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BATTERY CHARGER AND POWER
REDUCTION SYSTEM AND METHOD

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT:
STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

The invention described herein may be manufactured and
used by or for the Government of the United States of
America for governmental purposes without payment of any
royalties thereon or therefor.

CROSS REFERENCE TO RELATED
APPLICATIONS

Not Applicable.

REFERENCE TO A SEQUENCE LISTING, A
TABLE, OR A COMPUTER PROGRAM LISTING
COMPACT DISK APPENDIX

Not Applicable.

BACKGROUND OF THE INVENTION

The present invention generally relates to an apparatus, and
system and/or method capable of charging (or recharging)
batteries, and more particularly, but without limitation, to an
apparatus, and system and/or method that may be capable of
minimizing its power dissipation requirements by adjusting
the magnitude of the charging current being sent to the bat-
teries being charged—based, in part, on each battery’s level
of charge.

Generally, rechargeable batteries are available in a variety
of chemical configurations including the “old standard” lead-
based, car batteries, and the “newer” nickel cadmium, nickel
metal hydride and “lithium” rechargeables. Furthermore,
because rechargeable batteries may be able to provide cost
savings (by eliminating the need to purchase a new battery
each time an old battery becomes depleted) these batteries are
being produced in a variety of shapes and sizes, and for use in
a growing number of applications.

Consequently, differing types of battery chargers have
been developed, and many of these are well known in the prior
art including low charge-rate, timed, and rapid chargers.
While many of these chargers are generally adequate, charg-
ing problems may still arise due to various design constraints.
As examples, the low charge-rate charger may take an incon-
venient amount of time to complete its task; the timed charger
may complete its “timed charging cycle” before the batteries
that are being charged are actually fully charged; and the
rapid charger may overcharge and possibly ruin a battery.
Regarding this, and as an example, rechargeable lithium-ion
batteries are intolerant to overcharge conditions, and may
experience early cycle life failures. This overcharging prob-
lem is heightened in applications that are configured to charge
multiple series-connected batteries from a common charging
source. In such configurations, some of the batteries being
charged may become fully charged earlier then others, which
may subject these batteries to an overcharge condition that
could shorten their cycle life. However, because it is usually
less expensive to charge multiple batteries from a single
source than it is to provide a separate charge source for each
individual battery being charged, a common charge source
may be preferable.

10

20

25

30

35

40

45

50

55

60

65

2

In response, new technologies are emerging, and one such
technology uses shunt style charging circuits to clamp the
charging voltage of each series connected battery to a “pre-
cise” predetermined voltage setting. Generally, these charg-
ing circuits shunt excess current around each series connected
battery while essentially holding each battery’s voltage con-
stant at some predetermined voltage level. A benefit of using
shunt regulators is that they are inexpensive to build and are
able to achieve precise charge voltage levels. On the other
hand, however, they are very inefficient in operation because
of the large amounts of power that they dissipate during the
shunting action. Moreover, while shunt regulators are usually
designed to dissipate full power for extended periods-of-time,
the use of these higher power levels may shorten the lifetime
of any associated electronic circuitry and may require the
addition of some form of supplemental cooling.

Therefore, a need exists for the development of an efficient,
shunt-type battery-charging device that is designed to reduce
the likelihood of overcharging and the possible deleterious
effects (and cooling requirements) associated with the gen-
eration of heat during the charging process.

SUMMARY OF THE INVENTION

According to its major aspects and briefly recited, the
present invention (without limitation) generally relates to
devices and methods for charging, keeping charged, and/or
recharging, rechargeable batteries including, but not limited
to, rechargeable lithium-ion batteries.

