A method according to an exemplary aspect of the
present disclosure includes, among other things, performing
charge management of a low voltage battery of an electrified
vehicle, via a vehicle charging system onboard the electri-
fied vehicle, including waking-up the vehicle charging sys-
tem during a next available low cost charging window
subsequent to charging a high voltage battery pack of the
electrified vehicle.

[0005] In a further non-limiting embodiment of the fore-
going method, performing the charge management includes
charging the high voltage battery pack and the low voltage
battery together during a programmed charging window that
occurs prior to the next available low cost charging window.
[0006] In a further non-limiting embodiment of either of
the foregoing methods, the method includes receiving a
charging window input from a human machine interface
system or a personal electronic device. The charging win-
dow input is used to establish the programmed charging
window.

[0007] In a further non-limiting embodiment of any of the
foregoing methods, the method includes charging the high
voltage battery pack and the low voltage battery together
during the programmed charging window if a current time
falls within the programmed charging window.

[0008] In a further non-limiting embodiment of any of the
foregoing methods, performing the charge management
includes entering a sleep mode if the high voltage battery
pack does not require charging during the next available low
cost charging window.

[0009] In a further non-limiting embodiment of any of the
foregoing methods, performing the charge management
includes waking-up the vehicle charging system twenty-four
hours subsequent to entering the sleep mode.
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[0010] In a further non-limiting embodiment of any of the
foregoing methods, performing the charge management
includes charging the low voltage battery after waking-up
the vehicle charging system from the sleep mode if a charge
level of the low voltage battery is below a predefined
threshold.

[0011] In a further non-limiting embodiment of any of the
foregoing methods, the method includes determining the
next available low cost charging window based at least on
electrical rate information that includes associated costs for
supplying energy from an electrical grid during each hour of
a given day.

[0012] In a further non-limiting embodiment of any of the
foregoing methods, the method includes retrieving the elec-
trical rate information from a web-based server.

[0013] In a further non-limiting embodiment of any of the
foregoing methods, performing the charge management
includes aligning the charge management to occur based off
of a programmed charging window associated with the high
voltage battery pack.

[0014] A vehicle charging system according to another
exemplary aspect of the present disclosure includes, among
other things, a high voltage battery pack, a low voltage
battery, and a control system configured to command a
system wake-up during a next available low cost charging
window subsequent to charging the high voltage battery
pack and command charge management of the low voltage
battery subsequent to the next available low cost charging
window if a charge level of the low voltage battery is below
a predefined threshold.

[0015] In a further non-limiting embodiment of the fore-
going vehicle charging system, a human machine interface
system is configured for programming a charging window
for charging the high voltage battery pack.

[0016] In a further non-limiting embodiment of either of
the foregoing vehicle charging systems, a communication
system is configured to retrieve electrical rate information
from a web-based server.

[0017] In a further non-limiting embodiment of any of the
foregoing vehicle charging systems, the control system is
configured to enter a sleep mode if the high voltage battery
pack does not require charging during the next available low
cost charging window.

[0018] In a further non-limiting embodiment of any of the
foregoing vehicle charging systems, the control system is
configured to command a second system wake-up subse-
quent to entering the sleep mode.

[0019] The embodiments, examples, and alternatives of
the preceding paragraphs, the claims, or the following
description and drawings, including any of their various
aspects or respective individual features, may be taken
independently or in any combination. Features described in
connection with one embodiment are applicable to all
embodiments, unless such features are incompatible.
[0020] The various features and advantages of this disclo-
sure will become apparent to those skilled in the art from the
following detailed description. The drawings that accom-
pany the detailed description can be briefly described as
follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 schematically illustrates a powertrain of an
electrified vehicle.
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[0022] FIG. 2 schematically illustrates a vehicle charging
system of an electrified vehicle.

[0023] FIG. 3 illustrates an exemplary user interface of a
human machine interface system of the vehicle charging
system of FIG. 2.

[0024] FIG. 4 schematically illustrates an exemplary
method for controlling charging of a low voltage battery of
an electrified vehicle.

DETAILED DESCRIPTION

[0025] This disclosure describes vehicle systems and
methods for controlling charging of an auxiliary (i.e., low
voltage) battery of an electrified vehicle. An exemplary
charging method aligns charge management of an auxiliary
battery to occur only during low cost charging windows. The
proposed systems and methods therefore achieve a more
cost-effective methodology for maintaining the state of
health of the auxiliary battery. These and other features are
discussed in greater detail in the following paragraphs of this
detailed description.

