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(57) ABSTRACT 

A battery charging device for Simultaneously charging the 
cells of a multi-cell battery in parallel wherein an induction 
coil distributes and isolates the charging energy to each cell. 
The parallel battery charger may be used with any battery 
having common two-electrode cells without breaking the 
inter-cell connections. Additionally, each cell may include a 
third or charging electrode that is used exclusively for 
charging. Each cell of this type of battery is charged by 
coupling a third electrode and a bifunctional electrode in 
parallel with the battery charger. 
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PARALLEL BATTERY CHARGING DEVICE 

FIELD OF THE INVENTION 

0001. The present invention generally relates to a device 
and method for charging electrochemical cells of a multi 
cell battery or the Simultaneous charging of multiple batter 
ies. In particular, the invention relates to charging a battery 
with multiple cells wherein each cell includes a third or 
charging electrode that is used exclusively for charging. 
Each cell of the battery is charged simultaneously by cou 
pling a third electrode and a bifunctional electrode in 
parallel with the battery charger. An induction coil distrib 
utes and isolates the charging energy to each cell. The cells 
of the battery, typically wired in Series, require no disas 
Sembly for charging. The battery charger is be used with a 
metal-air battery to prolong the life of the cathode but may 
also be used to charge common two-electrode multi-cell 
batteries in parallel without breaking the inter-cell connec 
tions. It may also be used to charge a plurality of conven 
tional two-terminal batteries wired in parallel. 

BACKGROUND OF THE INVENTION 

0002 Generally, battery packs include several battery 
cells connected in Series. Ideally, each of the battery cells 
within a battery pack will have Similar charging, discharg 
ing, and efficiency characteristics. However, this ideal Sce 
nario is not normally encountered. Thus, a battery pack 
ordinarily contains Several multiple battery cells with each 
battery cell having different charging characteristics. This 
condition may produce many problems related to the over 
charging and undercharging of the battery cells. For 
instance, fully charging one battery cell in a battery pack and 
continuing to charge it may result in overcharging and 
damage to the fully charged cell. Likewise, ending a charge 
cycle when only one battery cell is fully charged may result 
in undercharging one or more of the other battery cells in the 
battery pack. Therefore, there is a need for a System to 
provide an isolated charging cycle that accommodates mul 
tiple battery cells having varying charging characteristics. 
0003. The present invention relates generally to a method 
and apparatus for rapidly and safely charging a plurality of 
battery cells from a Single power Supply. Given the antici 
pated proliferation of electric Vehicles including electric 
Scooters, it will be necessary to have a reasonably Standard 
ized recharging apparatus located at, for instance, the 
vehicle operator's residence, place of business, parking 
garage, recharge Station, and the like. Additionally, the same 
design may be used to Simultaneously charge multiple 
batteries for portable devices Such as personal computers, 
cellular phones, and the like. 
0004 Generally, there are two types of battery cells. Cells 
that are useful for only a Single discharge cycle are called 
primary cells, and cells that are rechargeable and useful for 
multiple discharge cycles are called Secondary cells. There 
are many varieties of Secondary cells including the common 
lead-acid and nickel-cadmium (ni-cad) batteries and the less 
common metal-air batteries Such as the zinc-air battery 
disclosed in patent application Ser. No. 09/552,870, herein 
incorporated by reference. 
0005 Battery packs comprised of metal-air cells provide 
a relatively light-weight power Supply. Metal-air cells utilize 
oxygen from ambient air as a reactant in an electrochemical 
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reaction. Metal-air cells include an air permeable electrode 
as the cathode and a metallic anode Surrounded by an 
aqueous electrolyte and function through the reduction of 
oxygen from the ambient air which reacts with the metal to 
generate an electric current. For example, in a zinc-air cell, 
the anode contains Zinc, and during operation, oxygen from 
the ambient air along with water and electrons present in the 
cell are converted at the cathode to hydroxyl ions. Con 
versely, at the anode Zinc atoms and hydroxyl ions are 
converted to Zinc oxide and water, which releases the 
electrons used at the cathode portion of the cell. Thus, the 
cathode and anode act in concert to generate electrical 
energy. 

