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SYSTEMS AND METHODS FOR
SELF-CONTAINED AUTOMATIC BATTERY
CHARGING AND
BATTERY-LIFE-EXTENSION CHARGING

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application 1s a continuation-in-part of pend-
ing prior U.S. patent application Ser. No. 14/536,368, filed
Nov. 7, 2014 by Timothy Groat, Kyle Miller, and John
Flavin for SELF-CONTAINED AUTOMATIC BATTERY
CHARGING SYSTEMS AND METHODS, which 1n turn
claims the benefit under 35 U.S.C. 119(e) of U.S. Provi-
sional Patent Application No. 61/901,104, filed Nov. 7,
2013, by Timothy Groat, Kyle Miller, and John Flavin for
SELF-CONTAINED AUTOMATIC BATTERY CHARG-

ING SYSTEMS, both of which patent applications are
hereby incorporated herein by reference.

BACKGROUND

[0002] Generally, a battery charger 1s an electronic assem-
bly comprising electrical, mechanical, and/or electronic
components that together perform multiple functions asso-
ciated with delivering electrical energy to a battery.

[0003] Battery charging 1s carried out 1n existing devices
in several different ways, including linear dissipative voltage
regulators, various types of thyristor regulators, and various
types of switchmode regulators. Many existing (commer-
cial) battery chargers are transformer type thyristor-con-
trolled battery chargers that are larger and heavier than
switchmode type battery chargers. Existing battery chargers
including switchmode type battery chargers usually have a
poor power factor (1.e., a ratio of real power flowing to the
load to an apparent power 1n the circuit), and therefore draw
more 1nput current than necessary and have a non-sinusoidal
AC 1mput current.

[0004] Existing battery chargers may provide: reverse
polarity protection; jumper selectable output voltage (e.g.
twelve-volt or twenty-four volt charging); automatic charge
cycles; temperature compensation; electromagnetic interfer-
ence (EMI) filtering; surge protection (protection from
unwanted transient electrical energy coming from the AC
power source attached to the battery charger); alarm relays;
fuses for overcurrent protection on the AC input and the DC
output; power factor correction; configuration of the charger
via a digital interface; battery charging algorithms; electro-
magnetic emission control and immunity; alarm systems
with low power consumption latching relays; and/or an LCD
battery charger status display. However, many existing bat-
tery chargers have no reverse polarity protection, no thermal
protection, no alarm relays, no text display, no digital
communications iterface, no microprocessor, no capability
to select twelve volt and twenty-four volt operation 1n the
same charger, no capability to charge a zero volt battery, etc.

[0005] Some existing battery chargers use mechanical
adjustment devices such as potentiometers, dual in-line
package (DIP) switches, pushbuttons, slide switches or other
adjustment mechanisms that have a high risk of failure,
intermittent functionality, or wear.

[0006] Some existing devices’ “housekeeping power sup-
plies,” which power on-board control circuitry, are only
supplied from DC battery power and therefore cannot func-
tion 1f a battery 1s not connected. As a result, some existing
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battery chargers may mistake a “zero-volt battery” (a battery
which has never been charged or which has been deeply
discharged and therefore has very low voltage across its
battery terminals) for a short circuit and therefore will not
initiate battery charging, and/or may be unable to operate
due to lack of housekeeping power from the zero-volt
battery.

[0007] In addition, certain types of battery applications are
subject to regulatory mandates by the National Electric
Code, the National Fire Protection Association, and Under-
writer’s Laboratories regarding when and how the batteries
must be charged. Specifically, regulations require lead-acid
starting, lighting, and ignition batteries (SLI batteries) that
are used to start emergency generators or diesel fire pumps
to be continually “float” charged, ensuring that the batteries
are fully charged and ready for service at all times. The static
battery chargers used to float charge SLI batteries also
provide direct current to power accessory loads in the form
of equipment such as, for example, electrical switchgear
and/or the supervisory systems necessary for the generator
or fire pump systems to function.

[0008] Traditional continuous float charging involves
round-the-clock charging in which the battery charger alter-
nately outputs two charging voltages to the SLI battery to be
charged: a “float” voltage and a “boost” fast-recharge volt-
age. The float voltage 1s output approximately 99% of the
time and 1s intended to maintain the battery in 1its fully
charged state by replenishing charge at the same rate the
battery selt-discharges (e.g., up to approximately 13.3 to
13.8 volts for a 12-volt battery). The boost voltage 1s applied
only intermittently and 1s intended to quickly charge a
zero-volt battery that has never been charged or recharge an
existing battery that has undergone a discharge event (e.g.,
approximately 15.5 volts for a 12-volt battery). The boost
charge 1s employed only for the limited duration necessary
to fully charge the battery, after which the output voltage
from the charger returns to the float voltage pending the next
discharge event.

SUMMARY

[0009] This Summary 1s provided to introduce a selection
of concepts 1 a simplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to i1dentily key aspects or essential aspects of the
claimed subject matter. Moreover, this Summary 1s not
intended for use as an aid in determinming the scope of the
claimed subject matter

[0010] One embodiment provides a battery-life-extension
charging system. The charging system may include (1) a
monitoring component configured to measure a direct cur-
rent (DC) output current delivered by the charging system to
a battery, wherein the DC output current 1s a function of an
existing charge status of the battery; (2) a timing component;
and (3) a charge control system 1in communication with the
monitoring component and the timing component. The
charge control system may be configured for (a) obtaining at
least one of a time measurement from the timing component
and a charge measurement from the monitoring component;
(b) based on the at least one of the time measurement and the
charge measurement, determining at least one of a time to
complete a charge mode cycle and a charge to complete a
charge mode cycle, each tailored to achieve a desired charge
status of the battery; and (c) based on the at least one of the
time and the charge to complete the charge mode cycle,
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transitioning to a select one of a number of DC output
voltage settings until the time to complete the charge mode
cycle has passed or the charge to complete the charge mode
cycle has been provided, wherein the DC output voltage
settings include at least an eco-float output voltage setting,
a refresh output voltage setting, and a boost output voltage
setting.

[0011] Another embodiment provides a battery-life-exten-
sion charging method, which may include (1) obtaiming a
charge measurement associated with a battery via a moni-
toring component of a battery charger, the charge measure-
ment reflecting a direct current (DC) output current deliv-
ered by the battery charger to the battery; (2) obtaining a
time measurement associated with the battery via a timing
component of the battery charger; (3) transmitting at least
one of the charge measurement and the time measurement to
a battery charge control system of the battery charger; (4)
determining, by the battery charge control system and based
on the at least one of the charge measurement and the time
measurement, at least one of a charge to complete a charge
mode cycle and a time to complete the charge mode cycle,
the charge mode cycle tailored to achieve a desired charge
status of the battery; and (5) selectively regulating, by a
voltage regulator 1n communication with the battery charge
control system, a DC output voltage of the battery charger to
one of a number of pre-set DC output voltages until the time
to complete the charge mode cycle has passed or the charge
to complete the charge mode cycle has been provided, the
pre-set DC output voltages comprising an eco-float output
voltage, a refresh output voltage, and a boost output voltage.

[0012] Yet another embodiment provides an automatic,
self-contained, battery-life-extension charging system.
Embodiments of the charging system may include a power
printed circuit board (PCB). The power PCB may include
(1) 1nput connections to allow an input alternating current
(AC) to flow into the charging system; (2) two series-
connected switchmode converters that together are config-
ured to convert the mput AC nto an output direct current
(DC) for delivery to a DC load and/or to a parallel-connected
battery, to limit the output DC to the DC load, and to regulate
a DC output voltage; and (3) monitoring and control cir-
cuitry 1n communication with the two series-connected
switchmode converters. The monitoring and control cir-
cuitry may include (a) a monitoring component configured
to measure a charge measurement associated with the DC
load; (b) a timing component configured to measure a time
measurement associated with a charge mode cycle of the DC
load; and (c) a charge control system in communication with
the monitoring component and the timing component, the
charge control system configured to transition the two
series-connected switchmode converters between a number
of DC output voltage charge modes based upon at least one
of the charge measurement and the time measurement.

[0013] A further embodiment provides a selif-contained
automatic battery charging system comprising a power
printed circuit board (PCB). The power PCB may include
input connections to allow an alternating current (AC)
power to flow into the self-contained automatic battery
charging system, as well as a two-stage switchmode con-
verter implementing two stages that together convert AC
into direct current (DC), provide active power factor cor-
rection so as to provide an improved power factor, provide
electrical 1solation between primary and secondary circuitry,
regulate output voltage, limit output current of the seli-
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contained automatic battery charging system to a safe value,
and provide output connections configured for wiring the
DC to an electrical load.

[0014] An additional embodiment provides a seli-con-
tained automatic battery charging system, comprising (1) a
power printed circuit board (PCB); (2) an accessory PCB
electrically connected to the power PCB; (3) a controller
area network bus (CANbus) interface located upon the
power PCB or the accessory PCB; and (4) an NFPA-110-
compliant information-sharing interface, wherein (a) imple-
mentation of the NFPA-110-compliant information-sharing
interface uses information obtained via SAE J1939 stan-
dards; and (b) implementation of the NFPA-110-compliant
information sharing interface is carried out solely over the
CANbus interface without additional hardware and wiring
associated with either dedicated meters or alarm relays.