[0026] FIG. 1 schematically illustrates a powertrain 10 for
an electrified vehicle 12. In an embodiment, the electrified
vehicle 12 is a plug-in hybrid electric vehicle (PHEV). In
another embodiment, the electrified vehicle is a battery
electric vehicle (BEV).

[0027] In an embodiment, the powertrain 10 is a power-
split powertrain system that employs a first drive system and
a second drive system. The first drive system may include a
combination of an engine 14 and a generator 18 (i.e., a first
electric machine). The second drive system includes at least
a motor 22 (i.e., a second electric machine) and a battery
pack 24. In this example, the second drive system is con-
sidered an electric drive system of the powertrain 10. The
first and second drive systems generate torque to drive one
or more sets of vehicle drive wheels 28 of the electrified
vehicle 12. Although a power-split configuration is depicted
in FIG. 1, this disclosure extends to any hybrid or electric
vehicle including full hybrids, parallel hybrids, series
hybrids, mild hybrids, micro hybrids, etc.

[0028] The engine 14, which in an embodiment is an
internal combustion engine, and the generator 18 may be
connected through a power transfer unit 30, such as a
planetary gear set. Of course, other types of power transfer
units, including other gear sets and transmissions, may be
used to connect the engine 14 to the generator 18. In one
non-limiting embodiment, the power transfer unit 30 is a
planetary gear set that includes a ring gear 32, a sun gear 34,
and a carrier assembly 36.

[0029] The generator 18 can be driven by the engine 14
through the power transfer unit 30 to convert kinetic energy
to electrical energy. The generator 18 can alternatively
function as a motor to convert electrical energy into kinetic
energy, thereby outputting torque to a shaft 38 connected to
the power transfer unit 30. Because the generator 18 is
operatively connected to the engine 14, the speed of the
engine 14 can be controlled by the generator 18.

[0030] The ring gear 32 of the power transfer unit 30 may
be connected to a shaft 40, which is connected to vehicle
drive wheels 28 through a second power transfer unit 44.
The second power transfer unit 44 may include a gear set
having a plurality of gears 46. Other power transfer units
may also be suitable. The gears 46 transfer torque from the
engine 14 to a differential 48 to ultimately provide traction
to the vehicle drive wheels 28. The differential 48 may
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include a plurality of gears that enable the transfer of torque
to the vehicle drive wheels 28. In one embodiment, the
second power transfer unit 44 is mechanically coupled to an
axle 50 through the differential 48 to distribute torque to the
vehicle drive wheels 28. In one embodiment, the power
transfer units 30, 44 are part of a transaxle 20 of the
electrified vehicle 12.

[0031] The motor 22 can also be employed to drive the
vehicle drive wheels 28 by outputting torque to a shaft 55
that is also connected to the second power transfer unit 44.
In one embodiment, the motor 22 is part of a regenerative
braking system. For example, the motor 22 can each output
electrical power to the battery pack 24.

[0032] The battery pack 24 is an exemplary electrified
vehicle battery. The battery pack 24 may be a high voltage
traction battery pack that includes a plurality of battery
assemblies 25 (i.e., battery arrays or groupings of battery
cells) capable of outputting electrical power to operate the
motor 22, the generator 18, and/or other electrical loads of
the electrified vehicle 12. Other types of energy storage
devices and/or output devices can also be used to electrically
power the electrified vehicle 12.

[0033] The electrified vehicle 12 may additionally include
a low voltage battery 54, which may also be referred to as
an auxiliary battery. The low voltage battery 54 may be
provided for powering various low voltage loads 57 of the
electrified vehicle 12. Non-limiting examples of low voltage
loads include infotainment systems, lighting systems, power
windows, power seats, cooling fan, A/C compressor, instru-
ment clusters, control modules, etc. A power converter, such
as DC/DC converter 58, may be provided to convert a high
voltage DC output from the battery pack 24 to a low voltage
DC supply that is compatible with the low voltage battery
54.

[0034] In an embodiment, the low voltage battery 54 is a
12V battery. However, in this disclosure, the term “low
voltage battery” could include any battery that is less than
60V. The low voltage battery 54 and the low voltage loads
57 are generally part of a low-voltage system of the elec-
trified vehicle 12, whereas the high voltage battery pack 24
is generally part of a relatively high voltage system of the
electrified vehicle 12. Thus, the high voltage battery pack 24
can be used to power propulsion of the electrified vehicle 12,
whereas the low voltage battery 54 does not generally power
propulsion of the vehicle.