0006 Metal-air batteries may be charged mechanically 
and electrically. Mechanical charging is accomplished by 
physically replacing the electrolyte, the electrodes, or a 
combination thereof. (For example, see U.S. Pat. Nos. 
5,569,555; 5,418,080; 5,360,680; and 5,554.918). Such a 
charging method requires Special equipment, Special skills, 
an inventory of electrolyte and electrodes, and a plan for 
Storing and disposing of hazardous chemicals. Conversely, 
electrical recharging avoids these disadvantages. The elec 
trically rechargeable metal-air cell is recharged by applying 
a charging Voltage between the anode and cathode of the cell 
and reversing the electrochemical reaction. During recharg 
ing, the cell discharges oxygen to the atmosphere through a 
Vent. 

0007 While clean and efficient, electrical charging of a 
conventional multi-cell battery does have Some other dis 
advantages. In particular, most multi-cell batteries are 
designed Such that the cells are connected in “series' Such 
that the discharge Voltage between the battery terminals may 
be increased. For example, a 12-volt battery is normally 
comprised of 6 battery cells, each producing 2 volts, wired 
end-to-end in “series” to provide 12 volts across the two 
battery terminals. Such a configuration may be electrically 
recharged by applying a charging Voltage acroSS the two 
battery terminals to reverse the electrochemical process that 
occurs on discharge. When connected for charging in this 
fashion, each battery cell wired in Series, necessarily 
receives the identical current flow regardless of its current 
State of charge and ability to convert this energy to electro 
chemical Storage. 

0008. By forcing the same charging current to each cell, 
charging the battery cells in Series is disadvantageous. 
During the electrochemical recharge cycle of a battery cell, 
the cell passes through Several Stages of charging. It is well 
known that during charging, a phenomenon known as "gas 
sing occurs, that is to Say, the battery electrolyte dissociates 
into gaseous components which may emanate as bubbles. It 
is usually desirable to reduce the battery charging current 
during “gassing” So as to avoid damage to the electrode 
which would otherwise be caused by maintaining the charg 
ing current at the higher levels permissible in the "pre 
gassing or “bulk-charge' phase of charging. Thus, it is 
desired that the battery charger provide a separate charging 
circuit to each battery cell Such that the charging current may 
by optimized for each Stage of a cell's charging cycle. 

0009. It remains that the two-electrode cells of conven 
tional batteries, connected in “series, cannot be charged 
“conventionally' through Separate charging circuits as the 
cells are linked end-to-end. Such batteries may charged in 
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parallel by a conventional battery charger only if the inter 
cell connections or links are broken or disconnected. In this 
manner, each cell is independent and Separate charging 
circuits may be attached to each cell. 
0010. In the metal-air battery arena, there are two main 
types of electrically rechargeable batteries. One type 
includes those with three electrodes for each cell, namely, a 
bifunctional anode, a discharge cathode, and a charging 
electrode (i.e. a third electrode). The discharge cathode is 
designed to optimize the discharge cycle of the metal-air cell 
and may be incapable of recharging the cell. Instead, the 
charging-electrode is used to recharge the metal-air cell. 
Another type of metal-air cell includes two electrodes, both 
electrodes being bifunctional. The bifunctional electrodes 
function in both the discharge mode and the charge mode of 
the cell, thus eliminating the need for a third electrode. 
Bifunctional electrodes, however, Suffer from a major draw 
back; they do not last long because the charging cycle 
deteriorates the discharge System (i.e., bifunctional elec 
trodes Suffer from decreasing performance as the number of 
discharge/charge cycles increase). In Some cases as the 
Voltage creeps up the cell may develop a short circuit as a 
result of a Zinc dendrite forming a metallic bridge to the 
positive electrode, and will consequently cease to function 
even though the cathode is in good condition and capable of 
further service. 