[0015] Another embodiment provides a method of charg-
ing using a self-contained automatic battery charging sys-
tem. The method may include (1) iputting an alternating
current (AC) power to two series-connected switchmode
converters; and (2) via the two series-connected switchmode
converters: (a) converting the AC mput power into direct
current (DC); (b) providing an active power factor correc-
tion so as to provide an improved power factor; (¢) providing
electrical 1solation between primary circuitry and secondary
circuitry; and (d) regulating an output voltage and limiting
an output current to an electrical load.

[0016] Other embodiments, and other variations on the
above embodiments, are also disclosed.

[0017] Additional objects, advantages and novel features
of the technology will be set forth 1n part 1n the description
which follows, and in part will become more apparent to
those skilled 1n the art upon examination of the following, or
may be learned from practice of the technology.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Non-limiting and non-exhaustive embodiments of
the present invention, including the preferred embodiment,
are described with reference to the following figures,
wherein like reference numerals refer to like parts through-
out the various views unless otherwise specified. Illustrative
embodiments of the invention are illustrated 1n the drawings,
in which:

[0019] FIG. 1 1llustrates a self-contained automatic battery
charging system power board layout, according to one
embodiment;

[0020] FIG. 2 1llustrates a self-contained automatic battery
charging system power board block diagram, according to
one embodiment;

[0021] FIG. 3 1llustrates a self-contained automatic battery
charging system accessory board layout, according to one

embodiment;

[0022] FIG. 4 1llustrates a self-contained automatic battery
charging system accessory board block diagram, according
to one embodiment;

[0023] FIG. 5 illustrates a front perspective view of a
self-contained automatic battery charging system utilizing a
combination chassis and heat sink, according to one embodi-
ment,

[0024] FIG. 6 1llustrates another front perspective view of
a self-contained automatic battery charging system utilizing
a combination chassis and heat sink, according to one
embodiment;
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[0025] FIG. 7 illustrates a front perspective view of a
self-contained automatic battery charging system having a
weatherprootf enclosure, according to one embodiment;
[0026] FIG. 8 1s a front view of a self-contamned automatic
battery charging system having a weatherproof enclosure,
according to one embodiment;

[0027] FIG. 9 1llustrates a fragmented view of a portion of
a self-contained automatic battery charging system showing
a single heat sink clip suitable for use with a vanety of
component package sizes and having an anti-rotation fea-
ture, according to one embodiment;

[0028] FIG. 10 1s a generally cross-sectional, fragmented
view of a self-contained automatic battery charging system,
according to one embodiment;

[0029] FIG. 11 1illustrates a functional schematic of one
embodiment of a battery-life-extension charging system;
[0030] FIG. 12 illustrates a chart depicting a number
time-progressed charge mode cycles provided by the charg-
ing system of FIG. 11; and

[0031] FIGS. 13A-13B combine to provide a charging-

state flowchart that illustrates an exemplary battery-life-
extension charging method using the charging system of
FIG. 11.

DETAILED DESCRIPTION

[0032] Embodiments are described more fully below in
suflicient detail to enable those skilled 1n the art to practice
the system and method. However, embodiments may be
implemented 1n many different forms and should not be
construed as being limited to the embodiments set forth
herein. The following detailed description 1s, therefore, not
to be taken 1n a limiting sense.

Self-Contained Automatic Battery Charging

[0033] In various embodiments, the present self-contained
automatic battery charging system performs many functions
in addition to the primary function, which 1s charging an
clectrical storage battery, or other electrical storage device.
There are multiple embodiments of the present selif-con-
tained automatic battery charging systems to provide difler-
ent sets of optional features and functions, based on users’
requirements. As discussed 1n greater detail below, a self-
contained automatic battery charging system comprises one
or more electronic printed circuit board assemblies, and
associated interconnections and components, mounted with
fasteners 1nto a metal chassis or enclosure.

[0034] The present seli-contained automatic battery
charging systems are constructed using a printed circuit
board (PCB) called the “power board” and an optional
printed circuit board assembly called the “accessory board”.
The essential function of the present self-contained auto-
matic battery charging system 1s to recharge a storage
battery, or other storage device, and then maintain 1t at a
state of charge that 1s optimized for both peak performance
and battery/device lifetime. The battery charger functions as
an Alternating Current (AC) to Direct Current (DC) con-
verter, with AC celectric power flowing into the battery
charger’s 1nput circuitry, and DC electric power tlowing out
of the battery charger’s output circuitry. The storage battery
may be of the lead acid or nickel cadmium types or of other
types or chemistries, may be supplemented with or replaced
by an energy storage capacitor, and may consist of one of
more cells connected in series or parallel.
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[0035] In addition to charging a battery, the self-contained
automatic battery charging system has many features and
may perform many functions including, for example auto-
matic charge 1nitiation and termination, and LED indicators
may provide AC status and DC status. As a further example,
embodiments may provide active power factor correction,
resulting 1n sinusoidal AC input current in phase with the AC
input voltage waveform, which 1s desirable because 1t mini-
mizes harmonics on the AC line and minimizes the input
volt-amps required to provide adequate input power to
operate the device. Also, filtering of outgoing electromag-
netic iterference (EMI) that can interfere with the operation
of other electrical and electronic devices and of incoming
EMI that can interfere with the charger’s performance may
be provided. Example embodiments may provide user-
configurable DC output voltage selection for, by way of
example, a twelve-volt battery or a twenty-four volt battery,
and output voltage modes, by means of either manual
jumpers or computer data port. Automatic protection may
also be provided against the wrong voltage battery being
connected to the device, such as either a twelve-volt battery
when configured for twenty-four volt operation, or a twenty-
four volt battery when configured for twelve-volt operation.
Further, embodiments of the present system may automati-
cally sense and charge a battery, energy storage capacitor or
combination thereof from any discharge condition including
zero voltage. In accordance with various embodiments, short
circuit protection on the output, reverse polarity protection,
which may prevent damage to the device when a battery 1s
connected backwards, thermal protection, which may pre-
vent damage when the device 1s operated 1n an environment
hotter than the charger’s rated operating temperature and
battery temperature compensation, which incrementally
increases output voltage at lower ambient temperatures, and
incrementally decreases output voltage at higher ambient
temperatures, to adequately charge but not overcharge the
battery, may be provided. An optional LCD display and
optional relays for alarm outputs may be provided 1n various
embodiments. An optional J1939 compliant CANbus 1nter-
face, or the like may be provided in accordance with various
embodiments to enable two-way communication with the
charger.

[0036] Hence, embodiments of the self-contained auto-
matic battery charging systems and methods combine active
power factor correction, high efliciency and advanced ther-
mal and electrical protection features 1n a single self-con-
tamned device. Various self-contained automatic battery
charging system embodiments use diflerent input and output
connectors on the same Printed Circuit Board (PCB) utiliz-
ing multiple sets of mounting holes. Charger system
embodiments can be programmed either manually 1n dis-
crete 1ncrements or programmed in nearly infinite incre-
ments via a digital interface. The selif-contained automatic
battery charging systems may be open-frame or housing-
enclosed. Certain embodiments may include a CANbus
interface, an accessory board with LCD display, and alarm
relays.

[0037] Various embodiments of a self-contained automatic
battery charging system include an electronic printed circuit
board assembly called a power board. AC imput circuitry 1s
the first power processing stage, which 1s a Power Factor
Corrected (PFC) converter employing a high-frequency 1so-
lation transformer. The output of the converter 1s applied to
a second high frequency switchmode converter, which prop-
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erly regulates and filters output voltage and limits the output
current for application to the battery and optional parallel-
connected DC load. A microprocessor-controlled semicon-
ductor switch 1s placed i1n the output circuit for reverse
polarity protection.

[0038] The power board has many components, each with
a specific purpose 1n enabling operation of the battery
charger. FIG. 1 1llustrates a layout of self-contained auto-
matic battery charging system power board 100, according
to one embodiment, and FIG. 2 1s block diagram of seli-
contained automatic battery charging system power board
100, according to one embodiment. AC input wiring 1s used
to connect an AC power source to mput connections 102 of
the battery charger to allow AC power to flow into the
device. On power board 100, input connector 102 may have
a feature (such as on the printed circuit board itself) to allow
any one of two or more different configurations of connec-
tors to be installed into holes in the printed circuit board.
First high frequency switchmode converter 104 1s used to
convert the AC mput mto DC output. Converter 104 uses
high frequency 1solation transformer 106 to provide electri-
cal 1solation between the primary circuitry (AC to DC
conversion circuitry of power board 100) and secondary
circuitry (control and other feature circuitry of power board
100 and/or of the accessory board discussed below). First
switchmode converter 104 may also include filter capacitors
107, and other electrical components.

[0039] DC output from the 1solation transformer 1s con-
nected to an mput of second high frequency switchmode
converter 108, which 1s used to regulate the output voltage
and limit the output current of the battery charger. In one
embodiment, second high frequency switchmode converter
108 may function to regulate output voltage 1n facilitating a
battery-life-extension charging system and method or
regime, as discussed below in relation of FIGS. 11-13.
Output connections 110 are provided on power board 100
for DC output wiring used to connect the battery or other
electrical storage device that i1s to be charged and/or an
optional parallel-connected DC load to be powered. In
accordance with various embodiments of the self-contained
automatic battery charging systems and methods described
herein, precision voltage regulation may be enabled by
placement of a sense point right at the output terminals,

software compensation for voltage drop due to current,
and/or the like.

[0040] Various embodiments may employ input current
inrush limiting to prevent AC fuses from blowing and or
circuit breakers from tripping, and may employ a perma-
nently installed DC fuse, which will only open 1n case of
component failure on power board 100.