[0035] The electrified vehicle 12 may also be equipped
with a charging system 16 for charging the energy storage
devices (e.g., battery cells) of the battery pack 24 and the
low voltage battery 54. The charging system 16 may be
connected to an external power source 26 (e.g., utility/grid
power from an electrical grid) for receiving and distributing
power throughout the electrified vehicle 12.

[0036] Inanembodiment, the charging system 16 includes
a vehicle inlet assembly 35 located on-board the electrified
vehicle 12, and an electric vehicle supply equipment
(EVSE) assembly 52 (or charge cord of a charging station)
that can be operably connected between the vehicle inlet
assembly 35 and the external power source 26. The vehicle
inlet assembly 35 may include one or more ports adapted to
receive a coupler of the EVSE assembly 52. The vehicle
inlet assembly 35 is therefore configured to receive power
from the external power source 26 and then supply the
power to the battery pack 24 and/or the low voltage battery
54.
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[0037] The charging system 16 may be equipped with
power electronics for converting AC power received from
the external power source 26 to DC power for charging the
energy storage devices of the battery pack 24. The charging
system 16 is also configured to accommodate one or more
conventional voltage sources from the external power source
26 (e.g., 110 volt, 220 volt, etc.).

[0038] The powertrain 10 shown in FIG. 1 is highly
schematic and is not intended to limit this disclosure.
Various additional components could alternatively or addi-
tionally be employed by the powertrain 10 within the scope
of this disclosure. In addition, the teachings of this disclo-
sure could be applied to any electrified vehicle that has
programmable charging windows and both high and low
voltage batteries/power sources.

[0039] FIG. 2 is a highly schematic depiction of a vehicle
charging system 56 that may be employed within an elec-
trified vehicle, such as the electrified vehicle 12 of FIG. 1.
The various components of the vehicle charging system 56
are shown schematically to better illustrate the features of
this disclosure.

[0040] The exemplary vehicle charging system 56 may
control charging (e.g., by controlling the charging system
16) of both the high voltage battery pack 24 and the low
voltage battery 54. The low voltage battery 54 may power
low-voltage loads even when the electrified vehicle 12 is
keyed off and not operating, such as when the vehicle is
stored, parked, or transported, for example. A charge level,
or state of charge (SOC), of the low voltage battery 54 can
be reduced due to powering the low-voltage loads 57. If the
electrified vehicle 12 is idle for an extended period of time,
the charge level of the low voltage battery 54 can be depleted
to a point at which it is unable to power the low-voltage
loads. This could prevent, among other things, starting the
electrified vehicle 12 after the extended period. Because of
this, the state of health of the low voltage battery 54 may be
periodically monitored in order to maintain the charge level
of the low voltage battery 54 above a predefined threshold.
This periodic monitoring of the low voltage battery 54 may
be referred to as charge management or charge maintenance
of the low voltage battery 54.

[0041] In an embodiment, the vehicle charging system 56
is adapted to control the charge management of the low
voltage battery 54 so that it occurs only during low cost
charging windows. For example, in an embodiment, the
vehicle charging system 56 aligns the charge management of
the low voltage battery 54 to occur during an upcoming low
cost charging window. Low cost charging windows as
described herein represent periods of time during a given
day at which the electrical rate for supplying power from the
external power source is lower than the electrical rate for
supplying power at other periods of time of the day. For
example, the electrical rate may be $0.40 per kWhr from the
hours of 8 a.m. to 10 p.m. but may drop to only $0.10 per
kWhr from the hours of 10 p.m. to 8 a.m. In this example,
the time period from 10 p.m. to 8 a.m. is considered to be a
low cost charging window.

[0042] In addition to the high voltage battery pack 24, the
low voltage battery 54, and the charging system 16, the
exemplary vehicle charging system 56 may include a human
machine interface (HMI) system 60, a communication sys-
tem 62, and a control system 64. These systems are further
detailed below.
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[0043] The HMI system 60 may be located within a
passenger cabin of the electrified vehicle 12 and may include
one or more user interfaces. A user may interact with each
user interface via a touch screen, tactile buttons, audible
speech, speech synthesis, etc. The user can either enter
information into the user interface or the user interface can
display information to the user. In an embodiment, the user
can program specific charging windows for charging the
high voltage battery 24 and the low voltage battery 54 by
using the HMI system 60.