More specifically, the present invention is a battery charger
that incorporates a useful and improved shunt-style charging
system and/or method, which is capable of possibly alleviat-
ing some (if not all) of the above-mentioned problems. Gen-
erally, as an example but not as a limitation, the present
invention battery charger and shunt charging method may be
comprised of readily available and well-known electronic
(and/or electrical) components (and/or devices), which may
be incorporated into (or on) a base element (or structure). In
this regard, different base elements could be selected in order
to provide functional flexibility and, possibly, portability. For
example, the base element could be designed to handle the
charging of a single battery and/or the charging of a multiple
number of batteries simultaneously. Moreover, it may be
designed to be capable of handling different battery sizes.
Furthermore, the battery charger may preferably use a com-
mon charging source, and may use commonly available hard-
ware and/or software solutions including, but not limited to,
the use of one or more solar cells or solar arrays, any of which
may assist in achieving its purpose, and, possibly, allow for
the present invention’s use in (or on) satellites, spacecraft or
other space-based platforms as well.

A feature of the present invention is that it uses a common
charging source and shunt style charging circuits to regulate
the charging process, which may provide the advantage of
allowing the battery charger to effectively charge batteries at
a lower cost.

Through the present invention’s use of hardware and soft-
ware, another feature of the present invention is that it possi-
bly minimizes the amount of power needed for charging
purposes. This possibly provides the following advantages:
an increase in efficiency; a reduction in the likelihood of
overcharging conditions; and a reduction in the generation of
heat.

Another advantage of lower power use (and the consequent
generation of heat) is the possible elimination of the need for
supplemental cooling, which possibly provides an additional
advantage of being capable of lower manufacturing costs,
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e.g., lower production costs, and may decrease the deleterious
effects that such heat may have on the battery charger (e.g., its
component parts).

Still another feature of the battery charger is that it may use
readily available components; however, it is not limited to
these components. An advantage of this is that the battery
charger could have the flexibility to be configured for stan-
dard sizes/shapes (and for standard full-charge voltage-lev-
els), or it could be easily configured to meet other standards
and/or requirements (and/or to use other components as they
are developed).

It is a further feature of the present invention to be func-
tionally and operationally simpleto use, yet be highly durable
and reliable.

Other features and their advantages will be apparent to
those skilled in the art from a careful reading of the Detailed
Description of the Invention, accompanied by the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic block diagram of a Battery Charger
according to an embodiment of the present invention;

FIG. 1B is a schematic block diagram of a Battery Charger
according to another embodiment of the present invention

FIG. 2A is a graphical representation of an example of the
possible individual bypass currents obtained during charging
as a function of time according to an embodiment of the
present invention;

FIG. 2B is a graphical representation of an example of
power reduction “signal steps” transmitted to the program-
mable current source as a function of time during the charging
process according to an embodiment of the present invention;

FIG. 2C is a graphical representation of an example of the
possible charging current flow as a function of time according
to an embodiment of the present invention;

FIGS. 3A and 3B is a flow chart illustrating the charging
process of the Battery Charger according to an embodiment
of the present invention;

FIG. 4A is an example of software code usable for the
charging process shown in FIGS. 3A and 3B according to an
embodiment of the present invention; and

FIG. 4B is an example of an alternate software code usable
with at least the Battery Charger embodiment shown in FIG.
1B.

DETAILED DESCRIPTION OF THE INVENTION

The devices, circuits, and/or other components described
below preferably come from a group of devices, circuits,
and/or other components that are well known and/or are com-
monly available to (or may be fabricated using commonly
available knowledge, methods, and/or technology in) the
field(s) of electronics or electrical equipment design, and/or
to other related fields. And, while the use of these may be
preferable, other means of implementing the present inven-
tion may also be used as well.