[0041] Various embodiments of the present self-contained
automatic battery charging systems and methods may
employ active power factor correction. The input AC voltage
waveform 1s sinusoidal. Active circuitry in first high fre-
quency switchmode converter 104 1s used 1n such embodi-
ments to control the amount of electric current flowing 1nto
the battery charger’s input circuitry such that 1t 1s also
sinusoidal, and 1n-phase with the iput voltage waveform.

[0042] The present multi-stage design (such as the 1llus-
trated embodiment two-stage, first-to-second high-fre-
quency switchmode converter design) permits use of eflec-
tive combinations, and optimization of, characteristics that
cannot be accomplished 1n a single-stage design, such as
power factor correction, plus low-ripple, etc. Embodiments
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of the present systems and methods may: employ single or
multi-phase AC input; the electrical power source may be
AC, DC or dual AC/DC; and, output may be provided to one
or more batteries, different electrical storage devices, and/or
one or more non-battery loads.

[0043] In various embodiments of the self-contained auto-
matic battery charging systems and methods, various system
protections may be built-in on power board 100, such as
protection against DC short circuit, reverse DC polarity, and
over current. A shorted battery cell can keep charge current
at maximum. The resulting chronic overcharge can cause all
battery cells to generate significant gas, creating a safety
hazard. Hence, 1f an over current i1s detected for a long
period of time, the system may perform a restart, such as by
pausing for a pre-determined time interval, such as, by way
of example, five seconds. If that fails, system embodiments
may lock-out 1n a fault mode. This feature has the potential
to appropriately disable the charger in case of a shorted
battery cell. Such embodiment protections might include
reverse polarity protection, provided for power supply and
for output voltage sense signals.

[0044] Further protections that may be built-in on power
board 100 1n various embodiments of the self-contained
automatic battery charging systems and methods may
include load dump (disconnection of battery) protection,
wherein the system may become a voltage source and
regulate 1ts output to a set of defined voltage levels such as,
for example, a float voltage or a boost voltage. With respect
to overvoltage, embodiments can, by way of example,
withstand up to forty-volt input on DC connections 110.
System embodiments may shut down 1f overvoltage 1s
detected. This may vary with DC output selection. Over-
voltage protection may have three features: shutdown 1s
selective, meaning shutdown only occurs 1f overvoltage 1s
self-induced; the shutdown values differs whether the char-
ger 1s 1n twelve-volt versus twenty-four volt mode; and the
shutdown value may be set by the charger itself, if the
charger sets its output voltage mode automatically.

[0045] Thus, 1n accordance with various embodiments of
the present self-contained automatic battery charging sys-
tems and methods, the system 1s digitally controlled with
various adjustable set points. The present self-contained
battery charging system may eliminate all mechanical
switches and potentiometers, because these are more prone
to failure than the electronic components such as control
circuitry 117, microprocessor 114 and jumpers 116
employed 1n the present self-contained battery charging
system embodiments.

[0046] Embodiment protections bwlt into power board
100 with respect to thermal self-protection may include
system protection from overheating and reducing output
power to allow internal parts to stay within a safe operating
range. With respect to loss of AC power, when AC power
loss 1s detected in various embodiments the system power
board may lock-out for a minimum of, by way of example,
five seconds before returning to idle, then 1t may restart
automatic boost charge or go 1nto float charge mode.

[0047] Embodiments of the self-contamned automatic bat-
tery charging systems and methods may make use of com-
binations of latching and non-latching relays to achieve
proper behavior 1n all conditions, including no-power con-
ditions and to minimize power consumption. Components
may be highly integrated (such as on a single Printed Circuit
Assembly (PCA) and/or within a single enclosure) or dis-
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tributed (such as on multiple PCAs, and/or 1in multiple
enclosures, separated by distance), each providing advan-
tages for specific applications.

[0048] Hence, various embodiments of a self-contained
automatic battery charging system may also contain another
electronic printed circuit board assembly referred to herein
as an accessory board, which 1s electrically connected to
power board 100, via accessory board connector 206 and 1s
housed 1n a same chassis or enclosure, along with the power
board, as discussed 1n greater detail below. FIG. 3 1llustrates
layout of self-contained automatic battery charging system
accessory board 300, according to one embodiment, and
FIG. 4 1s a block diagram of self-contained automatic battery
charging system accessory board 300, according to one
embodiment. Accessory board 300 may be electrically con-
nected to power board 100 via power board connector and
associated interface 301. Additional features and functions
in a self-contained automatic battery charging system that
contains accessory board 300 might, 1n accordance with
various embodiments, include LCD display 302, one or
more alarm output relays 304, and/or a CANbus interface
306. The accessory board also may also have LED status
indicators 308 and 310 that can be used to either duplicate
the function of LEDs 118 and 120 located on power board

100 or deliver difterent functions.

[0049] In one embodiment, in the event of low battery
voltage and/or short circuit the system embodiments may
charge the battery at a low current (for example 0.75 Ato 1
A) until the battery reaches a threshold voltage (for example
5 VDC), at which point the current will be increased to the
maximum allowed current. At a regular interval (for
example every 15 seconds) the charger may deliver more
current, so that a resistive load or other load would show an
increased voltage. As a satety measure, the charger may shut
down and lock off after five minutes of operation (or a
different pre-determined time interval) 1f DC voltage does
not exceed a pre-determined safe value. When this happens
LCD-equipped chargers display “Low battery voltage,”
“Charger fail” and/or the like on an alarm display screen.
This shutdown prevents long-term overcharge of the battery
in case of mismatched battery voltage and charger voltage
settings. A charger that 1s locked out due to battery mismatch
can, 1n accordance with various embodiments of the present
systems and methods, be reset manually.

[0050] In accordance with various embodiments, the pres-
ent self-contained automatic battery charging systems and
methods may detect a mismatch when the charger 1s set for
a twenty-four volt battery and 1s connected to a twelve-volt
battery. In such a case, the charger may shut down and lock
ofl after a pre-determined time interval of operation (such as
five minutes) 1f DC voltage does not exceed a pre-deter-
mined value within the normal operating range for a twenty-
four volt battery. When this happens LCD-equipped char-
gers may display “Low battery voltage,” “Charger fail,”
and/or the like on the alarm display screen. This shutdown
prevents long-term overcharge of, for example, a twelve-
volt battery 1 case of mismatched battery and charger
settings. Again, a charger that 1s locked out due to battery
mismatch may be reset manually. This may be done by
removing and replacing any one of a number of charger
adjustment jumpers 116 on power board 100.

[0051] In accordance with various embodiments, the pres-
ent self-contained automatic battery charging systems and
methods may detect a mismatch when a charger set for a

Dec. 29, 2016

twelve-volt battery 1s connected to a twenty-four volt bat-
tery. When a charger set for twelve-volt output detects a
battery higher than a predetermined voltage, such as by way
of example eighteen volts, the charger shuts down and locks
ofl. When this happens LCD-equipped chargers will display
“High battery voltage,” “Charger fail,” or the like on the
alarm display screen. The charger may be restarted manu-
ally, such as by removing and replacing any one of the
charger adjustment jumpers.

[0052] Calibration of the present systems may be carried
out using hardware and/or software. Software-only calibra-
tion may have certain advantages. Software calibration may
allow for automation during production, eliminate reliability
1ssues of potentiometers, and/or the like. In accordance with
various embodiments software parameters may be arranged
in non-volatile memory, including both protected (e.g. serial
number, calibration) and non-protected (e.g. output voltage)
values. Embodiments of the self-contained automatic battery
charging systems may be dual-configurable, 1.e. software,
jumper or combination configurable. Software messages for
LCD display 302 may be configurable for multiple lan-
guages. LED messages may be coded using color, on/off
duration, pulse control (including pulse count), intensity or
combinations thereof to provide a compact, low-cost, high-
reliability user interface, 1n accordance with various
embodiments. Redundant LEDs can be disabled to conserve
power.

[0053] Embodiments of the self-contamned automatic bat-
tery charging systems and methods include an ability to
communicate for setup and configuration, which may be
over power board communication port 121 or a separate
accessory board communication port 314. In some embodi-
ments such communication may use proprietary implemen-
tations, so as to prevent unintended access to critical param-
eters. The communication port(s) may use any interface
method (wired, wireless radio, infrared/optical, inductive)
and any format/protocol. Some embodiments may specifi-
cally use a wired serial port with proprietary binary protocol
for low-cost/simplicity.

[0054] A setup/configuration program may be provided to
communicate with the charger, and 1t may be considered part
of various embodiments of the overall system. The program
might be run on any suitable device such as a smart phone,
a general-purpose computer, or a special-purpose computing
device. The program allows a user to set parameters, one at
a time, 1n groups or in a single all-inclusive set. The user
may save configuration parameters in a file for later re-use
or editing. This permits easy mass commissioning or retrofit
of chargers with 1dentical parameters. The program allows a
user to field-upgrade charger firmware. Capability may be
provided 1n various embodiments to load pre-defined bat-
tery-specific files containing data on battery attributes and
other parameters. In accordance with various embodiments
incremental improvements or adjustments to the perfor-
mance of the present self-contained automatic battery charg-
ing systems may be made by revising the firmware, without
making any changes to the hardware. Such changes 1n the
behavior or performance of the battery charger may be
associated with performance, efliciency and protection func-
tions.