[0044] The communication system 62 may be configured
to communicate over a cloud 66 (i.e., the internal to obtain
various information stored on one or more servers 68. Each
server 68 can identify, collect, and store data associated with
the electrified vehicle 12 for validation purposes. Upon an
authorized request, data may be subsequently transmitted to
the communication system 62, via a cellular tower 70 or
some other known communication technique (e.g., Wi-Fi,
Bluetooth, etc.). The communication system 62 may include
a transceiver 72 for achieving bidirectional communication
with the cellular tower 70. For example, the transceiver 72
can receive data from the servers 68 or can communicate
data back to the servers 68 via the cellular tower 70.
Although not necessarily shown or described in this highly
schematic embodiment, numerous other components may
enable bidirectional communication between the electrified
vehicle 12 and the web-based servers.

[0045] In an embodiment, the communication system 62
communicates with one or more of the servers 68 to obtain
the current electrical rates associated with each time of the
day for supplying energy from the electrical grid. The data
received by the communication system 62 from the servers
68 may be communicated to the control system 64 where it
can be used in combination with various other data to
determine when to charge the high voltage battery 24 and
when to perform charge management of the low voltage
battery 54.

[0046] The communication system 62 may also be con-
figured to communicate with a personal electronic device 74
of the user, which is a device that is separate from the
electrified vehicle 12. In an embodiment, the personal elec-
tronic device 74 is a cell phone. The communication system
62 can wirelessly communicate with the personal electronic
device 74 via the transceiver 72. In an embodiment, the user
can program specific charging windows for charging the
high voltage battery 24 and the low voltage battery 54 by
entering commands into the personal electronic device 74.
[0047] The control system 64 of the vehicle charging
system 56 may control charging of the high voltage battery
pack 24 and the low voltage battery 54 by controlling
operation of the charging system 16. For example, the
control system 64 may instruct the charging system 16 about
when to begin charging, when to end charging, the length of
charging, the power levels of the charging, etc.

[0048] The control system 64 may be part of an overall
vehicle control system or could be a separate control system
that communicates with the vehicle control system. The
control system 64 may include one or more control modules
76 equipped with executable instructions for interfacing
with and commanding operation of various components of
the vehicle charging system 56. For example, in an embodi-
ment, each of the battery pack 24, the charging system 16,
the HMI system 60, and the communication system 62
include a control module, and these control modules can
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communicate with one another over a controller area net-
work to control charging of the high voltage battery pack 24
and the charge management of the low voltage battery 54. In
another embodiment, each control module 76 of the control
system 64 includes a processing unit 78 and non-transitory
memory 80 for executing the various control strategies and
modes of the vehicle charging system 56.

[0049] The control module 76 of the control system 64
may receive and process various inputs for creating a
charging schedule for charging the high voltage battery pack
24 and for performing charge management of the low
voltage battery 54. A first input to the control module 76 may
include battery information 82 from the high voltage battery
pack 24. The battery information 82 may be communicated
from a battery electric control module associated with the
high voltage battery pack 24 and may include information
such as the current battery state of charge, battery tempera-
ture, battery age, etc.

[0050] A second input to the control module 76 may
include battery information 84 from the low voltage battery
54. The battery information 84 may include information
such as current battery state of charge, battery temperature,
battery voltage, battery health, age, etc.

[0051] A third input to the control module 76 may include
charging window information 86 received from the HMI
system 60. The charging window information 86 may
include the specific charging windows specified by the user
on the HMI system 60 for charging the high voltage battery
pack 24 and the low voltage battery 54.

[0052] A fourth input to the control module 76 may
include charging window information 88 received from the
communication system 62. The charging window informa-
tion 88 may include the specific charging windows specified
by the user on the personal electronic device 74 for charging
the low voltage battery 54.

[0053] A fifth input to the control module 76 may include
electrical rate information 90. The electrical rate information
90 may be received from the communication system 62 after
being retrieved from one of the servers 68 over the cloud 66.
The electrical rate information 90 may include the associ-
ated cost for supplying energy from the electrical grid during
each hour of a given day.