0.011 Thus, tri-electrode cells are advantageous when 
compared to two-electrode cells in that they offer more 
Stable performance over a greater number of discharge/ 
recharge cycles. In View of the above and the increased 
availability of tri-electrode batteries, there is a need in the art 
for an improved battery charging device and method for 
charging each of the battery cells independently and Simul 
taneously. 

0012. The need for an improved battery charging device 
with cell balancing is illustrated by the following Scenario. 
For example, a battery with four cells intended to be 
identical typically are not identical for many reasons. In a 
metal-air cell, the electrolyte may not wet the entire anode 
thereby leaving uSeable material isolated. Through cycling, 
the Zinc can become detached from the current collector and 
become isolated. The resulting parasitic loSS may not be 
equal and Some cells will Self discharge differently. During 
discharge, one or more cells will determine the end of 
discharge. The remaining cells will have Some residual 
energy but cannot be discharged in Series as that would 
damage the empty cell(s). On the next charge cycle, the cell 
with the most residual charge will be fully charged prior to 
the other cells, if the cells are charged in Series. Further 
Series charging may damage the fully charged cell and the 
remaining cells are denied a full charge. AS the proceSS 
continues, the cells unbalance further and each cycle capac 
ity is reduced. FIG. 3A shows a set of nickle cadmium cells 
that are unbalanced by 10 ampere-hours. In this case, 3 
ampere-hours is restored to the unbalance after charging. 

SUMMARY OF THE INVENTION 

0013 This invention relates to a parallel charging system 
for a multi-cell battery wherein each battery cell may or may 
not include a third charging electrode. The charging elec 
trode eliminates the need to disconnect cells for parallel 
charging. The parallel charging System disclosed herein can 
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provide the same function. The invention allows for cell 
charging via the respective charging electrodes without 
breaking inter-cell connections. Further, the invention pro 
vides for isolation of each charging circuit and battery cell 
by employing an induction core operatively coupled to each 
cell. Each cell may be connected to the induction core Such 
that the charging current is provided to each cell independent 
of the other cells via a separate circuit. The induction core 
automatically balances the current to each cell based on the 
cell's ability to draw current. More current is provided to the 
cells with a lower charge level and Voltage. 

0014. In the simplest form, cell balancing is achieved 
using transformer theory. A load on a Secondary winding is 
reflected to the primary winding by the transformer's turn 
ratio. Each Secondary winding reflects its load and if the 
transformer is tightly coupled, each Secondary winding 
appears as if it were connected in parallel. Each Secondary 
winding draws power as if it was connected to a single 
Supply. This configuration does not require a regulator but 
just a diode Set and a shunt for current measurement. This 
Simple configuration is useful and cost effective as it requires 
no extra components and performs the required cell balance. 

0015 For example, as shown in FIG. 1, the invention 
allows for parallel charging of a multi-cell battery wherein 
the battery cells incorporate a separate or third charging 
electrode in addition to conventional positive and negative 
discharge electrodes. 

0016. The present invention affords for such charging 
through a charging electrode without the breaking of inter 
cell connections. This is accomplished by providing the 
charging energy through an induction coil So as to provide 
electrical isolation of each cell. In addition, the present 
invention may be employed to charge Several two-terminal 
batteries Simultaneously regardless of whether they are 
multi-cell batteries or Single cell batteries. 
0017. The present invention may also be employed to 
parallel charge the cells of a conventional two-electrode cell 
battery without requiring disconnection of the battery cells. 
AS described herein, the isolation of the Secondary windings 
of the transformer allows the parallel battery charger dis 
closed to be used where a conventional parallel charger 
would fail. 

0018. The present invention also provides a battery 
charger for charging through a third electrode (i.e. a charg 
ing-electrode) used in metal-air cell batteries. Such third 
electrodes may be formed from a mixture of an lanthanum 
nickel compound and at least one metal oxide, and Support 
Structure. The present invention provides a charging System 
and method for metal-air cells that provides stable perfor 
mance over a large number of charge/discharge cycles. The 
result is improved metal-air battery performance and 
improved battery life. 

