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ASSICNMENT

WHEREAS, |, Kyle JACOBSEN of Troutdale, Cregon, have invented cerlain
improvements in an invention titled NON-TRACTION BATTERY CONTROLLER AND
APPLICATIONS THEREOF, for which | will be filing a U.S. Utility Patent Application on
or about the date hereinafter set forth; and

WHEREAS, Powin Corporation, an Oregon corporation, having its principal place
of business in Tualitin, Oregon, is desirous of acquiring an interest therein;

NOW, THEREFORE, for good and valuable consideration, the receipt and
sufficiency of which hereby are acknowledged, |, Kyle JACOBSEN, have sold,
assigned, and transferred, and do hereby sell, assign, and transfer, to Powin
Corporation, its successors and assigns, the full and exclusive right to the inventions in
the United States and its territorial possessions and in all foreign countries, and the
entire right, title, and interest in and to any and all Letters Patent that may be granted
therefor in the United States and its territorial possessions and in any and all foreign
countries, and in and to any and all divisions, continuations, reissues, substitutions, and
extensions thereof.

| hereby authorize and request the Patent Office officials in the United States and
any and all foreign countries to issue any and all of said Letters Patent, when granted,
to Powin Corporation, as the assignee of our entire right, title, and interest in and to the
same, for the sole use of Powin Corporation, and is successors and assigns.

Further, | hereby covenant and agree to and with Powin Corporation, and its
successors and assigns, at the time of execution and delivery of these presents, that |
am the sole and lawful owner of the entire right, title, and interest in and to the invention
and the above-identified patent application, and that the same are unencumbered, and
that | have good and full right and lfawful authority fo sell and convey the same in the

manner herein set forth.
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Further, | agree that | will communicate to Powin Corporation, or is
representatives, any facts known to us respecting the inventions, and testify in any legal
proceedings, sign all lawful papers, execute all divisional, continuation, reissue,
substitution, and extension applications, execute all necessary assignment papers to
cause any and all of said Letters Patent to be issued to Powin Corporation, make all
rightful caths, and generally do everything possible o aid Powin Corporation, and its
successors and assigns, to obtain and enforce proper protection for the inventions in

the United States and in any and all foreign countries.

IN TESTIMONY WHEREQCF, | have hereunto set my h

i {

I P IR
day of U {m el , 2013,

Withess:

Signature:

Name:

Address:

C]ty and State {ee ;__fc:? :}f_‘_t‘ . _{_"‘,/ﬁ Z ,}‘{ [ __,.]
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NON-TRACTION BATTERY CONTROLLER,
AND APPLICATIONS THEREOF

FIELD OF THE INVENTION

[0001] The present invention generally relates to battery controllers. More

particularly, it relates to non-traction battery controllers, and applications thereof.

BACKGROUND

[0002] It is known that vehicle fuel efficiency is a major concern. Many people,
businesses and government organizations are concerned with the rising cost of fossil
fuels, the rising levels of air pollution and the threat of global warming. What are
needed are batteries and battery controllers that can operate more efficiently than
conventional batteries and battery controllers, and thereby improve vehicle fuel

efficiency.

BRIEF SUMMARY

[0003] The present disclosure provides a non-traction battery controller, and
applications thereof. In an embodiment, the non-traction battery controller includes a
main processor, a battery management module, a vehicle communication module, and
a charge control module. During operation, when the vehicle communication module
signals the processor that an engine of a vehicle is operating and the battery
management module signals the processor that a connected battery has a value less
than a first control value, a computer program code stored in a memory coupled to the
main processor causes the main processor to signal the charge control module to
charge the connected battery. When the vehicle communication module signals the
processor that the engine of the vehicle is operating and the battery management
module signals the processor that the connected battery has a value between the first
control value and a second control value, the computer program code causes the
processor to signal the charge control module to selectively charge the connected
battery.

[0004] In an embodiment, during periods when the battery is selectively charged, the

computer program code causes the connected battery to be preferably charged, for
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example, when the vehicle is braking or slowing down, and to not be charged when
the vehicle is idling or accelerating, which thereby increases the fuel efficiency of the
vehicle.

[0005] Further embodiments, features, and advantages of the invention, as well as the
structure and operation of various embodiments of the invention, are described in

detail below with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0006] The accompanying drawings/figures, which are incorporated herein and form
a part of the specification, illustrate the present invention and, together with the
description, further serve to explain the principles of the invention and to enable a
person skilled in the pertinent art to make and use the invention. Additionally, the left-
most digit or digits of a reference number identify the drawing in which the reference
number first appears.

[0007] FIG 1 is a diagram that illustrates various vehicles in which a non-traction
battery pack and non-traction battery controller according to the present invention can
be used.

[0008] FIG 2 is a perspective view that illustrates an embodiment of a non-traction
battery pack according to the present invention.

[0009] FIG 3 is a diagram that illustrates an embodiment of a non-traction battery
pack according to the present invention.

[0010] FIG 4 is a diagram that illustrates an embodiment of a non-traction battery
pack according to the present invention.

[0011] FIG 5 is a diagram that illustrates an embodiment of a non-traction battery
controller according to the present invention.

[0012] FIG 6 is a diagram that illustrates an embodiment of a vehicle communication
module according to the present invention.

[0013] FIG 7 is a diagram of a flowchart that illustrates computer program code for
receiving vehicle messages according to an embodiment of the present invention.

[0014] FIG 8 is a diagram of a flowchart that illustrates computer program code for
generating hardware interrupts according to an embodiment of the present invention.

[0015] FIG 9 is a diagram that illustrates an embodiment of a charge control module

according to the present invention.
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[0016] FIG 10 is a diagram that illustrates an embodiment of a battery management
system (BMS) module according to the present invention.

[0017] FIG 11 is a diagram that illustrates an embodiment of a data logging module
according to the present invention.

[0018] FIG 12 is a diagram that illustrates how computer program code of a non-
traction battery controller responds to various control values according to an
embodiment of the present invention.

[0019] FIG 13 is a diagram of a flowchart that illustrates computer program code for
scheduling program threads according to an embodiment of the present invention.

[0020] FIG 14 is a diagram of a flowchart that illustrates computer program code for
determining a system state according to an embodiment of the present invention.

[0021] FIG 15 is a diagram of a flowchart that illustrates computer program code for
determining a vehicle’s state according to an embodiment of the present invention.

[0022] FIG 16 is a diagram of a flowchart that illustrates computer program code for
determining a battery state according to an embodiment of the present invention.

[0023] FIG 17 is a diagram of a flowchart that illustrates computer program code for
determining a charger state according to an embodiment of the present invention.