Referring now to FIG. 1A, a schematic block diagram of an
embodiment of the present invention Battery Charger (BC) 1
is shown. As shown, a Programmable Current Source 10 is
electrically connected across, and is representationally being
used to charge four batteries, which have been removably
inserted into battery charging slots 12, 14, 16 and 18. Each
battery charging slot 12, 14, 16 and 18 is a part of an associ-
ated Shunt Charging Circuit, and, as shown, charging slot 12
is associated with Shunt Charging Circuit #1 (20); charging
slot 14 with Shunt Charging Circuit #2 (22); charging slot 16
with Shunt Charging Circuit #3 (24); and charging slot 18
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with Shunt Charging Circuit #4 (26). Generally described, a
battery charging slot 12, 14, 16 or 18 can be any appropriate,
well-known means for operationally connecting a battery to
an electrical and/or electronic circuit. Generally described,
these Shunt Charging Circuits 20, 22,24 and 26 are “shunt-
style” charging regulators, and each Shunt Charging Circuit
20, 22, 24 and 26 preferably derives all of its operating power
from the battery that it is regulating; however, other internal
or external power sources or supplies including, but not lim-
ited to, the Programmable Current Source 10 could be used as
well. Consequently, each Shunt Charging Circuit 20,22, 24
and 26 may preferably operate independently of each other.

Preferably, each Shunt Charging Circuit 20, 22, 24 and 26
will have its own internal voltage comparator (not shown),
and will be in electrical communication with the Current
Sensors 28, 30, 32 and 34, as shown. The Current Sensors 28,
30,32 and 34 are preferably precision resistances; however,
op-amp circuits or other suitable devices, methods, or means
can be used as well. These Current Sensors 28, 30, 32 and 34
are preferably used to provide a means to “measure” the
individual bypass currents associated with the shunt charging
circuits and to transmit signals representative of such bypass
currents, which, at least, may be used for (or with) the power
reduction/battery charging process described below. Addi-
tionally, as shown in FIG. 1A, these signals are represented by
the Individual Bypass Current signals b1, b2, b3 and b4 and a
Total Bypass Current signal B, which are transmitted to the
A/D Input Device 65 for further processing.

Still referring to FIG. 1A, the Control Computer 50 is
preferably used to manage the operation of the Battery
Charger 1, and preferably includes at least one “processor” or
“CPU” for implementing a Control Algorithm 55—for moni-
toring and controlling the power reduction/battery charging
process, or at least assisting in such monitoring and control.
(Hereinafter a “processor” or a “CPU” may be referred to as
a “computing device”, and any of these descriptors may be
used interchangeably, as appropriate.) In general, any proces-
sor, CPU, or computing device used in the BC 1 may come
from a group of devices that includes, but is not limited to: a
“Field Programmable Gate Array” (FPGA); a “microproces-
sor,” which is basically an entire CPU on a single chip and
commonly referred to as a “microprocessor unit,” and, ifused
with a power supply, memory and a clock, it would function
like a computer; a “microcontroller,” which is also known as
a “computer on a chip,” and is generally defined as: a single
chip that contains the processor, RAM, ROM, clock and the
1/O control unit; a “PLA” (“Programmable Logic Array™), or
an “ASIC” (“Application Specific Integrated Circuit”), which
is a chip that is custom designed for a specific application
rather than a general-purpose chip such as a microprocessor;
an “embedded system” which is basically a specialized com-
puter for use in a specialized application and which may
either use an embedded Operating System or have the Oper-
ating System and the specialized application combined into a
single program; and/or a “Digital Signal Processor,” which is
aprogrammable CPU that is used for making analog to digital
and/or digital to analog conversions and that may include fast
instructions sequences commonly used in such conversion
applications. Moreover, the Control Computer 50 preferably
uses (or is in communications with) an analog-to-digital
(AID) Input Device 65 for reading and processing analog
signals, a digital-to-analog (D/A) Output Device 60 for,
among other functions, providing signals for use in control-
ling the Programmable Current Source 10, and, as previously
mentioned, the Control Algorithm 55.