0019. Additionally, when employed in vehicular applica 
tions, a braking energy recovery device may be included in 
the charging System to allow for conversion of kinetic 
energy back into electrochemical Storage in a electrochemi 
cal/mechanical System. 

0020. In one embodiment, the present invention relates to 
a battery charging System that isolates the parallel charging 
of each individual cell using an induction coil. 
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0021. In another embodiment, the present invention 
relates to a battery charging System that balances the parallel 
charging of each individual cell using an induction coil and 
incorporates a current Sensor to determine the end charge of 
each cell and further may include a top-off timer. 
0022. In another embodiment, the present invention 
relates to a battery charger that allows balanced parallel 
charging to each cell of a conventional multi-cell battery 
with two-electrode cells without breaking the intercell con 
nections. 

0023. In another embodiment, the present invention 
relates to a battery charging System that balances the parallel 
charging of each individual cell using an induction coil and 
recaptures the braking energy for use in battery charging. 
0024. In another embodiment, the present invention 
relates to the parallel battery charging System for Simulta 
neously charging Several conventional two terminal batter 
ies in parallel. 
0.025 In another embodiment, the present invention 
relates to a parallel battery charging System wherein current 
and Voltage Sensors are applied to each charging circuit and 
are used to control the charging cycle. 
0026. In another embodiment, the present invention 
relates to a method of charging any battery by parallel 
charging of each individual cell using an induction coil. 

BRIEF DESCRIPTION OF DRAWINGS 

0027 FIG. 1 is a schematic view of the structure of a 
parallel battery charger and an associated tri-electrode mul 
ticell battery in accordance with the present invention; 
0028 FIG. 2 is a schematic view of the structure of a 
parallel battery charger and an associated two-electrode 
multi-cell battery in accordance with the present invention; 
0029 FIGS. 3A and 3B are typical graphs representing 
the charge and discharge performance of battery cells as 
detailed in the Specification; 
0030 FIG. 4 is a schematic view of the structure of a 
parallel battery charger used to charge conventional two 
terminal batteries simultaneously in accordance with the 
present invention; and 
0031 FIG. 5 is a schematic view of the structure of 
another embodiment of the parallel battery charger where 
the current and Voltage is Sensed at each cell in accordance 
with the present invention. 

DETAILED DESCRIPTION 

0.032 The present invention involves a system and 
method for charging multi-cell batteries using a parallel 
battery charger individually connected to each cell of a 
multi-cell battery. Such batteries may include metal-air 
batteries or any conventional multi-cell batteries without 
disconnecting the conductors that link the cells in Series. 
Additionally, the parallel charging System may be used 
wherever Several conventional batteries are to be charged 
and the isolation provided to each charging circuit by the 
induction loop is beneficial. 
0033 Referring initially to FIG. 1, FIG. 1 shows a 
diagramatic view of the Structure of a parallel battery 
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charging device 20 and an associated tri-electrode multi-cell 
battery 30 in accordance with the present invention. The first 
portion of the circuit, which is independent of the battery 
charging circuit, is a power Source 10. The power Source 10 
includes an electrical energy Supply Such as an alternating 
current power buSS 12. The Source of alternating current 
could be a typical 110 volt, 60 hertz power outlet as is 
commonly available in the United States or could be a large 
power buSS for charging cells in bulk. The power buSS 12 is 
linked to a high power factor corrector 14 which may be a 
large coil or active corrector to bring the power factor to 1. 
For example, one may use auc3854 manufactured by Texas 
Instruments or any Similar device. The power is then Sup 
plied to an DC to DC converter 16 Such as a luc3825 
manufactured by Texas Instruments to prepare the DC power 
for use by the charging circuit. 
0034 Should the parallel battery charging device 20 be 
intended for use on a mobile vehicle, the components of the 
power Source 10 may all be disposed separate from the 
vehicle. Such a configuration would reduce the overall 
weight of the vehicle and allow any properly chosen direct 
current Source, including an offboard battery or Solar energy 
Source, to be used to charge the onboard batteries. 
0035 Alternatively, should ground support equipment be 
unavailable, the high power factor corrector 14 and an DC 
to DC converter 16 may be disposed in the vehicle to allow 
charging from any proper Source of alternating current as 
noted above. 