[0024] FIGS. 18A-C are diagrams that illustrates how a non-traction battery pack
according to an embodiment of the present invention can be installed in a bus.

[0025] FIG 19 is a block diagram of a data processing system in which illustrative

embodiments may be implemented.

DETAILED DESCRIPTION

[0026] The present invention provides a non-traction battery controller, and
applications thereof. In the detailed description of the invention herein, references to
"one embodiment”, "an embodiment", "an example embodiment", etc., indicate that
the embodiment described may include a particular feature, structure, or
characteristic, but every embodiment may not necessarily include the particular
feature, structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular feature, structure, or
characteristic is described in connection with an embodiment, it is submitted that it is

within the knowledge of one skilled in the art to effect such feature, structure, or
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characteristic in connection with other embodiments whether or not explicitly
described.

[0027] In an embodiment, the non-traction battery controller includes a main
processor, a battery management module, a vehicle communication module, and a
charge control module. During operation, when the vehicle communication module
signals the processor that an engine of a vehicle is operating and the battery
management module signals the processor that a connected battery has a value less
than a first control value, a computer program code stored in a memory coupled to the
main processor causes the main processor to signal the charge control module to
charge the connected battery. When the vehicle communication module signals the
processor that the engine of the vehicle is operating and the battery management
module signals the processor that the connected battery has a value between the first
control value and a second control value, the computer program code causes the
processor to signal the charge control module to selectively charge the connected
battery.

[0028] In an embodiment, during periods when the battery is selectively charged, the
computer program code causes the connected battery to be preferably charged, for
example, when the vehicle is braking or slowing down, and to not be charged when
the vehicle is idling or accelerating, which thereby increases the fuel efficiency of the
vehicle.

[0029] FIG 1 is a diagram that illustrates various vehicles in which a non-traction
battery pack 100 according to the present invention can be used. These vehicles
include, but are not limited to, a bus 102, an armored vehicle 104, a police car 106, a
delivery truck 108, a refrigerated delivery truck 110, and a garbage truck 112. What is
common about these vehicles is that they spend significant amounts of time idling
and/or they start and stop frequently compared to other types of vehicles.

[0030] FIG 2 is a diagram that further illustrates non-traction battery pack 100. Non-
traction battery pack has a size and shape that allows it to be installed in a vehicle
such as, for example, bus 102. Different vehicles may require different size battery
packs to power the vehicle’s non-traction loads and different shaped battery packs for
ease of installation.

[0031] As shown in FIG 2, non-traction battery pack 100 includes a battery pack
housing 200, a battery pack cover 202, a battery equalizer housing 204 (e.g., if an
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equalizer is included in the battery pack as explained in more detail below), and a
battery equalizer cover 206. Extending through battery equalizer cover 206 are three
battery terminals 208, 210, and 212. In an embodiment, battery terminal 208 is the
battery pack ground. Battery terminal 210 provides 12 volt battery power. Battery
terminal 212 provides 24 volt battery power.

[0032] FIG 3 is a diagram that further illustrates non-traction battery pack 100. As
shown in the figure, non-traction battery pack 100 includes a battery 300 having a
number of battery cells 301a-n, a non-traction battery controller 302, a contactor 314,
a current sensor 316, a fuse 318 and a battery equalizer 322. Non-traction battery
controller 302 includes a battery management system (BMS) module 304, a data
logging module 306, a main processor 308, a vehicle communication module 310, and
a charge control module 312.

[0033] In operation, non-traction battery controller 302 monitors the state of battery
300 and controls when a charger 320 provides current to charge battery 300 as
described in more detail below with reference, for example, to FIGS. 12-17. In
embodiments of the present invention in which battery 300 is a lithium ion battery,
BMS module 304 monitors the voltage of battery cells 301a-n of battery 300 and
provides these cell voltages to main processor 308. The sum of these voltages is the
voltage of battery 300. BMS module 304 also monitors the temperature of battery 300
and provides this information to main processor 308. The voltage and temperature
values are used to ensure that battery cells 301a-n are neither over-charged nor over-
discharged. When computer program code running on main processor 308 determines,
for example, that a battery cell 301 of battery 300 is less than an under-voltage
protection value or greater than an over-voltage protection value, main processor 308
causes contactor 314 to open to protect battery 300. A fuse 318 in series with
contactor 314 is used for over-current protection.

[0034] The state of charge of battery 300 is determined using current sensor 316.
Current sensor 316 monitors the current flow into and the current flow out of battery
300 and provides this information to main processor 308. In embodiments, current
sensor 316 is a Hall-effect type current sensor. Other types of current sensors are used
in other embodiments.

[0035] Vehicle communication module 310 receives messages from a vehicle’s

communication bus, decodes the received messages, and provides the decoded
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information to main processor 308. In an embodiment, the messages received and
decoded include messages about whether the vehicle’s ignition is on, whether the
vehicle is moving, the vehicle’s engine speed (e.g., in revolutions per minute), the
position of the vehicle’s accelerator pedal, the vehicle’s rate of fuel consumption, etc.
In an embodiment, the messages received are CANBus messages that conform to the
Society of Automotive Engineers SAE J1939 standards.

[0036] Charge control module 312 receives battery charge signals from main
processor 308 and controls charger 320 accordingly to charge battery 300. In an
embodiment, charger 320 is an engine-driven vehicle alternator and charge control
module 312 generates a pulse width modulation signal that controls a field current of
the engine-driven alternator. More details about how this works is described below
with reference, for example, to FIGS. 12-17.

[0037] In embodiments of the present invention, non-traction battery pack 100 is
required to provide more than one output voltage in order to power the various loads
of the vehicle in which non-traction battery pack 100 is installed. This is done using
battery equalizer 322.

[0038] In the example illustrated in FIG 3, two voltages (i.e., voltages V1 and V2) are
available from non-traction battery pack 100. Voltage V1 (e.g., 24 volts) is preferably
used to power most of the vehicle’s DC loads. Voltage V1 is the output voltage of
non-traction battery 300. Voltage V2 (e.g., 12 volts) is used to power a subset of the
DC loads of the vehicle. Battery equalizer 322 gets its input power from all of the
battery cells 301a-n of non-traction battery 300 and provides voltage V2 in a manner
that draws power equally from all of the battery cells 301a-n of non-traction battery
300.

[0039] In some embodiments of the present invention, the vehicle in which non-
traction battery 300 is installed may already have its own on-board battery equalizer.
In these embodiments, either the vehicle’s on-board battery equalizer should be
disabled/removed or battery equalizer 322 should be disabled/removed.