[0055] Also, in accordance with various embodiments of
the present systems and methods, charging mode selection
may allow selection of either battery charging mode or
ultracapacitor and/or supercapacitor charging mode.
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Thereby, a capability may be provided 1n various embodi-
ments to load pre-defined ultracapacitor and/or supercapaci-
tor specific files containing data on specific ultracapacitor
and/or supercapacitor model attributes and other parameters.
In ultracapacitor and/or supercapacitor mode, different con-
trol rules and protective systems and methods may enable
the charger to operate sately for long periods at voltages well
below the nominal voltage of the storage device being
charged

[0056] In various embodiments, a software communica-
tion library that 1s application-independent underlies setup/
configuration communications. In some implementations
this 1s a dynamically linked library (e.g. .dll or other data
item) for easy application integration and updates. Such a
standardized communication library can be used in conjunc-
tion with more than one model of charger and with more
than one software application. Such a common code base
reduces development and maintenance etlort.

[0057] Embodiments of the device may implement SAE
11939, such as on accessory board 300, or elsewhere.
CANbus 1s an electrical specification for an interface and
11939 1s a specific implementation of a communication
protocol. Embodiments optionally implement not only those
functions required by SAE J1939, but also charger-specific
functions permitted by, but not defined 1n, J1939. Embodi-
ment definitions for charger-specific functions which,
among other things, permit a user of the charger to 1mple-
ment NFPA-110-compliant interface 306 using information
obtained via J1939 without the additional hardware cost and
wiring associated with dedicated meters and alarm relays in
prior 1implementations. Various embodiments of the seli-
contained automatic battery charging systems and methods

may support communication protocols other than SAE
J1939, such as Modbus ASCII, Modbus RTU, Modbus
TCP/IP, etc.

[0058] Correspondingly, various embodiments of the seli-

contained automatic battery charging systems and methods
may support interfaces other than CAN, such as RS485,
Ethernet 10-base-T, Ethernet 100-base-T, etc.

[0059] For temperature sensing, embodiments of the
device have the capability to use one or more sensors, and
the ability to manage using local or remote sensors, com-
municating via J1939 CANbus interface 306, or the like.

[0060] With respect to customer connected logic and
power signals, these may be filtered 1n certain embodiments.
Logic signals attached to any connector or configuration
header may have an ESD protection device. Embodiment
CANbus signals may have a jumper-selected termination
network. The terminator may use split resistance with a
bypass capacitor to the common reference, providing both
differential-mode termination for CAN data and common-
mode termination to improve EMI rejection. Unlike existing
chargers, the CANbus termination 1s easily disconnected for
installations 1n the middle of the bus, or where an external
terminator already exists, situations that occur often. A CAN
Charger Select configuration jumper, in embodiments,
selects the J1939 charger function, which may be either
BCH]1 (charger for “main” battery”) or BCH2 (charger for
“auxiliary” battery). If no jumper 1s present the default
action may be to disable the CANbus interface, but OEMs
(Orniginal Equipment Manufacturers) can select BCHI1 or
BCH2 as the detault (for “qumperless” operation, similar to
the power board).
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[0061] Embodiment accessory board processor 316 may
include program ROM, data RAM, data EEPROM, multi-
channel analog to digital converter, CANbus controller, dual
serial ports (UARTS, used for power board and setup tool
interfaces), I°C controller (used for LCD control), several
timers, and system clock function. The processor clock may
be set by a crystal to meet J1939 tolerance requirements.
Processor outputs may use pull-up or pull-down resistors to
hold the signals 1n their mactive state during power-on reset
and while the processor 1nitializes the 1/0O ports. The 1llus-
trated embodiment CANbus transceiver may use five-volt
power supply 318 to meet the CAN specifications. Power
supply 318 may include a boost converter that raises the
3.3V power supply to 5.0V, for use by the CANbus trans-
ceiver, alarm relays, and the LCD backlight LEDs. When the
CAN bus 1s not used, the transceiver can be disabled to

reduce power-ofl battery drain. The CANbus interface oper-
ates at 250 KBaud, the standard J1939 data rate. Alternate

CANbus data rates (62.5K, 125K, 500K or 1 MBaud) are
within the interface’s electrical capability, and can be
selected, such as by custom setup using the setup tool, in
embodiments where software 1s capable of maintaining such
data rates.

[0062] The embodiments shown 1n FIGS. 3 and 4 may use
four alarm relays 304, with each relay providing one form
“C” contact set for i1ts alarm condition. In addition to the
individual contacts, a second set of contacts on two of the
relays may be, as illustrated, wired to provide an “Output”
alarm, providing, by way of example, a single alarm contact
function that may be used for emergency power supply
systems, fire pump charger applications, and the like. These
contacts may be in a “FAIL” state when the charger output
malfunctions for any reason, and 1n an “OK” state when the
charger 1s operating normally. To minimize power-oil bat-
tery drain in various embodiments, three of the relays may
be latching relays, so they do not require continuous coil
power. One relay may be non-latching so that 1t switches to
FAIL when power 1s absent; i1t 1s also commanded to the
FAIL state when AC failure occurs, so that 1ts coil power will
not increase power-oil battery drain.

[0063] In the embodiments shown i FIGS. 3 and 4, the
front panel display, the primary display, may be a character-
mode LCD (302). This display uses an I°C serial interface,
reducing the number of 10 (Input/Output) lines dedicated to
the display. The display has a hardware-reset signal driven
by the processor. There 1s a pull-down resistor to hold the
display in reset until the processor asserts control over the
signal. This assures the display remains “clean” during
power-on and power-oil transitions. Various embodiment
displays have a white LED back-light. The backlight may be
switched under processor control. Embodiment displays also
have two multi-color LEDs, duplicating the function of (an)
LED(s) on power board 100 and/or that deliver functions 1n

addition to those provided by LEDs located on power board
100.

[0064] The embodiments shown in FIGS. 3 and 4 may
employ analog signal conditioning, both analog sense chan-
nels from power board 100, SHUNT and VSENSE, have a

differential bufler amplifier to scale the ADC sense signal
and to reduce the eflect of DC oflset voltage between
accessory board 300 and power board 100. In addition to
these two signals from power board 100, to be shown on
display 302 and reported via the CANbus, there are voltage
dividers for accessory board power supplies, in various
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embodiments. The ADC readings from these channels are
used for self-test of the accessory board. If both readings are
within their expected range, the system can confirm that the
power supply, reference voltage generator and the proces-
sor’s ADC are functioning properly.

[0065] Embodiments of the present self-contained auto-
matic battery charging systems are capable of charging a
“zero volt battery”. The term *““zero volt battery™ refers to a
battery which has been deeply discharged and therefore the
voltage across the battery terminals 1s very low, and can be
described as being nearly “zero volts”. Unless a battery
charger 1s specifically designed to detect and charge a zero
volt battery, the battery charger may not function for several
reasons, possibly including because the charger derives its
control power only from battery voltage, or because the
charger mistakes the zero volt battery for a short circuit and
does not start as a safety measure. Embodiments of the
present self-contained automatic battery charging systems
are capable of operating their “housekeeping supply” either
from battery power or from AC iput power. Existing
devices typically are operated only from DC battery power
and therefore cannot function 1t the DC battery 1s not
connected and/or when connected to a zero volt battery.

[0066] Embodiments of the present systems and methods
may meet multiple regulatory standards in multiple juris-
dictions, UL, C/UL, CE, IBC, NFPA, OSHPD, Califorma
elliciency, and/or the like. For California efliciency, embodi-
ments of the present systems and methods may implement
adaptive control to comply, are able to track time history of
energy consumption to meet time-based requirements, and/
or the like. Embodiments of the present seli-contained
automatic battery charging systems work with ungrounded,
negative grounded, or positive grounded DC systems.

[0067] FIGS. 5 and 6 1llustrate front perspective views of
one embodiment of a self-contained automatic battery
charging system 500 utilizing a combination chassis and
heat sink 502, according to some embodiments. Embodi-
ments of the present self-contained automatic battery charg-
ing system 500 utilizes a combination chassis and heat sink
design such that aluminum chassis 502 may provide both
structural mounting for end user electrical connections 504
and 506, an end user and agency compliant safety enclosure,
and the surface area needed for thermal dissipation through
natural convection cooling. Thermal output from electrical
components 1s dissipated through conduction directly into
the chassis walls 502, while the components are kept elec-
trically 1solated using a high dielectric and low thermal
resistance film i1nterface. In accordance with various
embodiments, the combination chassis/heat sink eliminates
need to cool the power components individually with forced
air fan cooling, or the like.

[0068] As noted, embodiments of a self-contained battery
charging system may or may not include an accessory board,
and may or may not include an enclosure for outdoor use.
Thus one “mimimum” embodiment of the present seli-
contained automatic battery charging system comprises only
a power board, mounted 1n a chassis (for indoor, or other-
wise protected, use).

[0069] However, some embodiments may have a weather-
resistant enclosure. FIGS. 7 and 8 illustrate respective
perspective and front views of seli-contained automatic
battery charging system 700 having weather-resistant enclo-
sure. In various embodiments enclosure 1s vented (704), yet
provides for a high degree of protection from water 1ngress
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by virtue of the location and orientation of vents 704 and use
ol a rear mounting surface to prevent direct ingress of water
or particles. Thus, enclosure provides a high degree of
protection from water ingress without the use of gaskets or
seals on removable cover 706. This 1s accomplished by the
profile shape of the cover as 1t mates with base enclosure and
overhang 710 of the top of the enclosure. The enclosure
provides a minimum footprint by virtue of the location of
bottom-entry wiring openings 712 and inboard location of
mounting holes.