More specifically, the A/D Input Device 65 preferably
refers to any device and/or method that may be used to convert
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analog signals into digital data for computation and/or stor-
age including, but not limited to, such devices as a model
E1411B, 5.5 digit, digital multi-meter from Agilent Tech-
nologies (which has a business address of: 395 Page Mill
Road, P.O.Box 10395, Palo Alto, Calif. 94303). Furthermore,
the D/A Output Device 60 preferably refers to any device or
method that may be used to program and/or control the opera-
tion of the Programmable Current Source 10 including, but
not limited to, such devices as a model E1328A, 4-channel
digital-to-analog converter (also from Agilent Technologies),
and the Programmable Current Source 10 preferably refers to
any device and/or method that may be used to supply the
charging current needed to recharge the battery cells includ-
ing, but not limited to, such devices as a model XHR 20-50
power supply from Xantrex (which has a business address of:
195% Street, Arlington, Wash. 98223). Moreover, the Control
Algorithm 55 refers to computer code, instructions, and/or
any other method that can be used to control at least a portion
of the power reduction function and/or charging process of
the BC 1 including, but not limited to, the possible use of the
Charging Process (300A and/or 300B) shown in FIGS. 3A
and 3B, and/or the software code 400 as shown in FIG. 4A.
However, it should be noted that other suitable algorithms
and/or sets of coded instructions, other programming and/or
software, and/or other hardware configurations, which may
(or may not) be virtual implementations of software, could be
used as well.

While referring to FIGS. 1A, 3A and 3B, and 4A, the
description following the background information is a non-
limiting example of one of the possible operational uses of the
present invention. As background, a usable charging current
is generally dependant upon battery size, and, typically, the
battery-charging rate is referred to as a “C” or a Capacity rate.
Furthermore, the simplest method for determining a battery-
charging rate, or the “C” rate, is usually derived using the
desired charging time, and, as an example, if the desired
minimum charging time is 3-hours then the charging rate is
defined as C/3 where the value of “C” is the capacity of the
battery. More specifically, the charging rate of a 50-ampere
battery for a three-hour charge time can be calculated by
dividing 50 (amperes) by 3 (hours), ie., 50+3=16.67
amperes, and therefore, the “initial charge-current value” of
the Control Algorithm should be set to 16.67 amperes for this
example. [Generally, however, it should be noted that, at a
minimum, the ability to successfully charge a battery (such as
the one described in the above example) requires that the
battery be capable of accepting the designated charge rate
(i.e., 16.67 amps/hr), and can be fully charged in three hours. |
Continuing with the background, when a “constant potential”
charging method or system is used (e.g., when using a shunt-
charger circuit), lower charging current levels are required to
maintain the “constant potential” as the battery’s “State of
Charge” (SOC) approaches 100%. Consequently, in order to
maintain the required “charge potential,” a shunt-charger
typically “bypasses” excess current, and, as the SOC
increases, the shunt-charger generally needs to bypass more
current, which is generally wasted as heat. Because of this, a
significant benefit can be gained by using the present inven-
tion’s power reduction system and/or process as described
herein.

The following is one non-limiting example of the operation
of the present invention. Either before or after energizing the
Battery Charger (BC) 1, one or more rechargeable batteries
may be inserted (observing proper polarity requirements) into
the battery charging slots 12,14, 16 and 18. More specifically,
for this example, one battery is inserted into each of these
charging slots 12, 14, 16 and 18. If, on the other hand, not all
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6

of charging slots 12, 14, 16 and 18 are occupied with a battery
to be charged, then each of the unoccupied slots can be “jum-
pered out” or bypassed to retain series circuit continuity. As a
non-limiting example, the “jumpering out” may be accom-
plished by the manual insertion of physical “jumpers” (hav-
ing the appropriate electrical characteristics to perform this
function); however, the “jumpering out” or bypassing of the
unoccupied slots 12, 14, 16 and 18 may also be accomplished
by either manually or automatically switching in an electrical,
electronic, or other appropriate “bypass circuit” as well. Con-
tinuing, each used Shunt Charging Circuit 20, 22, 24 and 26
will come on-line, sense the voltage of the associated battery,
set (or have set by the Control Computer 50) the voltage-
limiting value (or, as an alternative, have this value manually
set or preset), and may transmit a bypass current signal to the
A/D Input Device 65 of the Control Computer 50 (preferably
via the associated Current Sensor 28, 30,32 or 34). Relatedly,
the A/D Input Device 65 reads each appropriate bypass cur-
rent signal b1, b2, b3 and/or b4 received, and then saves these
readings for further processing of these signals.