0036) The power source 10 is connected to a high fre 
quency Source 18 to generate a high frequency waveform for 
use by a transformer. The waveform may be a pulse or 
square-wave generated by a LT 1162 Pulse Width Modulator 
and LT 1846 Integrated Circuit manufactured by Linear 
Technologies or equivalent. The operating frequency of the 
high frequency source may range from 20 KHZ. to 1,000 
KHZ 

0037. The high frequency source 18 Supplies a multi 
winding transformer for distribution to several battery cells 
for charging. A transformer is an electrical device that is 
used for the transmission and distribution of electrical 
energy. In principle, a transformer consists of a plurality of 
coils magnetically coupled to each other. One of the coils, 
known as a primary winding, receives electrical energy, 
which is converted to purely magnetic energy; the energy is 
continuously being delivered to the other coil, known as a 
Secondary winding, in electrical form. A multi-winding 
transformer has two or more Secondary windings on the 
same core. A four-winding transformer (shown in FIG. 1), 
for example, has a primary winding 22 and three Secondary 
windings 24a, 24b, and 24c. 
0038. The primary winding or input coil 22 provides the 
electrical energy to create the magnetic flux in an induction 
core 21. Due to the magnetic coupling, a time-varying 
excitation applied to the primary winding 22 induces a 
Similar time varying response in the Secondary windings 
24a-C. The transformer used for this application is a proto 
type design produced by Zinc Air Power Corporation of 
StrongSVille, Ohio using common ferrite materials and con 
ventional means as known in the art. Each Secondary wind 
ing 24a, 24b, and 24c is isolated from one another and from 
the input coil 22. This isolation permits each battery cell 
charging circuit to draw the proper current for each of a 
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plurality of battery cells 40a, 40b, and 40c. The three circuits 
are isolated So that the current draw of each battery cell does 
not affect the charging of the other cells. 
0.039 The output coils 24a, 24b, and 24c are connected to 
a number of regulators 26a, 26b, and 26c respectively. The 
regulators 26a-c each convert the high frequency electrical 
energy back to a DC Supply current at a Voltage between 
1.00 and 2.5 volts and regulate the current as required by 
each battery cell 40a-c. The isolation between the charging 
circuits allows independent control of the battery charging 
current and Voltage. The regulators may be as Simple as a 
diode placed between the output coil and the charging 
electrode or may be an active circuit. Using the Simple diode 
form, cell charge balance is possible where each cell will 
draw it's portion of magnetic energy inversely proportional 
to it's State of charge. Each regulator 26a, 26b, and 26c is 
connected to the each of the battery cells 40a, 40b, and 40c 
via a number of cables 28a, 28b, and 28c wired in parallel. 
The positive output of each respective regulator 26a-c is 
attached to a charge electrode 44a-C of each of the three 
battery cells 40a-c. The negative or common lead of each 
respective regulator 26a-c is attached to a negative or 
common electrode 42a-c of each of the three battery cells 
40a-c. 