[0070] A local Remote Temperature Sensing (RTS) sensor
may be located, such as by way of example, at incoming air
vent 704 to minimize effects of self-heating, in accordance
with various embodiments of the present selif-contained
automatic battery charging systems and methods. Remote
temperature compensation may be provided by the remote
sensor, through connection to a temperature compensation
port on power board 100 and/or accessory board 300.
Automatic protection of the temperature compensation sys-
tem from going to out-of-range values due to shorted or open
sensor may also be a feature of various embodiments.
Additionally, embodiments of the self-contained automatic
battery charging systems may have fault-tolerant (for shorts
or opens) remote temperature sensor iput. An alarm sum-
mary output may be provided by an internal connection
scheme that eliminates the need for a separate summary
relay or external user wiring and logic.

[0071] FIG. 9 illustrates an embodiment of heat sink clip
900, which includes anti-rotation element 902 to speed
assembly and reduce production costs. Clip 900 1s designed
so that a single clip design can clamp a variety of electronic
packages, thus eliminating the need for multiple clip types
and reducing production costs. In accordance with various
embodiments of the present systems and methods, anti-
rotation element 902 comprises cut-out corner 904, and peg
906, or the like, pressed into chassis 908. Clips 900 may
facilitate mounting of main power board 100 as shown 1n
FIG. 10, which 1s a generally cross-sectional, fragmented
view of self-contained automatic battery charging system
1000, according to one embodiment.

[0072] Regardless of whether an employed embodiment
of the present charger 1s chassis-mounted our mounted in an
enclosure, during installation, a self-contained battery charg-
ing system may be mounted on a flat vertical surface such as
a wall, or a panel, bracket or the like on machinery, such as
a generator set. The charger may be mounted using fasteners
such as screws or bolts. With electric power turned off, AC
input wiring 1s attached to the AC nput terminal block or
connector. Without a battery connected, DC output wiring 1s
attached to the DC output terminal block. The user selects
and places the configuration jumpers 1n the correct jumper
positions. A battery of the correct type, voltage, and polarity
1s connected. AC power 1s turned on and the user verifies
correct operation of the battery charger. If the optional
accessory board i1s present, the user may also connect a
CANDbus 1interface cable and individual wires to the alarm
relay outputs as required for the application.

[0073] In accordance with various embodiments many
different components or substitute parts can be used 1n the
present self-contained automatic battery charging systems.
Transformers from different manufacturers, Field Eflect
Transistors (FETSs), capacitors, resistors, itegrated circuits,
diodes, inductors, and other discrete board-mounted elec-
tronic components may be “second sourced” or substituted.
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Embodiments of the present self-contained automatic bat-
tery charging systems may contain many critical compo-
nents, for electrical performance, mechanical performance,
thermal management, and proper operation of the firmware
and digital interfaces. Typical materials used 1n commercial
electronic products are used in the self-contained battery
charging system; include copper, aluminum, steel, plastics,
dielectric materials, semiconductor materials, etc.

[0074] Embodiments of the present self-contained battery
charging system could be used as a power supply, such as
with no battery connected. In such embodiments, functions
such as precision voltage regulation, alarm circuitry, reverse
polarity protection and other protective systems might not
necessarlly be needed, but they would not interfere with
normal operation of the umit 1f employed as a power supply
without a battery.

[0075] If the accessory board 1s not included the resulting
self-contained automatic battery charging system embodi-
ments are capable of charging a battery, however, some
features may not be present such as alarm relay outputs,
LCD display, and the like. Hence, in accordance with
various embodiments certain functions of a self-contained
automatic battery charging system may be eliminated such
as active power factor correction, zero volt battery charging,
temperature compensation, reverse polarity protection, ther-
mal protection, and/or surge protection, separate from and
without taking away from other remaining features. Further
alternative embodiments might always operate only at
twelve volts or only at twenty-four volts and not be user
selectable between twelve-volt or twenty-four volt opera-
tion.

Battery-Life-Extension Charging

[0076] When flooded lead-acid starting, lighting, and 1gni-
tion batteries (SLI batteries) are continuously float charged
as required by emergency generator and diesel fire pump
regulations, as discussed above 1n the Background section,
the duration of battery charging (i.e., round-the-clock bat-
tery charging) greatly exceeds the short daily charging time
anticipated by SLI battery designers. That 1s, SLI batteries
are optimized for their most common applications, which
generally mvolve delivering high current to start cars,
trucks, ofl-road vehicles, and other mobile and/or heavy
equipment. In these common applications, the SLI batteries
are only charged when the machine’s engine 1s running,
which typically lasts only a fraction of each day. In these
circumstances, the materials composing the SLI batteries
tend to fail in a gradual manner at the same rate, and nearly
all components of the battery tend to fail around the same
time.

[0077] Vehicle charging systems typically recharge the
SLI battery by employing a belt-driven alternator, which
runs a few hours each day when the vehicle/machine 1s in
operation. Although this 1s the charging scheme for which
SLLI batteries are designed, the intermittent, alternator
approach 1s not effective 1n emergency generator or diesel
fire pump applications. First, regulations mandate that emer-
gency generator and fire pump SLI batteries be recharged
quickly after complete discharge. This requires a high
“boost” voltage, discussed above, that 1s higher than that
available from vehicle alternators. Second, various regula-
tory bodies require that SLI batteries used in these applica-
tions be charged at all times using a “tloat” charging regime.
A charging scheme that emulates vehicle charging would
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shut down the battery charger for much of the time, therefore
allowing the battery to lose charge and violating regulatory
requirements. Third, some emergency generators employ
DC-powered auxiliary equipment that draws DC power
from the battery constantly, and these power needs would
not be met with intermittent charging.

[0078] While intermittent charging 1s mnsuflicient for SLI
batteries employed 1n emergency generator and/or diesel fire
pump applications, around-the-clock charging, such as the
continuous float charging required for such batteries, 1s also
inadequate. Specifically, continuous float charging consid-
erably shortens the life of the separator materials commonly
used 1n flooded lead-acid SLI batteries to a shorter interval
than battery designers intended and a shorter interval than
the life of the other materials in the battery.

[0079] By way of explanation, battery separators separate
the positive and negative electrodes of a battery’s galvanic
cell. The separator must serve over a long period of time to
physically separate the electrodes without excessive hin-
drance to 1onic current flows. In the hostile environment of
a lead-acid battery, which exposes the separator to sulfuric
acid and strong oxidizing species such as lead dioxide or
nascent oxygen, only a few substances are stable over the
expected life of the battery. These substances include pri-
marily silica, glass fibers, a few salts, and a few synthetics.
Polyethylene 1s generally the selected material 1n most
flooded lead-acid SLI batteries. All organic separator mate-
rials, including polyethylene, will decompose and, via sev-
eral intermediate steps, oxidize to carbon dioxide and water
over time. This oxidation leads to separator failure.

[0080] The amount of electric charge output to the battery,
and 1n particular overcharge, accelerates the oxidation pro-
cess, and thus accelerates failure of the battery separator. As
a result, the continuous float charging mandated for SLI
batteries powering emergency generators and diesel fire
pumps leads to greatly accelerated separator oxidation (e.g.,
polyethylene oxidation), causing the SLI battery separator to
fail long before other battery components and the entire
battery to fail significantly sooner than SLI batteries
employed 1n the more common applications, such as starting
vehicle and heavy machinery engines, which are subject to
the 1intermittent charging for which they were designed.

[0081] In addition to a shorter useful life, separator failure
1s sometimes catastrophic because failed separators enable
short circuits between the positive and negative electrodes.
A large short-circuit current flowing between electrodes may
lead to battery explosion and subsequent release into the
environment of flammable hydrogen gas, corrosive sulfuric
acid electrolyte, and toxic lead metal and lead-bearing
compounds.

[0082] Thus, there exists a need for battery-life-extension
charging systems and methods that fulfill the regulatory
requirements mandating continuous charging of SLI batter-
iles employed in emergency generator and/or diesel fire
pump applications, and that reduce the rate at which poly-
ethylene and other organic separators sufler oxidation deg-
radation, thereby extending separator life to meet or exceed
the life of the remaining SLI battery components and
reducing the frequency of premature and catastrophic bat-
tery failures. Embodiments of the present battery-life-exten-
sion charging systems and methods mitigate the life-reduc-
ing effect on lead-acid SLI batteries that 1s caused by
continuous “float” battery charging, and also provide the
ability to continuously maintain the battery i a fully
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charged state, and able to power auxiliary loads connected to
the battery. As will be explained below, the systems and
methods disclosed herein also reduce the overall amount of
continuous current the battery charger sends to the battery,
thus reducing the long-term electrical power consumption of
the battery charger and, as a result, reducing operating
expenses.

[0083] FIG. 11 illustrates a functional block diagram of
one embodiment of a battery-life-extension charger 1100. In
this embodiment, charger 1100 may receive AC input cur-
rent/power 1104 from any appropriate AC power source. AC
input current 1104 may be converted to DC current/power
using a transformer/converter 1102 and related circuitry
(e.g., switchmode converters 104, 108 of FIG. 1). Charger
1100 may also include monitoring and control circuitry
1114, which may incorporate a current sensor 1116, a charge
control system 1118, and a timing component 1120, such as
a timer or timers, a clock or clocks, our one or more
counters. In this embodiment, charge control system 1118

may include one or more microprocessors, microcontrollers,
Application Specific Integrated Circuits (ASICs), and/or the
like.