[0040] Data logging module 306 is used to log various information relating to the
operation and health of non-traction battery pack 100. This logged information can be
retrieved and reviewed, for example, to determine how non-traction battery pack 100
is performing and/or how much the fuel efficiency of the vehicle in which non-

traction battery pack 100 is installed has increased due to the use of non-traction
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battery pack 100. In embodiments, data logging module 306 logs information about
the voltages and temperatures of battery cells 301a-n, the state of charge of non-
traction battery 300, the ground speed of the vehicle in which non-traction battery 300
is installed, and the rate at which fuel is being consumed by the vehicle. Additional
information that may be logged is described below with reference, for example, to
FIGS. 12-17.

[0041] FIG 4 is a diagram that illustrates a non-traction battery pack 400. Non-
traction battery pack 400 is similar to non-traction battery pack 100, but it does not
include a battery equalizer such as, for example, battery equalizer 322. Non-traction
battery pack 400 is intended, for example, to be used in vehicles whose DC loads only
require one DC voltage or in vehicles that have an on-board battery equalizer.

[0042] FIG 5 is a diagram that further illustrates non-traction battery controller 302
according to an embodiment of the present invention. As shown in FIG 5, non-
traction battery controller 302 includes a power module 500, a fan control module
502, and a contactor control module 504. These modules are in addition to the BMS
module 304, data logging module 306, main processor 308 having a memory 309, and
charge control module 312 described above with reference to FIG 3.

[0043] As shown in FIG 5, main processor 308 includes a memory 501 that stores
computer program code. This computer program code when executing on main
processor 308 controls the operation of non-traction battery pack 100. This operation
1s described below with reference to FIGS. 12-17.

[0044] Power module 500 provides regulated power to each of the modules of non-
traction battery controller 302 that require power. In an embodiment, the power source
for power module 500 is non-traction battery 300.

[0045] Fan control module 502 turns-on and turns-off one or more cooling fans. In an
embodiment, fans controlled by fan control module 502 are used to provide forced air
cooling of battery equalizer 322. One or more fans may also be used to cool battery
box 200.

[0046] Contactor control module 504 opens and closes contactor 314 according to
inputs generated by computer program code executing on main processor 308. In
operation, contactor 314 is normally closed. When computer program code executing
on main processor 308 determines that contactor 314 should be opened to prevent

either the over-charging or over-discharging of non-traction battery 300, main
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processor 308 signals to contactor control module 504 that contactor 314 should be
opened. Contactor control module 504 than applies a signal to contactor 314 to open
contactor 314.

[0047] FIG 6 is a diagram that further illustrates vehicle communication module 310
according to an embodiment of the present invention. As show in FIG 6, vehicle
communication module 310 includes a processor 600 having a memory 602, a
CANBus communication module 604 having a buffer 605, and an embedded
communication module 606.

[0048] In operation, vehicle communication module 310 communicates with various
components of the vehicle in which non-traction battery pack 100 is installed. In
embodiments, this communication takes place using computer program code
executing on processor 600 and CANBus communication module 604 as described in
more detail below.

[0049] Embedded communication module 606 is responsible for enabling vehicle
communication module 310 to communicate with main processor 308. In
embodiments, embedded communication module 606 implements serial peripheral
interface (SPI) communications between vehicle communication module 310 and
main processor 308.

[0050] FIG 7 is a diagram of a flowchart 700 that illustrates the operation of
computer program code used to receive messages from various components of the
vehicle in which non-traction battery pack 100 is installed. The steps of flowchart 700
are particularly useful in embodiments of the present invention in which vehicle
communication module 310 is required to receive a large number of different
messages in a short period of time. As shown in FIG 7, flowchart 700 includes five
steps.

[0051] In step 702, a message mask is applied to a hardware receiver such as
CANBus communication module 604. This message mask allows a particular
message (e.g., an accelerator pedal position message) to be received into the
hardware, or buffer 605, of CANBus communication module 604. The message mask
that is applied is selected by computer program code executing on processor 600.

[0052] In embodiments, when a message is received into the hardware receiver/buffer
605, the message is transferred from the hardware receiver/buffer 605 to a software

buffer. One reason for transferring the message is that it frees up the hardware
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receiver/buffer 605 to receiver another message while waiting for the just received
message to be processed by processor 600.

[0053] In step 704, a check is made to determine whether there is a message in the
software buffer. In embodiments, the software buffer is a part of memory 602. If a
message is present, the message is serviced in step 708. If no message is in the
software buffer when the check is made, step 706 is performed.

[0054] In step 706, a wait period is implemented in order to allow a message to be
received by the hardware receiver and transferred to the software buffer.

[0055] In step 708, a message residing in the software buffer is serviced. The message
is serviced, for example, by reading a data value contained in the message and writing
the data value to a particular memory location of processor 600 reserved for the data
value. Examples of data values that are contained in received messages are presented
below with reference to FIGS. 12-17.

[0056] In step 710, the next message mask to be applied to the hardware
receiver/buffer 605 is selected. This selection process is implemented by computer
program code executing on processor 600. After the message mask is selected, it is
applied to the hardware receiver/buffer 605 in step 702, and the process shown in
flowchart 700 is repeated. Applying different message masks to the hardware
receiver/buffer 605 enables different types of messages to be selectively received.

[0057] FIG 8 is a diagram of a flowchart 800 that illustrates the operation of
computer program code used for transferring a message received by the hardware
receiver to the software buffer. As show in FIG 8, flowchart 800 has four steps.

[0058] In step 802, a message is received in hardware buffer 605 of CANBus
communication module 604. The receipt of this message will trigger a hardware
interrupt.

[0059] In step 804, a message mask is applied to hardware buffer 605 that prevents
the reception of any more messages into hardware buffer 605. This is done by
computer program code execution on processor 600 in order to prevent the message
received in step 802 from being overwritten before it can be transferred to the
software buffer.

[0060] In step 806, the message received in step 802 is transferred to the software

buffer. In embodiments, the software buffer is a part of memory 602 of processor 600.
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[0061] In step 808, processor 600 returns to its normal operation after completion of
the interrupt routine that was triggered as a part of step 802.

[0062] FIG 9 is a diagram that further illustrates charge control module 312
according to an embodiment of the present invention. As shown in FIG 9, charge
control module 312 includes a processor 900 having a memory 902, a voltage sensing
module 904, a charger control module 906, and a control signal module 908.

[0063] As described herein, charge control module 312 generates a signal that
controls the output current of charger 320. As described below with reference to
FIGS. 12-17, computer program code executing on main processor 308 determines
when battery 300 should be charged. This determination is provided to control signal
module 908, for example, as a charger on/off signal or a charger enable/disable signal.