The Control Algorithm 55 may process the signals received
by the Control Computer 50, and as a non-limiting example
may perform the following operations: (1) transmit a Charg-
ing Level Signal C (via the D/A Output Device 60) to the
Programmable Current Source 10 to set the initial magnitude
of the Charging Current Icc from the Programmable Current
Source 10; and while charging (2) read and save the Indi-
vidual Bypass Currents b1, b2, b3 and/or b4, and transmit a
new Charging Level Signal C to the Programmable Current
Source 10 in order to change the charging current, if (and
when) appropriate. Preferably, the Charging [evel Signal C
used to set the initial Charging Current Icc value is pre-
programmed into the Control Computer 50, and both C and
Icc are preferably based on the characteristics of the batteries
and/or the BC 1. Furthermore, the value of each Charging
Level Signal C used to change (or reduce) the magnitude of
the Charging Current Icc are preferably based on (or are a
pre-programmed function of) a percentage of the lowest value
of'the Individual Bypass Currents b1, b2, b3 and/or b4, which
are stored or are being processed by the Control Computer 50,
and each Charging Level Signal C is preferably pre-pro-
grammed as well. In one embodiment of the present inven-
tion, the magnitude of the Charging Current Icc will remain at
the rated charging level of the BC 1 until all of the charging
batteries reach their voltage-limiting level. Afterward, the
charging current will be adjusted toward the minimum rated
Charging Current Icc level for the BC 1—preferably until the
minimum level is attained, the battery is removed, and/or the
BC 1 is de-energized.

While an implementation of the BC 1 has been described
above, referring now to FIGS. 1, 3A and 3B, a non-limiting
example of a flowchart illustrating the Control Algorithm 55
and/or the power reduction/battery charging process 300A
and 300B (Process) is shown. The Control Algorithm 55
and/or the Process 300A and 300B (hereinafter either
descriptor may be used interchangeably, as appropriate) may
begin by energizing the BC 1 (as depicted by the “Begin
Charging” block 302), and by setting the initial charging
current value (as represented by the “Set Initial Charging
Current Magnitude” block 304). Next, a determination of the
operational state of the BC 1 is made, as shown by the “Charg-
ing” block 306. A negative determination 308 terminates the
process 300A and 300B while a positive determination of the
BC 1 being energized/operating causes the BC 1 to reset two
counters—as shown by the Reset Current Channel Counter
block 310 and the Reset Current Bypass Counter block 312,
respectively. The Control Computer 50 then: determines and
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stores the number and the magnitudes of the Individual
Bypass Currents b1, b2, b3 and/or b4 (as represented by the
“Read & Save Individual Bypass Currents(n)” block 314;
determines and stores the number of Current Channels being
used, as depicted by the “Set Current Channel Counter to
number of current channels” block 316; and sets a “counter”
to 1, as shown by the “n=1"block 318. The Control Algorithm
55 (and/or the Control Computer 50) continues by determin-
ing whether the “n” counter value equals the Current Channel
Counter value (as depicted by the “Does n=Current Channel
Counter?” shape 326), and, if a negative determination is
made, the Process 300A and 300B determines whether the
magnitudes of the Bypass Currents exceed a preset (but pref-
erably adjustable) electrical “noise” level (as shown by the “Is
the Bypass Current(n)>0.01?" shape 328). If the magnitude
of'any of the Bypass Currents is below the “noise” threshold,
the Process 300A and 300B increments the “n” counter, as
represented by the “n=n+1" block 334, and loops back to the
“Does n=Current Channel Counter?” shape 326, and relat-
edly, if the magnitudes of the Bypass Currents are above the
“noise” threshold then the Process 300A and 300B proceeds
by Incrementing the Current Bypass Counter, as represented
by the “Increment Current Bypass Counter” block 330 and
saving the lowest Bypass Current magnitude, as represented
by the “Save Lowest Bypass Current” block 332 before incre-
menting the “n” counter 334 and looping back to the “Does
n=Current Channel Counter?” determination 326. If, during
any pass to the “Does n=Current Channel Counter?” deter-
mination 326, the result is positive, then the Process 300A and
300B proceeds by making a determination as to whether the
values stored in the Current Bypass Counter and the Current
Channel counters are equal (as represented by the “Does the
Current Bypass Counter=Current Channel Counter?” shape
336). If these counters are equal, then the magnitude of the
charging current is reduced by a percentage of the lowest
Bypass Current value (i.e., the lowest value of the Individual
Bypass Currents b1, b2, b3 and b4 stored in the Control
Computer 50), as represented by the “Reduce Magnitude of
Charging Current by % of the Lowest Bypass Current” block
338. If the counters are not equal, or if the charging current
has been reduced, the Process 300A and 300B and/or the
Control Algorithm 55 preferably proceeds by looping back to
the initial Charging determination 306 for another pass
through at least a portion of the Process 300A and 300B
and/or the Control Algorithm 55.