0040 FIG. 1 also includes a diagramatic view of a 
tri-electrode battery 30 incorporating three independent bat 
tery cells 40a, 40b, and 40c connected in series using two 
series connectors 36. While the tri-electrode battery 30 
shows three cells, any number of cells may be used to fit the 
application. Each cell 40a, 40b, and 40c of the tri-electrode 
battery 30 incorporates three electrodes. Referring specifi 
cally to battery cell 40a, a first or common electrode 42a is 
identified as synonymously with a negative terminal 34. The 
common electrode 42a is used for both charging in "paral 
lel' and discharging in "Series.” In addition to the common 
electrode 42a, battery cell 40a includes a discharge electrode 
46a. The discharge electrode 46a performs the normal 
electrochemical discharge function as in a conventional 
bi-electrode battery; it plays no role in electrochemical 
charging, thereby enhancing its life. 
0041 Unique to cell 40a of the tri-electrode battery 30 is 
an independent charge electrode 44a, which may be made in 
accordance with the metal-air battery invention disclosed in 
U.S. patent application Ser. No. 09/552,870. In that patent 
application, the third electrode of the battery cell may be 
positioned between the air electrode and the metal electrode. 
Alternatively, the metal electrode of the battery cell may be 
positioned between the air electrode and the third electrode 
to further increase in the power output of the battery cell by 
permitting an open Separator to be used between the air 
electrode and the metal electrode. 

0042. The remaining structure of a typical tri-electrode 
battery cell is conventional in nature and is known to those 
skilled in the art. For example, see: Metal-Air Batteries by 
D P Gregory, BSG, PhD, published by Mills & Boon 
Limited, copyright 1972, which discloses Secondary metal 
air cells and is incorporated herein by reference. 
0043. The third electrode of the tri-electrode battery 30 
contains numerous openings which permit the free flow of 
ions from the electrolyte between the air electrode and the 
metal electrode during the discharge cycle. 
0044. By charging any conventional battery using the 
parallel battery charging device 20, the need to disconnect 
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the Series connectors 36 is eliminated. Such a configuration 
is shown in FIG. 2 where the parallel battery charging 
device 20 is used to charge a conventional two-electrode, 
multi-cell battery 38 with series connections 36 connected. 
The parallel battery charging device 20 Saves operator time 
(the Series connections do not have to be disconnected) and 
reduces mechanical wear on the intra-battery terminals 
42abc and 46abc. 

0045. Further, each battery cell 40abc may draw its 
optimum electrical current during the charging cycle inde 
pendent of the other battery cells being charged. The present 
invention eliminates one of the major drawbacks of electro 
chemical charging the battery cells in Series, they all receive 
the same current throughout the charging cycle. 

0046 FIGS. 3A and 3B show typical graphs represent 
ing the charge cycles of two different multi-cell batteries. 
FIG. 3A shows a 32 ampere-hour nickel-cadmium set of 
cells that are unbalanced by 10 ampere-hours. Cells labeled 
1 and 3 have a 10 ampere-hour charge at the beginning of the 
charge cycle. Cells labeled 2 and 4 are essentially discharged 
at the beginning of the charge cycle. The parallel battery 
charging device 20 provides balanced charging current to 
each cell during the charging cycle. 

0047 FIG. 3B shows a typical charging cycle of the 
parallel battery charging device 20 being used to charge Six 
Zinc-air cells incorporating a third electrode in accordance 
with the present invention. Specifically, this multi-cell bat 
tery containing the third electrode was Subjected to 3 com 
plete charge/discharge cycles. Each of the Six charging 
curves in FIG. 3B show the charging voltage during the 
charge cycle. 

0048. In operation, while the induction core 21 isolates 
each battery charging circuit and the regulators 26abc moni 
tor the Voltage in each circuit, overall control of the charging 
device 20 is governed by a charge controller 50. The charge 
controller 50 may include two features: a top-off timer 54 
and a current sensor 52. The top-off timer 54 provides an 
upper limit on the time for which the charger is applied to 
the battery cells. After the charge cycle proceeds for a 
predetermined period, the top-off timer 54 can terminate the 
charging process to prevent battery cell damage. Further, the 
current Sensor 52 can monitor the total current provided to 
the input coil 22 and the charge controller 50 can terminate 
the charging process when the current draw required to the 
input coil 22 falls below a predetermined level. 
0049. In addition to the capability of parallel charging of 
individual battery cells of a tri-electrode battery, the present 
invention may be used to charge Separate conventional 
batteries in parallel. As shown in FIG. 4, the parallel battery 
charging device 20 may be used to charge conventional 
two-terminal batteries 47.abc., regardless of the number of 
cells comprising the battery. Each battery may be coupled 
via an individual regulator 26 and cable 28 in the same 
manner as the battery cells 40a-c of FIG. 1. The charging 
method maintains the same isolation properties to each 
charging circuit as are obtained when charging the tri 
electrode battery cells. 
0050 Moreover, if the battery charging device is incor 
porated onto a vehicle, the System may further include a 
braking energy recovery device 58. Such a device converts 
the vehicle's kinetic energy into electrical energy by 