[0064] In an embodiment, when control signal module 908 receives a charger on or
charger enable signal, it enables charger control module 906 so that charger control
module 906 can provide a signal to charger 320 that controls the output current of
charger 320. In instances where charger 320 is an engine driven alternator, charger
control module 906 outputs a field current for the alternator that determines how
much current charger 320 produces. In another embodiment, charger control module
906 can control the output of a voltage regulator that controls the field current and
thus the output current of the alternator.

[0065] During operation, voltage sensing module 904 monitors the voltage of battery
300 and ensures that charger control module 906 lowers and/or turns-off/regulates the
output current of charger 320 when battery 300 reaches a predetermine voltage
operating point during battery charging. In some embodiments, the voltage of battery
300 may be monitored by BMS module 304 rather than using a voltage sensing
module 904, as shown in FIG 9.

[0066] FIG 10 is a diagram that further illustrates BMS module 304 according to an
embodiment of the present invention. As shown in FIG 10, BMS module 304 includes
a processor 1000 having a memory 1002, a cell balancing module 1004, a cell voltage
module 1006, a cell temperature module 1008, and a transmit (TX)/receive (RX)
module 1010.

[0067] BMS module 304 monitors the voltages and the temperatures of the cells
30la-n of battery 300 and provides this information to computer program code

running on main processor 308 of non-traction battery controller 302 using
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transmit/receive module 1010. The voltages of cells 301a-n are determined by cell
voltage module 1006. The temperatures of cells 301a-n are determined by cell
temperature module 1008. The cell voltage and cell temperature information is used
by non-traction battery controller 302 to ensure that battery 300 is operating safely
within specified voltage and temperature ranges.

[0068] BMS module 304 is responsible for maintaining the cell balance of battery
300. This is done using cell balancing module 1004. In embodiments, cell balancing
module 1004 can comprise any of the known active or passive cell balancing circuits
such as, for example, top-balancing shunting resistors.

[0069] In an embodiment, cell balancing module 1004 operates under the control of
computer program code executing on processor 1000. The computer program code
uses voltage information provided by cell voltage module 1006 and stored in memory
1002, for example, to open and close switches associated with top-balancing shunting
resistors of cell balancing module 1004.

[0070] FIG 11 is a diagram that further illustrates data logging module 306 according
to an embodiment of the present invention. Data logging module 306 includes a
processor 1100 having a memory 1102, a data access port 1104, and an embedded
communication module 1106.

[0071] Data logging module 306 allows a user to access stored operation and
performance data of battery pack 100 and the vehicle in which it is installed.
Operation and performance information is received by data logging module 306, for
example, from main processor 308 and stored in memory 1102. The information
stored in memory 1102 it retrieved/read from memory 1102 using data access port
1104. In embodiments, data access port 1104 can be any known input/output port such
as, for example, a USB port.

[0072] FIG 12 is a diagram that illustrates how computer program code operating on
the processor(s) of non-traction battery controller 302 responds to a number of control
values to charge battery 300 according to an embodiment of the present invention. In
embodiments, four control values are used as shown in FIG 12.

[0073] Control value 1 is used to prevent battery 300 from being fully discharged. In
an embodiment, contactor 314 is opened when battery 300 is discharged to the level
represented by control value 1 to prevent further discharge of battery 300. Control

value 1 may be, for example, a voltage level of battery 300 or a state-of-charge level
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of battery 300. Opening contactor 314 when control value 1 is reached is useful, for
example, when the vehicle in which battery pack 100 is installed has been parked for
an extended period of time and active loads in the vehicle are drawing power from
battery 300 while it is parked. In embodiments, control value 1 is preferably selected
so that contactor 314 opens at a level where battery 300 still has sufficient stored
charge to start the vehicle in which battery pack 100 is installed.

[0074] When the voltage or state-of-charge of battery 300 is in a range determined by
control value 1 and control value 2, battery 300 is always being charged while the
engine of the vehicle in which battery pack 100 is installed is on. This is done because
it is desirable to maintain a minimum amount of stored energy in battery 300, for
example, to power the vehicle’s non-traction loads when the vehicle is parked and the
engine turned-off between periods of use.

[0075] When the voltage or state-of-charge of battery 300 is in a range determined by
control value 2 and control value 3, battery 300 is selectively charged while the
engine of the vehicle in which battery pack 100 is installed is on. The selective
charging is done in order to improve the fuel efficiency of the vehicle in which battery
pack 100 is installed. How battery 300 is selectively charged is described in more
detail below with respect to FIGS. 13-17.

[0076] When the voltage or state-of-charge of battery 300 is in a range determined by
control value 3 and control value 4, the current used to charge battery 300 is reduced
from a maximum current at or near the level of control value 3 to no current at or near
control level 4. This reduction in charge current that takes place between control level
3 and control level 4 is to maximize the life of battery 300 and to prevent charger 320
from over-charging battery 300.

[0077] FIG 13 is a diagram of a flowchart 1300 that illustrates the operation of
computer program code used for scheduling program threads according to an
embodiment of the present invention.

[0078] As shown in FIG 13, flowchart 1300 has three steps. In step 1302, the system
state thread computer program code is run. In step 1304, the battery state thread
computer program code is run. In step 1306, the charger state thread computer
program code is run. More details about each of these computer program code threads

1s described below.
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[0079] FIG 14 is a diagram of a flowchart that further illustrates the computer
program code of step 1302 of flowchart 1300. The computer program code determines
a system state according to an embodiment of the present invention. As shown in the
flowchart of FIG 14, there are eight steps.

[0080] In step 1400, the voltage of battery 300 is obtained. In an embodiment, the
battery voltage is obtained by cell voltage module 1006 of BMS module 304 and
stored in memory 1002. The voltage value stored in memory 1002 is then transferred
to memory 309 of main processor 308.

[0081] In step 1402, all the temperature values of battery pack 100 are obtained. In
embodiments, this includes the temperatures of the cells of battery 300 and the
temperature of equalizer 322, if present. The temperatures of the cells of battery 300
are obtained in an embodiment by cell temperature module 1008 of BMS module 304
and stored in memory 1002. These temperature values are then transferred to memory
309 of main processor 308. The temperature of equalizer 322, if present, is obtained
by fan control module 502 and used to turn-on and turn-off fans as necessary to
maintain the temperature of equalizer 322 within its specified temperature operating
limits.

[0082] In step 1404, data relating to the balance state of the cells of battery 300 are
obtained. In embodiments, this data includes the voltages of cells 301a-n as well as
the position of switches that control the operation of shunting resistors used to balance
cells 301a-n. This data is obtained by BMS module 304 and transferred to memory
309 of main processor 308.