In other words, the result of the Control Computer 50
analysis of the signals processed may cause the Process 300A
and 300B and/or the Control Algorithm 55 to transmit at least
one “Charging Level Signal” C over an output line 61 to the
Programmable Current Source 10 in order to change the level
of the Charging Current Icc (as shown in FIG. 1A). In other
words and in general, during charging, the “Charging Level
Signal” C sent to the Programmable Current Source 10 is
preferably used to cause an appropriate adjustment to the
level or magnitude of the Charging Current Icc, and, as an
example, the change to the level of the Charging Current Icc
may be a reduction in such level. However, depending on the
magnitude of the Individual Bypass Currents b1, b2, b3 and/
or b4 processed by the Control Computer 50, the Charging
Current Icc may remain unchanged, or may be increased or
decreased as well. Related to these discussions, a non-limit-
ing example of the pseudo-code 400 that may be used with the
Control Algorithm 55 is shown in FIG. 4A. In addition, non-
limiting graphical examples of possible changes (over time)
in the Charging Current Icc (which is represented as the
Resultant Charging Current 220 in FIG. 2C), the Individual
Bypass Currents b1, b2, b3 and/or b4 (shown as the Individual
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Currents 200 in FIG. 2A), and the Charging Level Signal(s) C
transmitted via the output line 61 (shown as the Control Steps
210 in FIG. 2B), are shown.

The following non-limiting example is a description of an
operational test of the BC 1 and Process 300A and 300B
(which is based on performing battery life-cycle testing). In
the embodiment of the present invention used for this
example, the BC 1, as shown in FIG. 1A, is comprised of four
shunt charger circuits 20, 22, 24, and 26 and, in this example,
four batteries are preferably inserted 12, 14, 16, and 18 and
charged simultaneously. During operation, as described, it is
very unlikely that all four battery and charging circuits are
identical, which might result in variations as to the moment
during which each circuit will start to bypass current b1, b2,
b3, and/or b4 through the Current Sensors 28, 30, 32, and 34.
As an example, this time variance has been observed to be
between about 3 to 5 minutes. Referring now to the Control
Algorithm 55 and the Code 400 shown in FIG. 4A, there are
two variables that allow the Control Algorithm 55 to deter-
mine when all active current channels are bypassing: (1) the
Current Channel Counter, which will record the number of
active current channels—in this example, this number will be
1 through 4; and the Current Bypass Counter, which records
how many Current Channels are actually in the process of
bypassing (1 to the value of {Current Channel Counter}).
Using these variables (i.e., the Current Channel Counter and
the Counter Bypass Counter) as triggers, the inventive Pro-
cess 300A and 300B (including the “Down Programming™) in
this example will not become operational until these two
values are equal. When this occurs the “Down Programming”
will begin to decrease the Charging Current Icc as described
by the Code 400. [As an aside: The number of current chan-
nels (and the value of the Current Channel Counter) would
decrease by the number of batteries (cells) removed from the
circuit if some of the batteries were removed, for example, if
four batteries are being charged in a life-cycle test experi-
ment, and if one failed and was physically removed from the
BC 1, then the number of Current Channels and the value of
the {Current Channel Counter} would equal three.]