[0084] Depending on its state of charge, a battery will
accept more or less current from a battery charger that i1s
producing a regulated preset DC output voltage. Thus, for a
battery charger that 1s operating at a set output voltage, a
battery will typically draw more current when it 1s 1n a
discharged state as compared to the current 1t will draw 1n a
tully-charged state at that constant output voltage. Regard-
less of the battery’s state of charge, the battery will typically
draw more current when the battery charger 1s set to a higher
output voltage as compared to when the battery charger 1s set
to a lower output voltage. With this relationship 1n mind,
current sensor 1116 may be configured to measure a DC
output current/power 1122 being delivered by charger 1100
to a DC load, which, in this embodiment, may be a flooded
lead-acid SLI battery 1126, another electronic device requir-
ing charging, and/or a DC auxihiary load (e.g., DC-powered
auxiliary equipment that draws constant DC power from the
battery). Current sensor 1116 may provide charge measure-
ments in the form of DC output current/power data (1.e., the
current/power that 1s drawn or demanded by the battery) to
charge control system 1118. Timing component 1120 may
similarly provide time measurements/timing data to charge
control system 1118, which may, in turn, use the charge
measurements and time measurements transmitted from
current sensor 1116 and timing component 1120, respec-
tively, as components of a feedback loop used to regulate the
DC output voltage via a voltage regulator 1124.

[0085] In this regard, charge control system 1118 may
employ the present battery-life-extension methods to pro-
vide at least four pre-set DC output voltage settings, which
regulate the charge delivered to the battery/DC load by
regulating the voltage difference between the charger and the
battery, thereby impacting the DC output current/power
1122 delivered to the battery/DC load. In one embodiment,
the four pre-set output voltage settings may include an
eco-tloat output voltage 1106 (V..), a float output voltage
1108 (V ), a refresh output voltage 1110 (V ), and a boost
output voltage 1112 (V).

[0086] Float voltage 1108 may be an output voltage sui-
ficient to maintain the battery in 1ts fully charged state by
replenishing charge at the same rate the battery self-dis-
charges (e.g., 13.3 to 13.8 volts for a 12-volt battery). As
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discussed above, while continuous float charging 1s com-
monly employed to no 1ill effect with stationary batteries
designed for continuous float charging, continuous tloat
charging causes damage to the polyethylene separators
employed 1n most flooded lead-acid SLI batteries.

[0087] Eco-float output voltage 1106 may be an output
voltage that 1s equal to or nominally higher than an open-
circuit voltage of battery 1126 (e.g., 12.8 to 13.0 volts for a
12-volt battery). Thus, when charger 1100 operates 1n an
eco-tloat mode, battery charging voltage i1s reduced to
approximately battery open-circuit voltage. Eco-float output
voltage 1106 may be maintained for approximately 90-99%
of the time that the battery formerly would have been
charged on continuous float voltage 1108, resulting 1n long
reduced-voltage periods that prolong the life of the battery
separator.

[0088] Boost output voltage 1112 may be a relatively high
output voltage (e.g., 15.5 volts for a 12-volt battery) that
accelerates battery charging either initially or after a dis-
charge event by temporarily increasing the voltage differ-
ence between charger 1100 and battery 1126 such that
charger 1100 delivers more output current 1122 to battery
1126 than charger 1100 would deliver at tfloat output voltage

1108.

[0089] Refresh output voltage 1110 may be an output
voltage that 1s higher than float output voltage 1108, but
lower than boost output voltage 1112 (e.g., 14.0 to 14.2 volts
for a 12-volt battery). In one embodiment, refresh output
voltage 1110 may be derived as a function of float output
voltage 1108 and boost output voltage 1112.

[0090] While exemplary output voltages have been quan-
tified above, each of eco-float output voltage 1106 (V ..),
float output voltage 1108 (V ), refresh output voltage 1110
(V ), and boost output voltage 1112 (V) may be scaled as
appropriate for the size of the flooded lead-acid SLI battery
being charged (e.g., 12 volt, 24 volt, 48 volt, 120 volt, 240
volt). In addition, monitoring and control circuitry 1114 may
include temperature components that enable charge control
system 1118 to provide temperature compensation, which
incrementally increases output voltage at lower ambient
temperatures and incrementally decreases output voltage at
higher ambient temperatures to adequately charge but not
overcharge battery 1126. Temperature compensation may
apply regardless of the particular set output voltage.

[0091] FIG. 12 graphically illustrates an exemplary bat-
tery-life-extension charging cycle for battery 1126, which
has either never been charged or has been deeply discharged.
In this embodiment, charging begins at T, when charger
1100 starts operation 1n a boost charge mode at boost output
voltage 1112 (V). Charger 1100 may maintain boost output
voltage 1112 (V ), delivering up to 15.5 volts until battery
1126 1s nearly fully charged at T,. Depending on an initial
depth of discharge and other field conditions, the time
between T, and T, may range from a few minutes to more
than twenty-four hours.

[0092] At T,, charge control system 1118 may cause a
shift to a float charge mode at float output voltage 1108 (V ),
based on output current 1122 drawn by battery 1126, as
measured by current sensor 1116. In one embodiment, float
charge mode may deliver approximately 13.5 output volts
and be maintained for a predefined duration governed by
timing component 1120 between T, and T,.

[0093] A number of alternatives may be implemented. For
example, charger 1100 may start at T, 1n a float charge mode
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at float output voltage 1108 (V) or a refresh charge mode
at refresh output voltage 1110 (V). Charger 1100 may shaft
at T, 1nto eco-tloat charge mode at eco-tloat output voltage
1106 (V ..) or refresh charge mode at refresh output voltage

1110 (V).

[0094] In the example of FIG. 12, when the float charge
mode ends at T, charger 1100 may transition to the eco-float
charge mode at eco-tloat output voltage 1106 (V ..), where
it may remain for a programmable time between T, and T,.
In one embodiment, charger 1100 may deliver 12.9 volts 1n
eco-tloat mode for approximately 96 hours between T; and
T,. It the eco-float charging cycle 1s interrupted at any point
by an AC outage, charger 1100 may either start the overall
charging cycle again at T, or resume operation in the
eco-float charge mode at eco-float output voltage 1106
(V). If the eco-float charging cycle 1s interrupted at any
point by a battery discharge event sutlicient to cause charger
1100 to deliver a material percentage of its rated output
current 1122 to battery 1126, charger 1100 may enter the
boost charge mode at boost output voltage 1112 (V) for a
period governed by charge control system 1118 and timing
component 1120, so as to quickly recharge the battery 1126.

[0095] If the eco-float charging cycle 1s not interrupted,
the eco-float time period may expire at T,, after which
charger 1100 may transition to the refresh charge mode at
refresh output voltage 1110 (VR) for a short programmable
time between T, and T.. In one embodiment, charger 1100
may deliver up to 14.2 volts for just less than one hour
between T, and T. If the refresh charge cycle 1s interrupted
by an AC supply outage or a battery discharge event, charger
1100 may either revert to T, or resume operation 1n the
active charge mode at the time of the outage, depending on
an existing charge status of battery 1100 after the discharge
event (1.e., depending on charging output current 1122
delivered to battery 1126). If there 1s no interruption, charger
1100 may return or revert to eco-tfloat charge mode at T,
where 1t may remain for approximately 96 additional hours
until T6, at which point it may shiit to refresh charge mode
again for just under one hour. Charger 1100 may alternate
between timed intervals 1n the eco-float and refresh charge
modes until there 1s an interruption due to an AC failure or
a battery discharge event, in which case, charger 1100 may
revert to 1.

[0096] In one embodiment, a charge-mode ratio of time 1n
eco-float charge mode to refresh charge mode may be
between 90:10 and 99:1, though this ratio may vary based on
the frequency of battery discharge events. The ratio of
eco-float charge mode to any other voltage charge mode may
be adjusted using any numerical multiplier. For example, 1
an initial ratio of time in eco-tfloat charge mode to refresh
charge mode of 99:1 1s employed, and later 1t 1s found that
a ratio of 90:10 offers superior results, the ratio may be
adjusted accordingly. Adjusting the ratio of time 1n one
charge mode versus another does not impact the functional
aspects of the battery-life-extension systems and methods.

[0097] The battery-life-extension charging cycle shown 1n
FIG. 12 reduces battery charging voltage to approximately
battery open-circuit voltage (1.e., eco-float output voltage
1106) for approximately 90% to 99% of the charging time,
greatly reducing the battery separator oxidation caused by
continuous charging in the float charge mode, preventing
early and sometimes catastrophic battery failures, and reduc-
ing the operating expense associated with maintaining
higher output voltages over time.
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[0098] FIGS. 13A-13B combine to provide a charging-
state flowchart that illustrates an exemplary battery-life-
extension charging method using charging system 1100
(FIG. 11). The method involves four charging modes that
correspond to the different charger output voltages discussed
above: float, eco-float, refresh, and boost. To begin, a state
selection 1s made at 1202, and charger 1100 1s shifted into
float mode at 1204, at which time the output voltage 1s set
to tloat output voltage 1108 (V) at 1206. If output current/
power 1122 drawn/demanded by battery 1126 exceeds a
boost-start threshold at 1208, the operating state may shift
into boost mode at 1210, and the next pass through the state
flowchart may be via a boost mode path, beginning at 1260.
If output current/power 1122 demanded by battery 1126
does not exceed the boost-start threshold at 1208, charger
1100 may remain 1n float mode, and timing component 1120
increments at 1212. If timing component 1120 increments
beyond a pre-programmed time limit for operation 1n float
mode at 1214, charger 1100 may shift state into eco mode at
1216, and the next pass through the state flowchart may be
via an eco mode path, beginning at 1220. If timing compo-
nent 1120 does not increment beyond the pre-programmed
time limit for operation in float mode, charger 1100 may
remain 1n float mode, and the next pass through the state
flowchart will again be through the float mode path, begin-
ning at 1204.