[0083] In step 1406, data about the state of the vehicle in which battery pack 100 is
installed is obtained. In embodiments, this data is obtained by decoding CANBus
messages received by vehicle communication module 310. This data includes, for
example, information about the vehicle’s speed, the engine’s RPMs, the vehicle’s
accelerator pedal position, the vehicle’s fuel consumption rate, etc. This data is
transferred to main processor 308 and stored in memory 309.

[0084] In step 1408, vehicle state variables are updated. More details about this step
are described below with reference to FIG 15.

[0085] In step 1410, a determination is made whether the vehicle in which battery
pack 100 is installed has its ignition on. If the ignition is on, control is passed to step

1412. If the ignition is off, control is transferred to step 1414.
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[0086] In step 1412, an ignition-on state variable is set/enabled. From step 1412,
control is transferred to step 1400.

[0087] In step 1414, an ignition-on state variable is reset/disabled. From step 1414,
control is transferred to step 1400.

[0088] FIG 15 is a diagram of a flowchart that further illustrates the computer
program code of step 1408 of the flowchart in FIG 14. The computer program code
determines a vehicle’s state according to an embodiment of the present invention. As
shown in the flowchart of FIG 15, there are twelve steps.

[0089] In step 1500, a determination is made about whether the vehicle’s accelerator
pedal is off or being let off. If the vehicle’s accelerator pedal is not off or not being let
off, control is transferred to step 1502. In step 1502, a pedal-off state variable is
reset/disabled. From step 1502, control passes to step 1508. If the vehicle’s
accelerator pedal is off or is being let off, control is transferred to step 1504. In step
1504, the pedal-off state variable is set/enabled. From step 1504, control passes to
step 1508.

[0090] In step 1508, a determination is made whether the vehicle’s engine RPM value
is above a minimum RPM value. If the engine RPM value is not above the minimum
value, control is transferred to step 1506. In step 1506, an RPM minimum state
variable is reset/disabled. From step 1506, control passes to step 1512. If the engine
RPM value is above the minimum value, control is transferred to step 1510. In step
1510, an RPM minimum state variable is set/enabled. From step 1510, control passes
to step 1512.

[0091] In step 1512, a determination is made whether the vehicle is moving. If the
vehicle is not moving, control is transferred to step 1514. In step 1514, a vehicle
moving state variable is reset/disabled. From step 1514, control passes to step 1516. If
the vehicle is moving, control is transferred to step 1518. In step 1518, the vehicle
moving state variable is set/enabled. From step 1518, control passes to step 1516.

[0092] In step 1516, a determination is made whether the vehicle is decelerating. If
the vehicle is not decelerating, control is transferred to step 1522. In step 1522, a
speed decreasing state variable is reset/disabled. From step 1522, control passes to
step 1500. If the vehicle is decelerating, control is transferred to step 1520. In step
1520, the speed decreasing state variable is set/enabled. From step 1520, control

passes to step 1500.
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[0093] In embodiments, the values of the state variables described above with
reference to the flowchart of FIG 15 are stored in memory 309 of main processor 308.

[0094] FIG 16 is a diagram of a flowchart that further illustrates the computer
program code of step 1304 of flowchart 1300. The computer program code determines
a battery state according to an embodiment of the present invention. The flowchart
starts at step 1600.

[0095] In step 1600, the ignition-on state variable is checked. If the variable is
reset/disabled, then control passes to step 1602. In step 1602, a no-charge state
variable is set/enabled. From step 1602, control passes to step 1600. If the ignition-on
state variable is set/enabled, control passes to step 1604.

[0096] In step 1604, a determination is made whether the temperature of battery 300
1s above a minimum temperature specified for charging battery 300. If the temperature
is above the minimum temperature, control passes to step 1608. If the temperature is
not above the minimum temperature, control passes to step 1606. In step 1606, an
optional cold-weather heater is turned-on to warm up the battery. From step 1606,
control passes to step 1602.

[0097] In step 1608, a determination is made whether the battery control value (e.g.,
battery voltage and/or battery state-of-charge) is less than control value 4 (CV-4). In
step 1608, if a determination is made that the battery control value is less than control
value 4, control passes to step 1616. If the battery control value is not less than control
value 4, control passes to step 1610. In step 1610, a no-charge state variable is
set/enabled, and control passes to step 1612. In step 1612, an error state variable is
set/enabled, and control passes to step 1614. In step 1614, an indicator light is turned-
on, and control passes to step 1600.

[0098] In step 1616, a determination is made whether the battery control value is
greater than control value 2 (CV-2). If the battery control value is greater than control
value 2, control passes to step 1618. In step 1618, a selective-charge state variable is
set/enabled, and control passes to step 1600. In step 1616, if a determination is made
that the battery control value is not great than control value 2, control passes to step
1620.

[0099] In step 1620, a determination is made whether the battery control value is
greater than control value 1 (CV-1). If the battery control value is greater than control

value 1, control passes to step 1622. In step 1622, an always-charge state variable is
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set/enabled, and control passes to step 1600. In step 1620, if a determination is made
that the battery control value is not great than control value 1, control passes to step
1624,

[00100] In step 1624, a no-charge state variable is set/enabled, and control passes to
step 1626. In step 1626, a contactor (e.g., contactor 314 in FIG 3) is opened to
prevent further discharge of the battery by the vehicle’s loads, and control passes to
step 1628. In step 1628, and indicator light is turned on.

[00101] FIG 17 is a diagram of a flowchart that further illustrates the computer
program code of step 1306 of flowchart 1300. The computer program code determines
a charger state according to an embodiment of the present invention. The flowchart
starts with step 1700.

[00102] In step 1700, a determination is made whether an ignition-on state variable is
set/enabled. If the ignition-on state variable is not set/enabled, then control passes to
step 1702. In step 1702, the charger (e.g., charger 320) is disabled. If a determination
i1s made in step 1700 that the ignition-on state variable is set/enabled, then control
passes to step 1704,

[00103] In step 1704, a determination is made whether an RPM-minimum state
variable is set/enabled. If the RPM-minimum state variable is not set/enabled, then
control passes to step 1702. If a determination is made in step 1700 that the RPM-
minimum state variable is set/enabled, then control passes to step 1706.

[00104] In step 1706, a determination is made whether an always-charge state variable
is set/enabled. If the always-charge state variable is not set/enabled, then control
passes to step 1708. If a determination is made in step 1706 that the always-charge
state variable is set/enabled, then control passes to step 1714.