Continuing, to prevent premature “Down Programming,”
i.e., reducing the charging current, the present invention
essentially filters out system noise by requiring that each
bypass current b1, b2, b3, and/or b4 (sensed by the A/D Input
device 65) exceeds 0.01 amps prior to reducing the Charging
Current (shown as Icc in FIG. 1A) via “Down Programming.”
The “Down Programming” Code 400 has other features that
set the present invention apart from other shunt chargers. For
example, other shunt chargers may be limited by constraints
imposed by the size, temperature and/or the charging rate of
the battery or batteries being charged while, by using well
known or readily producible hardware and/or code including
the Improved Battery Charger Power Reduction Algorithm
Pseudo Code 400, the “Power Management/Power Reduction
System and Process 300A and 300B” of the present invention
is not. Preferably, the “While Charging” construct (as shown
in the Code 400) will execute while (or when) all conditions
are favorable for charging operations. During operations in
the test lab, all four batteries and currents are sensed, and the
generated data is operated upon every 15 to 30 seconds.
However, it should be understood that such time results are
dependant upon testing requirements and/or goals. In other
words, the Pseudo Code 400 will preferably execute the
“While Charging” construct every 15 to 30 seconds, but is not
limited to this execution frequency.

Referring now to FIGS. 1B and 4B, another improved
Shunt Charger Power Dissipation and/or Power Reduction
System 1B and Method 500 using an alternative current
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source is described. While most of the operability and func-
tionality of this embodiment have been previously described
above, the primary differences for this embodiment are dis-
closed by the following discussion of another non-limiting
example. The Switch Control Matrix 10B is preferably a
simple series of electrically actuated switch (or switching)
devices (e.g., relays) that the Control Computer 50B could
control by the Switch Output line 62. The device used for the
Switch Output Controller/Function 60B would preferably be
a digital output circuit card, which would be used to control
the switching devices of the Switch Control Matrix 10B. For
a simple example of the operation of this embodiment,
assume that each Solar Array SA#1, SA#2, through SA#nn is
being used (with #nn=5 so that a total of Five (5) Solar Arrays
are being used), and that each Solar Array SA#1, SA#2,
through SA#5 could provide a 5-amperes charge current. This
would potentially provide a maximum of 25-amperes of
charging current, and, for this example, would require adjust-
ing the current source in 5-ampere increments. Consequently,
the power reduction of the Solar Array Algorithm 500 is
modified so that it could control the current in these S-ampere
increments. Therefore, the Switch Control Matrix 10B could
only affect a change after (or when) the lowest bypass current
rises above 5-amperes. Continuing with this example, if five
individual control lines (not shown) are used for (or are part
of) the Switch Output Controller/Function 60B of the Control
Computer 50B, and each is assigned a “weight” of 5-amperes
each, then controlling the Solar Arrays SA#1, SA#2, through
SA#S via the Switch Control Matrix 10B becomes rather
simple, i.e., each time one of the Switch Output lines is closed
or opened, the available charging current RC (which is pref-
erably measurable at TP2) would be adjusted up or down by
S-amperes as appropriate. The Solar Array Algorithm 500
shown in FIG. 4B can easily affect this control. In this Algo-
rithm 500 the following is assumed: (a) the maximum output
current is twenty-five (25) amperes; (b) the number of solar
arrays is five (5); (c¢) each solar array provides five (5)
amperes of charging current; and (d) each bit of the Bit Pattern
can control five (5) amps of charging current. If the Lowest-
BypassCurrent is 3-amperes then: (a) NewOutput=(25-3)
=22 amperes; (b) SwitchOutput=(INT(22/5)+1)=5; (c) Bit-
Pattern="11111""; and (d) LastOutput=(5*5)=25. In this case,
the Bit Pattern “11111” would cause five switching devices to
energize and thus provide the full twenty-five (25)-amperes
of’charging current, i.e., each “1” represents five (5)-amperes;
therefore, since there are five “1s” then the charging current
would be twenty-five (25) amperes. Moreover, if the Lowest-
BypassCurrent is eleven (11)-amperes then: (a) NewOutput=
(25-11)=14 amperes; (b) SwitchOutput=(INT(14/5)+1)=3;
(c) BitPattern="00111"; and (d) LastOutput=(3*5)=15.
Therefore, the Bit Pattern of “00111” would therefore cause
three switching devices to energize, which would corre-
spondingly provide only 15-amperes of charging current.
Finally, in this example, if the LastOutput is fifteen (15) and
the LowestBypassCurrent is thirteen (13)-amperes then: (a)
NewOutput=(15-13)=2 amperes; (b) SwitchOutput=INT(2/
5)+1)=1; (¢) BitPattern="00001"*; and (d) LastOutput=(1*5)
=5. Under these circumstances, the Bit Pattern “00001”
would cause one (1) switching device to energize and thus
provide only S-amperes of charging current. Please note that
the minimum available current that the charging source (the
solar arrays) can provide under this scheme is equal to the
value of one bit or one control line. Note, that this example
clearly illustrates how such an algorithm and control could be
affected and/or effectuated to achieve other functions and/or
results. Moreover, a fully operational system could be imple-
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mented using other configurations, and, as an example, could
be designed to manipulate the variable values under certain
“stressed” conditions such as an over-discharged battery con-
dition. And, while the above example illustrates the use of
individual control lines from the Switch Output Controller/
Function 60B, other ways of implementing control of the
charging current RC (which, as previously mentioned, is pref-
erably measurable at TP2) can also be used as well, for
example a single Control Line 62 could be used to transmit a
Matrix Programming signal MP, which could be measured
and/or read at TP1 and which would cause the Switch Control
Matrix 10B to make the appropriate adjustment to the charg-
ing current RC, as necessary.