[0054] In addition to scheduling charging of the high
voltage battery pack 24, the control module 76 may also be
programmed to execute one or more algorithms for control-
ling charging of the low voltage battery 54 in a manner that
aligns the charge management of the low voltage battery 54
with the charging windows that have been programmed into
the control system 64. For example, the inputs 82-90 can be
used to create a buffer wake-up that aligns the charge
management of the low voltage battery 54 with a next
available low cost charging window. In this way, the charge
management of the low voltage battery 54 will always occur
during lower cost charging window periods rather than
during higher cost charging window periods.

[0055] As iterated above, the user may specifically pro-
gram the charging windows during which the electrified
vehicle 12 will be charged by entering information onto a
user interface of the HMI system 60. For example, as shown
in FIG. 3, an exemplary user interface 92 of the HMI system
60 may include tactile buttons 94 that permit the user to, for
example, specify a charge start time and a charge complete
time for specifically establishing an acceptable charge win-
dow for enabling charging. Other charge settings could also
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be selected using the user interface 92, including but not
limited to, specifying different charging windows for differ-
ent days (e.g., weekend versus weekday charging), specify-
ing a price threshold above which charging should not be
enabled, permitting utility interruption during charging, etc.
[0056] FIG. 4, with continued reference to FIGS. 1-3,
schematically illustrates an exemplary method 100 for con-
trolling charging of the low voltage battery 54 of the
electrified vehicle 12 in a manner that aligns the charge
management of the low voltage battery 54 with the charging
windows that are currently programmed into the vehicle
charging system 56. In an embodiment, the control module
76 of the control system 64 of the vehicle charging system
56 is programmed with one or more algorithms adapted to
execute the exemplary method 100.

[0057] The method 100 begins at block 102. At block 104,
the control module 76 determines whether the electrified
vehicle 12 is on-plug (i.e., the charging system 16 has been
connected to an external power source). For example, the
control module 76 may periodically analyze signals received
from the charging system 16 to determine whether it has
been connected to the external power source 26. If a YES
flag is returned at block 104, the method 100 proceeds to
block 106.

[0058] At block 106, the control module 76 may deter-
mine whether or not the HV battery pack 24 requires
charging. For example, the control module 76 may analyze
the battery information 82 from the high voltage battery
pack 24 to determine whether the HV battery pack 24 needs
to be charged. This may include determining whether the
SOC of the high voltage battery pack 24 is below a pre-
defined threshold. If a NO flag is returned, the method 100
may proceed to block 112 (discussed below). Alternatively,
if a YES flag is returned, the method 100 may proceed to
block 108.

[0059] The control module 76 may determine whether a
current time falls within a pre-programmed charging win-
dow at block 108. For example, the control module 76 may
analyze the charging window information 86 received from
the HMI system 60 and/or the charging window information
88 received from the communication system 62 to determine
whether or not the current time is within the programmed
charging window.

[0060] The method 100 may next proceed to block 110 by
charging both the HV battery pack 24 and the low voltage
battery 54 if the current time is found to be within the
programmed charging window at the previous block 108.
The control module 76 may control the charging system 16
for delivering power to both the HV battery pack and the low
voltage battery 54 during block 110. In an embodiment, the
HV battery pack and the low voltage battery 54 are simul-
taneously charged at clock 110.