[00105] In step 1708, a determination is made whether a selective-charge state variable
is set/enabled. If the selective-charge state variable is not set/enabled, then control
passes to step 1702. If a determination is made in step 1708 that the selective-charge
state variable is set/enabled, then control passes to step 1710.

[00106] In step 1710, a determination is made whether a pedal-off state variable is
set/enabled. If the pedal-off state variable is not set/enabled, then control passes to
step 1702. If a determination is made in step 1710 that the pedal-off state variable is

set/enabled, then control passes to step 1712.
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[00107] In step 1712, a determination is made whether a speed-decreasing state
variable is set/enabled. If the speed-decreasing state variable is not set/enabled, then
control passes to step 1702. If a determination is made in step 1712 that the speed-
decreasing state variable is set/enabled, then control passes to step 1714.

[00108] In step 1714, the charger is enabled so that the battery (e.g., battery 300) can
be charged. As will be understood by persons skilled in the relevant arts give the
description herein, only enabling the charger under the conditions described herein
can improve the overall fuel efficiency of a vehicle in which battery pack 100 is
installed. The fuel efficiency is improved, for example, because the battery is only
charged when the vehicle is running fuel efficiently and not charged when the vehicle
is running less fuel efficiently, unless required to be charged to continue powering the
vehicle’s loads. The charging described herein also captures some of the vehicle’s
momentum energy and uses this energy to charge the battery, which otherwise would
be dissipated by the vehicle’s brakes as heat.

[00109] FIGS. 18A-C are diagrams that illustrate how a non-traction battery pack 100
according to an embodiment of the present invention can be installed in a bus 102.

[00110] As shown in FIG 18A, battery pack 100 is installed in a battery tray 1802 on
one side of bus 102. Battery tray 1802 is located behind a battery access door 1800 of
bus 102. In embodiments, battery tray 1802 is the tray that held the bus’ original
batteries in instances where battery pack 100 is being retrofitted into a bus. Once
battery pack 100 is installed on battery tray 1802, the bus’ battery power cables 1804
are connected to the battery terminals 1806 of battery pack 100.

[00111] In addition to connecting battery power cables 1804 to the terminals of battery
pack 100, two other connections must be made as part of the battery pack install
process. These two connections are connecting non-traction battery controller 302 to
the bus’ alternator field winding and to the bus’ vehicle communication bus (e.g.,
CANBUus circuit).

[00112] FIG 18B shows an alternator 1810 of bus 102. Alternator 1810 is located
within engine compartment 1809 behind an engine compartment access door 1808.
Alternator 1810 is used to charge battery 300 of battery pack 100. In embodiments, a
field winding of alternator 1810 is selectively energized as described herein by charge
control module 312. Thus, the charge control module is connected to the alternator’s

field winding to control when battery 300 of battery pack 100 is charged.
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[00113] FIG 18C shows an endpoint connector 1812 of a CANBus communication
circuit (i.e., vehicle communication bus) of bus 102. In embodiments, the endpoint
connector is a part of a fan unit 1816 of bus 102, and it is connected to vehicle
communication module 310 of non-traction battery controller 302. This enables
vehicle communication module 310 to receive data about bus 102 as described here.

[00114] As will be understood by persons skilled in the relevant art(s) given the
description herein, various features of the invention can be implemented using
processing hardware, firmware, software and/or combinations thereof such as, for
example, application specific integrated circuits (ASICs). Implementation of these
features using hardware, firmware and/or software will be apparent to a person skilled
in the relevant art. Furthermore, while various embodiments of the invention have
been described above, it should be understood that they have been presented by way
of example, and not limitation. It will be apparent to persons skilled in the relevant
art(s) that various changes can be made therein without departing from the scope of
the invention.

[00115] As will be appreciated by one skilled in the art, aspects of the present
disclosure may be embodied as a system, method, or computer program product.
Accordingly, aspects of the disclosure may take the form of an entirely hardware
embodiment, an entirely software embodiment (including firmware, resident software,
micro-code, etc.) or an embodiment combining software and hardware aspects that

EEINAY

may all generally be referred to herein as a “circuit,” “module” or “system.”
Furthermore, the disclosure may take the form of a computer program product
embodied in any tangible medium of expression having computer usable program
code embodied in the medium.

[00116] Any combination of one or more computer usable or computer readable
medium(s) may be utilized. The computer-usable or computer-readable medium may
be, for example but not limited to, an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system, apparatus, device, or propagation medium. More
specific examples of a computer-readable medium may include the following: an
electrical connection having one or more wires, a portable computer diskette, a hard
disk, a random access memory (RAM), a read-only memory (ROM), an erasable

programmable read-only memory (EPROM or Flash memory), an optical fiber, a

portable compact disc read-only memory (CDROM), an optical storage device, a
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transmission media such as those supporting the Internet or an intranet, or a magnetic
storage device.

[00117] Note that the computer-usable or computer-readable medium could even be
paper or another suitable medium upon which the program is printed, as the program
can be electronically captured, via, for instance, optical scanning of the paper or other
medium, then compiled, interpreted, or otherwise processed in a suitable manner, if
necessary, and then stored in a computer memory. In the context of the present
disclosure, a computer-usable or computer-readable medium may be any medium that
can contain, store, communicate, propagate, or transport the program for use by or in
connection with the instruction execution system, processor, apparatus, or device. The
computer-usable medium may include a propagated data signal with the computer-
usable program code embodied therewith, either in baseband or as part of a carrier
wave. The computer usable program code may be transmitted using any appropriate
medium, including but not limited to wireless, wireline, optical fiber cable, or RF.

[00118] Computer program code for carrying out operations of the embodiments of the
disclosure may be written in any combination of one or more programming
languages, including an object oriented programming language such as Java,
Smalltalk, C++ or the like and conventional procedural programming languages, such
as the C programming language or similar programming languages. The program
code may execute entirely on the user's computer, partly on the user's computer, as a
stand-alone software package, partly on the user's computer and partly on a remote
computer or entirely on the remote computer or server. In the latter scenario, the
remote computer may be connected to the user's computer through any type of
network, including a local area network (LAN) or a wide area network (WAN), or the
connection may be made to an external computer (for example, through the Internet
using an Internet Service Provider).

[00119] The aspects of the disclosure are described herein with reference to flowchart
illustrations and/or block diagrams of methods, apparatus (systems) and computer
program products according to embodiments of the disclosure. It will be understood
that each block of the flowchart illustrations and/or block diagrams, and combinations
of blocks in the flowchart illustrations and/or block diagrams, can be implemented by

computer program instructions.
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[00120] These computer program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or other programmable data
processing apparatus to produce a machine, such that the instructions, which execute
via the processor of the computer or other programmable data processing apparatus,
create means for implementing the functions/acts specified in the flowchart and/or
block diagram block or blocks. These computer program instructions may also be
stored in a computer-readable medium that can direct a computer or other
programmable data processing apparatus to function in a particular manner, such that
the instructions stored in the computer-readable medium produce an article of
manufacture including instruction means which implement the function/act specified
in the flowchart and/or block diagram block or blocks.