Finally, it will be apparent to those skilled in the art of
battery chargers (and/or other related fields) that many other
modifications and/or substitutions can be made to the forego-
ing preferred embodiments without departing from the spirit
and scope of the present invention. The preferred embodi-
ments and the best mode of the present invention are
described herein. However, it should be understood that the
best mode for carrying out the invention herein described is
by way of illustration and not by way of limitation. Therefore,
it is intended that the scope of the present invention include all
of'the modifications that incorporate its principal design fea-
tures.

What is claimed is:

1. A battery charging apparatus, said apparatus compris-
ing:

a programmable current source for providing a charging

current to at least one rechargeable battery;

a charging circuit in parallel electrical connection to said
programmable current source, wherein said charging
circuit: detects that said at least one rechargeable battery
is in operational electrical communications with said
battery charging apparatus; determines whether said
charging circuit is actively charging said at least one
rechargeable battery; and determines the magnitude of a
bypass current bypassing said at least one rechargeable
battery;

a controller comprised of a power reduction algorithm for
controlling the magnitude of said charging current pro-
vided by said programmable current source, wherein
said controller is in electrical communication with said
charging circuit and said programmable current source,
and wherein said power reduction algorithm analyzes:
(a) the magnitude of said charging current; (b) whether
said charging circuitis actively charging said at least one
rechargeable battery; and (c) the magnitude of said
bypass current bypassing said at least one rechargeable
battery; wherein, based on said power reduction algo-
rithm analysis, said controller adjusts the magnitude of
said charging current in response to changes in said
bypass current; and

at least one battery charging slot in electrical communica-
tion with said programmable current source, wherein
each of'said at least one battery charging slot is capable
of operationally holding at least one of said at least one
rechargeable battery and enabling each of said at least
one rechargeable battery to receive said charging current
from said programmable current source.

2. The battery charging apparatus of claim 1, wherein said

current source is at least one solar cell.

3. The battery charging apparatus of claim 1, wherein said
current source is at least one solar array.
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