[0099] Charger 1100 operates 1n eco mode, beginning at
1220, after operating in either float mode beginning at 1204
or refresh mode beginning at 1240. Shifting from float mode
into eco mode 1s described above 1n relation to block 1216.
Once 1n eco mode, 1 which the output voltage 1s set to
eco-tloat output voltage 1106 at 1222, i1 the output current/
power 1122 demanded by battery 1126 exceeds the boost-
start threshold at 1224, the operating state of charger 1100
may shift into boost mode at 1226, and the next pass through
the state flowchart may be via the boost mode path, begin-
ning at 1260. If output power 1122 demanded by battery
1126 does not exceed the boost-start threshold at 1224,
charger 1100 may remain 1n eco mode, and timing compo-
nent 1120 increments at 1228. If timing component 1120
increments beyond a pre-programmed time limit for opera-
tion in eco mode at 1230, charger 1100 may shift operating
state into refresh mode at 1232, and the next pass through the
state flowchart may be through the refresh mode path,
beginning at 1240. If timing component 1120 does not
increment beyond the pre-programmed time limit for opera-
tion 1n eco mode, charger 1100 may remain in eco mode, and
the next pass through the state flowchart will again be
through the eco mode path, beginning at 1220.

[0100] Charger 1100 operates 1n refresh mode after char-
ger 1100 has timed out of eco mode. Once 1n refresh mode,
in which output voltage 1s set to refresh output voltage 1110
at 1242, if the output current/power 1122 demanded by
battery 1126 exceeds the boost-start threshold at 1244, the
operating state of charger 1100 may shiit into boost mode at
1246, and the next pass through the state flowchart may be
via the boost mode path, beginning at 1260. If output power
1122 demanded by battery 1126 does not exceed the boost-
start threshold at 1244, charger 1100 may remain in refresh
mode, and timing component 1120 increments at 1248. If
timing component 1120 increments beyond a pre-pro-
grammed time limit for operation 1n refresh mode at 1250,
charger 1100 may shift operating state into eco mode at
1252, and the next pass through the state flowchart may be
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through the eco mode path, beginning at 1220. If timing
component 1120 does not increment beyond the pre-pro-
grammed time limit for operation 1n refresh mode, charger
1100 may remain in refresh mode, and the next pass through
the state flowchart will again be through the refresh mode
path, beginning at 1240.

[0101] Charger 1100 operates 1n boost mode after an
output power 1122 demanded by battery 1126 exceeds the
boost-start threshold when charger 1100 1s operating 1n any
of the other modes at 1208, 1224, or 1244. Shifting into
boost mode, beginning at 1260, from any of the other modes
1s described above. Once 1n boost mode, 1n which the output
voltage 1s set to boost output voltage 1112 at 1262, it the
output current/power 1122 demanded by battery 1126
exceeds the boost-start threshold at 1264, the operating state
remains 1n boost mode. A “dynamic boost counter” of timing,
component 1120 may increment at 1272 to begin computing,
for later use, a maximum time value that charger 1100 may
remain 1 boost mode once the output current 1122
demanded by battery 1126 drops below the boost-start
threshold. Simultaneously, a “boost timer” of timing com-
ponent 1120 may begin incrementing at 1274 for purposes of
limiting a maximum time that charger 1100 may remain 1n
boost mode, regardless of the existing charge status of
battery 1126. If the boost timer exceeds the maximum time
for operation in the boost mode, or a boost time limit, at
1278, the operating state may shift to float mode at 1276, and
the next pass through the state flowchart will be through the
float mode path, beginning at 1204.

[0102] Returning to 1264, if the output current/power
1122 demanded by battery 1126 i1s below the boost-start
threshold at 1264, charger 1100 may remain 1n boost mode.
I the output power 1122 demanded by battery 1126 falls
below a boost-end threshold to remain 1n boost mode at
1266, the “dynamic boost counter” that began incrementing
at 1272 may begin to decrement at 1268 from the maximum
time value it reached after incrementing, as described above.
The next pass through the state flowchart will be through the
boost mode path, beginning at 1260. When the output power
1122 demanded by battery 1126 1s below the boost-end
threshold, and the dynamic boost counter has reached O, or
decremented to a predetermined fraction of the time that the
dynamic boost counter had been incrementing, at 1270, the
operating state may shiit into float mode at 1276. The next
pass through the state flowchart will be through the float
mode path, beginning at 1204.

[0103] While method 1200 1s presented 1n terms of apply-
ing all four output voltages, eco-tloat voltage 1106 (V ..),
float voltage 1108 (V ), refresh voltage 1110 (V ), and/or
boost voltage 1112 (V) in a manner that leverages charge/
power measurements and time measurements to ensure a
continually fully-charged battery 1126, while at the same
time reducing the battery charging voltage to approximately
battery open-circuit voltage (1.e., eco-float output voltage
1106) for approximately 90% to 99% of the charging time,
it should be understood that embodiments of battery-life-
extensions methods and system may exclude one or more of
the pre-set output voltages. For example, charger 1100 may
shift directly from boost charge mode at boost voltage 1112
(V) to eco-tloat charge mode at eco-float voltage 1106
(Vz-). In another example, boost charge mode may be
excluded, such that battery 1126 1s recharged after a dis-
charge event in refresh charge mode.
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[0104] By employing a charging regime that alternates
between eco-tloat output voltage 1106, float output voltage
1108, refresh output voltage 1110, and boost output voltage
1112 at precise times and 1n a manner that maintains battery
1126 1n a fully charged state while reducing battery charging
voltage to approximately battery open-circuit voltage (1.e.,
eco-tloat output voltage 1106) for approximately 90-99% of
the time, embodiments of the battery-life-extension charging
systems and methods emulate the intermittent type of charg-
ing used for SLI batteries installed i vehicles. The disclosed
charging regime charges battery 1126 1n a manner that meets
regulatory requirements mandating the continuous charging
of SLI batteries used to start emergency generators and
diesel-powered fire pumps, while maintaining an advanta-
geous ratio of charging time at the near open-circuit eco-
float battery voltage 1106 (V.,) to time spent at higher

voltages such as float voltage 1108 (V ), refresh voltage
1110 (V,), and/or boost voltage 1112 (V).

[0105] FEmbodiments of the battery-life-extension systems
and methods greatly diminish the separator oxidation caused
by continuous charging at the float voltage and also by
over-charging in general, optimizing battery life and allow-
ing all battery components to fail gradually and at the same
rate. Avoiding separator failure also prevents catastrophic
battery failure caused by short circuits between the positive
and negative electrodes of the battery’s galvanic cell, pro-
viding a safer and more environmentally sound charging
solution. This substantial increase in battery life means that
batteries require less frequent removal and recycling, result-
ing in a replacement cost savings to users. In addition,
because a lower output voltage 1s used to charge the battery
for a majority of the time, there 1s a reduction 1n electrical
power consumed by the charger, and therefore a reduction in
operating costs seen over the charger’s lifetime. Charging
the battery at the lower eco-float output voltage for the
majority of the time also reduces the rate at which the battery
consumes water, which enables longer maintenance inter-
vals 1n batteries with removable vent caps and longer battery
life 1n flooded batteries without vent caps.

[0106] To implement embodiments of the battery-life-
extension methods during charger system operation, a user
may select or deselect a battery-life-extension option using
a graphical user interface (GUI) or a keypad located on an
outer panel of charger 1100 or a power supply system
containing charger 1100. The user may navigate through a
selection menu and use a keypad and/or up and down arrows
to make selections. Alternatively, a user’s computing device
may be connected to charger 1100 or an associated power
supply system, such that the user may make selections via a
battery-life-extension application that has been downloaded
and 1nstalled onto the computing device. Once battery-life-
extension mode has been selected, the battery-life-extension
method may be automatically implemented without further
need for operator intervention.