[00121] The computer program instructions may also be loaded onto a computer or
other programmable data processing apparatus to cause a series of operational steps to
be performed on the computer or other programmable apparatus to produce a
computer implemented process such that the instructions which execute on the
computer or other programmable apparatus provide processes for implementing the
functions/acts specified in the flowchart and/or block diagram block or blocks.

[00122] With reference now to the figures and in particular with reference to Fig. 19,
an illustrative diagram of a data processing environment is provided in which
illustrative embodiments may be implemented. It should be appreciated that Fig. 19 is
only provided as an illustration of one implementation and is not intended to imply
any limitation with regard to the environments in which different embodiments may
be implemented. Many modifications to the depicted environments may be made.

[00123] Now considering Fig. 19, a block diagram of a data processing system is
depicted in accordance with the present disclosure. In this illustrative example, data
processing system 2200 includes communications fabric 2202, which provides
communications between processor unit 2204, memory 2206, persistent storage 2208,
communications unit 2210, input/output (I/0) unit 2212, and display 2214,

[00124] Processor unit 2204 serves to execute instructions for software that may be
loaded into memory 2206. Processor unit 2204 may be a number of processors, a
multi-processor core, or some other type of processor, depending on the particular
implementation. A number, as used herein with reference to an item, means one or

more items. Further, processor unit 2204 may be implemented using a number of
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heterogeneous processor systems in which a main processor is present with secondary
processors on a single chip. As another illustrative example, processor unit 2204 may
be a symmetric multi-processor system containing multiple processors of the same
type.

[00125] Memory 2206 and persistent storage 2208 are examples of storage devices
2216. A storage device is any piece of hardware that is capable of storing information,
such as, for example, without limitation, data, program code in functional form,
and/or other suitable information on either a temporary basis and/or a permanent
basis. Memory 2206, in these examples, may be, for example, a random access
memory or any other suitable volatile or non-volatile storage device. Persistent
storage 2208 may take various forms, depending on the particular implementation.

[00126] For example, persistent storage 2208 may contain one or more components or
devices such as a hard drive, a flash memory, a rewritable optical disk, a rewritable
magnetic tape, or some combination of the above. The media used by persistent
storage 2208 also may be removable. For example, a removable hard drive may be
used for persistent storage 2208.

[00127] Communications unit 2210, in these examples, provides for communications
with other data processing systems or devices. In these examples, communications
unit 2210 may be a network interface card. Communications unit 2210 may provide
communications through the use of either or both physical and wireless
communications links.

[00128] Input/output unit 2212 allows for input and output of data with other devices
that may be connected to data processing system 2200. For example, input/output unit
2212 may provide a connection for user input through a keyboard, a mouse, and/or
some other suitable input device. Further, input/output unit 2212 may send output to a
printer. Display 2214 provides a mechanism to display information to a user.

[00129] Instructions for the operating system, applications, and/or programs may be
located in storage devices 2216, which are in communication with processor unit
2204 through communications fabric 2202. In these illustrative examples, the
instructions are in a functional form on persistent storage 2208. These instructions
may be loaded into memory 2206 for execution by processor unit 2204. The processes

of the different embodiments may be performed by processor unit 2204 using
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computer implemented instructions, which may be located in a memory, such as
memory 2206.

[00130] These instructions are referred to as computer program code, computer usable
program code, or computer readable program code that may be read and executed by
a processor in processor unit 2204. The program code in the different embodiments
may be embodied on different physical or computer readable storage media, such as
memory 2206 or persistent storage 2208.

[00131] Program code 2218 is located in a functional form on computer readable
media 2220 that is selectively removable and may be loaded onto or transferred to
data processing system 2200 for execution by processor unit 2204. Program code
2218 and computer readable media 2220 form computer program product 2222 in
these examples. In one example, computer readable media 2220 may be computer
readable storage media 2224 or computer readable signal media 2226. Computer
readable storage media 2224 may include, for example, an optical or magnetic disk
that is inserted or placed into a drive or other device that is part of persistent storage
2208 for transfer onto a storage device, such as a hard drive, that is part of persistent
storage 2208. Computer readable storage media 2224 also may take the form of a
persistent storage, such as a hard drive, a thumb drive, or a flash memory, that is
connected to data processing system 2200. In some instances, computer readable
storage media 2224 may not be removable from data processing system 2200. In these
illustrative examples, computer readable storage media 2224 is a non-transitory
computer readable storage medium.

[00132] Alternatively, program code 2218 may be transferred to data processing
system 2200 using computer readable signal media 2226, Computer readable signal
media 2226 may be, for example, a propagated data signal containing program code
2218. For example, computer readable signal media 2226 may be an electromagnetic
signal, an optical signal, and/or any other suitable type of signal. These signals may
be transmitted over communications links, such as wireless communications links,
optical fiber cable, coaxial cable, a wire, and/or any other suitable type of
communications link. In other words, the communications link and/or the connection
may be physical and/or wireless in the illustrative examples.

[00133] In some embodiments, program code 2218 may be downloaded over a

network to persistent storage 2208 from another device or data processing system
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through computer readable signal media 2226 for use within data processing system
2200. For instance, program code stored in a computer readable storage medium in a
server data processing system may be downloaded over a network from the server to
data processing system 2200. The data processing system providing program code
2218 may be a server computer, a client computer, or some other device capable of
storing and transmitting program code 2218.

[00134] The different components illustrated for data processing system 2200 are not
meant to provide architectural limitations to the manner in which different
embodiments may be implemented. The different advantageous embodiments may be
implemented in a data processing system including components in addition to or in
place of those illustrated for data processing system 2200. Other components shown
in Fig. 19 can be varied from the illustrative examples shown. The different
embodiments may be implemented using any hardware device or system capable of
running program code. As one example, the data processing system may include
organic components integrated with inorganic components and/or may be comprised
entirely of organic components excluding a human being. For example, a storage
device may be comprised of an organic semiconductor.

[00135] As another example, a storage device in data processing system 2200 may be
any hardware apparatus that may store data. Memory 2206, persistent storage 2208,
and computer readable media 2220 are examples of storage devices in a tangible
form.