[0061] The low voltage battery 54 may be depleted to such
a low level prior to charging that it does not receive a
sufficient amount of charge during block 110 for maintaining
its functionality. Therefore, the control module 76 may be
programmed to automatically wake-up during a next avail-
able low cost charging window in order to access the health
of the low voltage battery 54. This “buffer wake-up” is
shown schematically at block 112. The determination of
when the next available low cost charging window occurs
may include retrieving and analyzing electrical rate infor-
mation 90 over the cloud 66, for example.
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[0062] Subsequent to the buffer wake-up, at block 114, the
control module 76 may immediately determine whether or
not the HV battery pack 24 requires any additional charging.
If NO, the method 100 proceeds to block 116 at which time
the vehicle charging system 56 may enter a sleep mode. The
vehicle charging system 56 is awakened at block 118. In an
embodiment, the vehicle charging system 56 is commanded
to wake-up approximately 24 hours after entering the sleep
mode. Waking-up the system 24 hours subsequent to enter-
ing the sleep mode will guarantee that the wake-up occurs
during a low cost charging window, thereby providing a
more cost-effective charge management of the low voltage
battery 54.
[0063] After waking-up, the control module 76 may deter-
mine whether the charge level of the low voltage battery 54
is below a threshold value at block 120. If YES, the low
voltage battery 54 is further charged at block 122 in order to
ensure that the low voltage battery 54 has a sufficient charge
for performing its various functions.
[0064] The vehicle systems and methods of this disclosure
improve charging by aligning high voltage battery pack bulk
charge programming with the charge management of low
voltage batteries. This is achieved by scheduling a buffer
wake-up to occur during a next available low cost charging
window that occurs subsequent to completing HV battery
pack bulk charging. Accordingly, once the system wakes-up
after a commanded sleep mode, if the low voltage battery
needs further support, the system will already be in the low
cost charge window for cost-effectively performing charge
management of the low voltage battery.
[0065] Although the different non-limiting embodiments
are illustrated as having specific components or steps, the
embodiments of this disclosure are not limited to those
particular combinations. It is possible to use some of the
components or features from any of the non-limiting
embodiments in combination with features or components
from any of the other non-limiting embodiments.
[0066] It should be understood that like reference numer-
als identify corresponding or similar elements throughout
the several drawings. It should be understood that although
a particular component arrangement is disclosed and illus-
trated in these exemplary embodiments, other arrangements
could also benefit from the teachings of this disclosure.
[0067] The foregoing description shall be interpreted as
illustrative and not in any limiting sense. A worker of
ordinary skill in the art would understand that certain
modifications could come within the scope of this disclo-
sure. For these reasons, the following claims should be
studied to determine the true scope and content of this
disclosure.
What is claimed is:
1. A method, comprising:
performing charge management of a low voltage battery
of an electrified vehicle, via a vehicle charging system
onboard the electrified vehicle, including waking-up
the vehicle charging system during a next available low
cost charging window subsequent to charging a high
voltage battery pack of the electrified vehicle.
2. The method as recited in claim 1, wherein performing
the charge management includes:
charging the high voltage battery pack and the low voltage
battery together during a programmed charging win-
dow that occurs prior to the next available low cost
charging window.
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3. The method as recited in claim 2, comprising:
receiving a charging window input from a human
machine interface system or a personal electronic
device, wherein the charging window input is used to
establish the programmed charging window.
4. The method as recited in claim 2, comprising:
charging the high voltage battery pack and the low voltage
battery together during the programmed charging win-
dow if a current time falls within the programmed
charging window.
5. The method as recited in claim 2, wherein performing
the charge management includes:
entering a sleep mode if the high voltage battery pack
does not require charging during the next available low
cost charging window.
6. The method as recited in claim 5, wherein performing
the charge management includes:
waking-up the vehicle charging system twenty-four hours
subsequent to entering the sleep mode.
7. The method as recited in claim 6, wherein performing
the charge management includes:
charging the low voltage battery after waking-up the
vehicle charging system from the sleep mode if a
charge level of the low voltage battery is below a
predefined threshold.
8. The method as recited in claim 1, comprising:
determining the next available low cost charging window
based at least on electrical rate information that
includes associated costs for supplying energy from an
electrical grid during each hour of a given day.

9. The method as recited in claim 8, comprising:

retrieving the electrical rate information from a web-
based server.

10. The method as recited in claim 1, wherein performing

the charge management includes:

aligning the charge management to occur based off of a
programmed charging window associated with the high
voltage battery pack.

11. A vehicle charging system, comprising:

a high voltage battery pack;

a low voltage battery; and

a control system configured to command a system wake-
up during a next available low cost charging window
subsequent to charging the high voltage battery pack
and command charge management of the low voltage
battery subsequent to the next available low cost charg-
ing window if a charge level of the low voltage battery
is below a predefined threshold.

12. The vehicle charging system as recited in claim 11,
comprising a human machine interface system configured
for programming a charging window for charging the high
voltage battery pack.

13. The vehicle charging system as recited in claim 11,
comprising a communication system configured to retrieve
electrical rate information from a web-based server.

14. The vehicle charging system as recited in claim 11,
wherein the control system is configured to enter a sleep
mode if the high voltage battery pack does not require
charging during the next available low cost charging win-
dow.



US 2019/0329656 Al Oct. 31, 2019

15. The vehicle charging system as recited in claim 14,
wherein the control system is configured to command a
second system wake-up subsequent to entering the sleep
mode.