[0107] Embodiments of battery-life-extension method
1200 may be implemented 1n charging system 1100 of FIG.
11, charging systems 500 and 1000 of FIGS. 1-10, as well as
other microprocessor-controlled battery chargers, charge
controllers, or power conversion devices. The battery-life-
extension function may be implemented on different types of
microprocessors and microcontrollers, and with different
lines of microcode, and method 1200 may be implemented
in battery chargers employing any means to regulate output
power, including, but not limited to, thyristor-controlled
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battery chargers, switch-mode battery chargers, controlled
ferro-resonant battery chargers, and battery chargers with
variable electro-mechanical power generating means.
Method 1200 may be employed 1n battery chargers with or
without galvanic 1solation and in chargers using AC elec-
trical power, DC electrical power, or mechanical motion as
an input power source. Method 1200 may be implemented
on battery chargers designed to charge batteries (or battery
sets, battery strings, or battery stacks) of different sizes.
[0108] Embodiments of battery-life-extension charging
method 1200 may be implemented using a circuit comprised
of standard logic elements instead of a processor-executed
algorithm or computer program. Charging method imple-
mentations may also mmvolve an integrated circuit imple-
mentation of the standard logic elements, such as a field-
programmable gate array (FPGA).
[0109] Embodiments of battery-life-extension charging
method 1200 may also be implemented using mechanical
mechanisms, including, for example, a clockwork timer,
tally counter (similar to an automotive odometer), a
mechanical calculating device (similar to those used in
adding machines), etc. Flectro-mechanical means may also
be employed (e.g., a stepping relay, an electro-mechanical
tally counter).
[0110] The terms “microprocessor,” “microcontroller,”
and “digital signal processing’” are intended to be as general
as possible, referring to an electronic component that has
digital (and usually also analog) inputs and outputs. A
microcontroller or DSP can be implemented using one or
more electronic device connected together and intercon-
nected with other control circuitry inside of the battery
charger.
[0111] The terms “timer” and “counter” are likewise
intended to be as general as possible. The battery charger’s
timing functions can be implemented 1n the microcontroller
and therefore there’s no need for a separate piece of hard-
ware that 1s a timer or that functions only as a timer.
[0112] The terms “charger” and “battery charger” are
intended to be descriptive of an electronic finished product
that 1s housed in an enclosure and has electrical 1nput,
output, and user controls. Such battery chargers accept either
sinusoidal AC 1nput power or DC 1nput power, and provide
rectified and regulated DC output power which may be
filtered or unfiltered.
[0113] Thus, although the above embodiments have been
described in language that 1s specific to certain structures,
elements, compositions, and methodological steps, 1t 1s to be
understood that the technology defined in the appended
claims 1s not necessarily limited to the specific structures,
elements, compositions and/or steps described. Rather, the
specific aspects and steps are described as forms of imple-
menting the claimed technology. Since many embodiments
of the technology can be practiced without departing from
the spirit and scope of the invention, the invention resides in
the claims hereinafter appended.
1. A battery-life-extension charging system, comprising:
a monitoring component configured to measure a direct
current (DC) output current delivered by the charging
system to a battery, wherein the DC output current 1s a
function of an existing charge status of the battery;
a timing component; and
a charge control system 1n communication with the moni-
toring component and the timing component, the
charge control system configured for:
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obtaining at least one of a time measurement from the
timing component and a charge measurement from
the monitoring component;

based on the at least one of the time measurement and
the charge measurement, determining at least one of
a time to complete a charge mode cycle and a charge
to complete a charge mode cycle, each tailored
achieve a desired charge status of the battery; and

based on the at least one of the time and the charge to
complete the charge mode cycle, transitioning to a
select one of a number of DC output voltage settings
until the time to complete the charge mode cycle has
passed or the charge to complete the charge mode
cycle has been provided, wherein the DC output
voltage settings include at least an eco-float output
voltage setting, a refresh output voltage setting, and
a boost output voltage setting.

2. The battery-life-extension charging system of claim 1,
wherein the charge control system 1s further configured for
continually repeating the obtaining the at least one of the
time measurement and the charge measurement, the deter-
mining the at least one of the time and the charge to
complete the charge mode cycle, and the transitioning to the
select one of the number of the DC output voltage settings.

3. The battery-life-extension charging system of claim 2,
wherein the DC output voltage settings further include a
float output voltage setting.

4. The battery-life-extension charging system of claim 3,
wherein:

the eco-float output voltage setting comprises an eco-float
output voltage that 1s equal to or nominally higher than
an open-circuit voltage of the battery;

the float output voltage setting comprises a float output
voltage that offsets at least a rate of self-discharge of
the battery;

the boost output voltage setting comprises a boost output
voltage that 1s equal to a maximum voltage required to
accelerate battery charging; and

the refresh output voltage setting comprises a refresh
output voltage that 1s higher than the float output
voltage and lower than the boost output voltage.

5. The battery-life-extension charging system of claim 3,
wherein a first time to complete a first charge mode cycle in
the refresh output voltage setting comprises between 1% and
10% of a second time to complete a second charge mode
cycle 1n the eco-float output voltage setting.

6. The battery-life-extension charging system of claim 1,
wherein:

the monitoring component comprises a DC current sensor
integrated within a monitoring and control circuitry of
the charging system; and

the timing component 1s one or more of a timer, a clock,
or a counter integrated within the monitoring and
control circuitry of the charging system.

7. The battery-life-extension charging system of claim 1,
wherein the battery 1s a flooded lead-acid starting, lighting,
and 1gnition (SLI) battery.

8. The battery-life-extension charging system of claim 1,
wherein the DC output current delivered by the charging
system also powers an accessory DC load.

9. A battery-life-extension charging method, comprising:

obtaining a charge measurement associated with a battery
via a monitoring component of a battery charger, the
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charge measurement reflecting a direct current (DC)
output current delivered by the battery charger to the
battery;

obtaining a time measurement associated with the battery
via a timing component of the battery charger;

transmitting at least one of the charge measurement and
the time measurement to a battery charge control sys-
tem of the battery charger;

determining, by the battery charge control system and
based on the at least one of the charge measurement and
the time measurement, at least one of a charge to
complete a charge mode cycle and a time to complete
the charge mode cycle, the charge mode cycle tailored
to achieve a desired charge status of the battery; and

selectively regulating, by a voltage regulator in commu-
nication with the battery charge control system, a DC
output voltage of the battery charger to one of a number
of pre-set DC output voltages until the time to complete
the charge mode cycle has passed or the charge to
complete the charge mode cycle has been provided, the
pre-set DC output voltages comprising an eco-float
output voltage, a refresh output voltage, and a boost
output voltage.

10. The battery-life-extension charging method of claim
9, wherein the pre-set DC output voltages further comprise
a float output voltage.

11. The battery-life-extension charging method of claim
10, wherein:

the eco-float output voltage comprises a voltage equal to
or nominally higher than an open-circuit voltage of the
battery;

the float output voltage comprises a voltage that oflsets at
least a rate of seli-discharge of the battery;

the boost output voltage comprises a voltage equal to a
maximum voltage required to accelerate battery charg-
ing; and

the refresh output voltage comprises a voltage higher than

the float output voltage and lower than the boost output
voltage.

12. The battery-life-extension charging method of claim
9, wherein:

the monitoring component comprises a DC current sensor
integrated within a monitoring and control circuitry of
the charging system; and

the timing component comprises one of a timer, a clock,
or a counter integrated within the monitoring and
control circuitry of the charging system.

13. An automatic, self-contained, battery-life-extension
charging system, comprising:
a power printed circuit board (PCB) comprising;:
input connections to allow an 1nput alternating current
(AC) to flow into the charging system:;

two series-connected switchmode converters that
together are configured to convert the input AC 1nto
an output direct current (DC) for delivery to a DC
load, to limit the output DC to the DC load, and to
regulate a DC output voltage; and

monitoring and control circuitry in communication

with the two series-connected switchmode convert-
ers, comprising:

a monitoring component configured to measure a

charge measurement associated with the DC load;
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a timing component configured to measure a time
measurement associated with a charge mode cycle

of the DC load; and

a charge control system in communication with the
monitoring component and the timing component,
the charge control system configured to transition
the two series-connected switchmode converters
between a number of DC output voltage charge
modes based upon at least one of the charge
measurement and the time measurement.

14. The automatic, self-contained, battery-life-extension
charging system of claim 13, wherein the charge measure-
ment reflects the output DC delivered by the two series-
connected switchmode converters to the DC load, and

wherein the output DC 1s a function of an existing charge
status of the DC load.

15. The automatic, self-contained, battery-life-extension
charging system of claim 13, wherein the number of the DC
output voltage charge modes includes:

an eco-float charge mode 1n which the DC output voltage
comprises a voltage equal to or nominally higher than
an open-circuit voltage of the DC load;

a float charge mode in which the DC output voltage

comprises a voltage that offsets at least a rate of
self-discharge of the DC load;

a boost charge mode in which the DC output voltage
comprises a voltage equal to a maximum voltage
required to accelerate charging of the DC load; and

a refresh charge mode in which the DC output voltage
comprises a voltage higher than the float output voltage
and lower than the boost output voltage.

16. The automatic, selif-contained, battery-life-extension
charging system of claim 15, wherein the timing component
causes the charge control system to maintain a charge-mode

ratio of the eco-float charge mode to the refresh charge mode
that 1s between 90:10 and 99:1.

17. The automatic, self-contained, battery-life-extension
charging system of claim 13, wherein the two series-con-
nected switchmode converters are further configured to
provide active power factor correction so as to provide an
improved power factor, provide electrical 1solation between
primary and secondary circuitry, and provide output con-
nections configured for wiring the output DC to the DC load.

18. The automatic, self-contained, battery-life-extension
charging system of claim 17, wherein the two series-con-
nected switchmode converters combine to form a two-stage
switchmode converter, the two-stage switchmode converter
comprising an active circuitry for controlling an amount of
the input AC to maintain a sinusoidal waveform 1n phase
with an mnput voltage waveform to provide the active power
factor correction.

19. The automatic, self-contained, battery-life-extension
charging system of claim 13, further comprising an acces-
sory PCB electrically connected to the power PCB, the
accessory PCB and the power PCB housed 1n a common
enclosure, the accessory PCB further comprising an LCD
display, one or more alarm output relays, and/or a controller
area network bus (CANbus) interface.

20. The automatic, selt-contained, battery-life-extension
charging system of claim 13, wherein the DC load comprises
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at least one of a flooded lead-acid starting, lighting, and
ignition (SLI) battery to be charged, another electrical

storage device to be charged, and an accessory DC load to
be powered.

21-42. (canceled)
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