[00136] In another example, a bus system may be used to implement communications
fabric 2202 and may be comprised of one or more buses, such as a system bus or an
input/output bus. Of course, the bus system may be implemented using any suitable
type of architecture that provides for a transfer of data between different components
or devices attached to the bus system. Additionally, a communications unit may
include one or more devices used to transmit and receive data, such as a modem or a
network adapter. Further, a memory may be, for example, memory 2206, or a cache
such as found in an interface and memory controller hub that may be present in
communications fabric 2202,

[00137] It should be appreciated that the detailed description of the invention provided

herein, and not the summary and abstract sections, is intended to be used to interpret
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the claims. The summary and abstract sections may set forth one or more but not all

exemplary embodiments of the invention as contemplated by the inventor.
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WHAT IS CLAIMED IS:

1. A non-traction battery controller, comprising;

a main processor;
a battery management module coupled to the main processor;
a vehicle communication module coupled to the main processor;
a charge control module coupled to the main processor;
a memory coupled to the main processor; and
a computer program code stored in the memory, wherein during operation

the computer program code causes the processor to signal the charge
control module to always charge a connected battery when the vehicle
communication module signals the processor that an engine of a vehicle is
operating and the battery management module signals the processor that the
connected battery has a state value less than a first control value, and

the computer program code causes the processor to signal the charge
control module to selectively charge the connected battery when the vehicle
communication module signals the processor that the engine of the vehicle is
operating and the battery management module signals the processor that the
connected battery has a state value between the first control value and a

second control value.

2. The non-traction battery controller of claim 1, wherein
the first control value and the second control value are battery voltage

values.

3. The non-traction battery controller of claim 1, wherein
the first control value and the second control value are battery state-of-

charge values.
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4, The non-traction battery controller of claim 1, wherein
the computer program code causes the processor to signal the charge
control module to selectively charge the connected battery when the vehicle

communication module signals the processor that the vehicle is moving.

5. The non-traction battery controller of claim 1, wherein
the computer program code causes the processor to signal the charge
control module to selectively charge the connected battery when the vehicle
communication module signals the processor that the engine of the vehicle is

operating at greater than a first revolutions-per-minute value.

6. The non-traction battery controller of claim 1, wherein
the computer program code causes the processor to signal the charge
control module to not charge the connected battery when the battery
management module signals the processor that a state of the battery is greater

than a third control value.

7. The non-traction battery controller of claim 1, wherein
the computer program code causes the processor to signal a contactor
to open when the battery management module signals the processor that a

voltage of a cell of the battery is less than an under-voltage protection value.

8. The non-traction battery controller of claim 1, wherein
the computer program code causes the processor to signal a contactor
to open when the battery management module signals the processor that a

voltage of a cell of the battery is greater than an over-voltage protection value.

9. The non-traction battery controller of claim 1, wherein the charge control
module generates a pulse width modulation signal for controlling a power

output of an alternator.
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10.

The non-traction battery controller of claim 1, wherein the vehicle

communication module decodes a message relating to a position of an accelerator pedal of

the vehicle.

11.

12.

13.

A non-traction battery pack for a vehicle, comprising:
a main processor;
a battery management module coupled to the main processor;
a battery coupled to the battery management module;
a vehicle communication module coupled to the main processor;
a charge control module coupled to the main processor;
a memory coupled to the main processor; and
a computer program code stored in the memory, wherein during operation

the computer program code causes the processor to signal the charge
control module to always charge the battery when the vehicle communication
module signals the processor that an engine of a vehicle is operating and the
battery management module signals the processor that the battery has a state
value less than a first control value, and

the computer program code causes the processor to signal the charge
control module to selectively charge the battery when the vehicle
communication module signals the processor that the engine of the vehicle is
operating and the battery management module signals the processor that the
battery has a state value between the first control value and a second control

value.

The non-traction battery pack of claim 11, wherein
the first control value and the second control value are battery voltage

values.

The non-traction battery pack of claim 11, wherein
the computer program code causes the processor to signal the charge
control module to selectively charge the battery when the vehicle

communication module signals the processor that the vehicle is moving.
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14, The non-traction battery pack of claim 11, wherein
the computer program code causes the processor to signal the charge
control module to selectively charge the battery when the vehicle
communication module signals the processor that the engine of the vehicle is

operating at greater than a first revolutions-per-minute value.

15.  The non-traction battery pack of claim 11, wherein the vehicle communication
module decodes a message relating to a position of an accelerator pedal of the

vehicle.

16. A vehicle, comprising:
an engine;
an alternator coupled to the engine; and
a non-traction battery pack coupled to the alternator, wherein the non-traction
battery pack includes
a main processor;
a battery management module coupled to the main processor;
a battery coupled to the battery management module;
a vehicle communication module coupled to the main processor;
a charge control module coupled to the main processor;
a memory coupled to the main processor; and
a computer program code stored in the memory, wherein during
operation
the computer program code causes the processor to signal the
charge control module to always charge the battery when the vehicle
communication module signals the processor that the engine of the
vehicle is operating and the battery management module signals the
processor that the battery has a state value less than a first control
value, and
the computer program code causes the processor to signal the
charge control module to selectively charge the battery when the
vehicle communication module signals the processor that the engine of

the vehicle is operating and the battery management module signals the
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processor that the battery has a state value between the first control

value and a second control value.

17. The vehicle of claim 16, wherein
the first control value and the second control value are battery voltage

values.

18. The vehicle of claim 16, wherein
the computer program code causes the processor to signal the charge
control module to selectively charge the battery when the vehicle

communication module signals the processor that the vehicle is moving.

19.  The non-traction battery pack of claim 16, wherein
the computer program code causes the processor to signal the charge
control module to selectively charge the battery when the vehicle
communication module signals the processor that the engine of the vehicle is

operating at greater than a first revolutions-per-minute value.

20. The vehicle of claim 16, wherein the vehicle communication module decodes

a message relating to a position of an accelerator pedal of the vehicle.

PATENT
REEL: 031812 FRAME: 0299



Attorney Docket PTW304 -30-

ABSTRACT

A non-traction battery controller, and applications thereof. In an embodiment, the non-
traction battery controller includes a main processor, a battery management module, a vehicle
communication module, and a charge control module. During operation, when the vehicle
communication module signals the processor that an engine of a vehicle is operating and the
battery management module signals the processor that a connected battery has a value less
than a first control value, a computer program code stored in a memory coupled to the
processor causes the processor to signal the charge control module to charge the connected
battery. When the vehicle communication module signals the processor that the vehicle
engine is operating and the battery management module signals the processor that the
connected battery has a value between first and second control value, the computer program
code causes the processor to signal the charge control module to selectively charge the

connected battery.
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