US 2003/0117109 A1 

mechanically or electrically engaging a generator to the 
vehicle's drive-train upon application of the brakes. Typi 
cally, Such a device is the vehicle's drive motor operated in 
reverse. Such a device assists the vehicle braking with the 
mechanical load of the generator while providing an electric 
current to the high frequency source 18 or into the DC to DC 
converter 16 if the devices output is alternating current. In 
any event, the device operates to recycle kinetic energy into 
electrochemical Storage in the battery rather than to allow 
the energy to dissipate as heat. 
0051). In another embodiment shown in FIG. 5, the 
current levels I, I, and I and the Voltages V, V, and V. 
are detected at each cell 40a, 40b, and 40c. The voltage and 
current levels provide feedback input to the controller 50 
that controls the DC Supply 60 to the high frequency source 
18. This configuration provides an extensive number of 
ways to control the charging including Statistical analysis on 
the cells comparative health. If the characteristic Voltage 
and current levels of a damaged cell are known, the damaged 
cell may be identified and the charging level is controlled 
accordingly or the cell is replaced as necessary. Additionally 
with Such a configuration, it is possible to Simultaneously 
charge and discharge individual cells. 
0.052 Although the invention has been shown and 
described with respect to a certain preferred embodiment or 
embodiments, it is obvious that equivalent alterations and 
modifications will occur to otherS Skilled in the art upon the 
reading and understanding of this specification and the 
annexed drawings. In particular regard to the various func 
tions performed by the above described components (assem 
blies, devices, circuits, etc.), the terms used to describe Such 
components are intended to correspond, unless otherwise 
indicated, to any component which performs the Specified 
function of the described component. In addition, while a 
particular feature of the invention may have been disclosed 
with respect to only one of Several embodiments, Such 
feature may be combined with one or more other features of 
the other embodiments as may be desired and advantageous 
for any given or particular application. 
What is claimed is: 

1. A battery charging System comprising: 
a parallel battery charging device comprising: 

an induction core; 
an input coil magnetically coupled to the induction 

core; and 
a plurality of output coils magnetically coupled to the 

induction core; 
a plurality of regulators in communication with the plu 

rality of output coils, and 
a plurality of cables extending in parallel between the 

plurality of regulators and a number of battery cells. 
2. The battery charging System of claim 1 further com 

prising a high frequency Source. 
3. The battery charging System of claim 1 further com 

prising a charge controller. 
4. The battery charging system of claim 3 wherein the 

charge controller includes a current Sensor. 
5. The battery charging system of claim 3 wherein the 

charge controller includes a top-off timer. 
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6. The battery charging System of claim 1 further com 
prising a power Source. 

7. The battery charging system of claim 6 further com 
prising a high frequency Source and wherein the power 
Source includes a high power factor corrector. 

8. The battery charging system of claim 2 further com 
prising a braking energy recovery device. 

9. The battery charging system of claim 1 further com 
prising a tri-electrode multi-cell battery. 

10. The battery charging system of claim 7 further com 
prising a charge controller having a current Sensor. 

11. The battery charging system of claim 10 wherein the 
charge controller includes a top-off timer. 

12. A parallel battery charging System comprising: 
a power Source; 

a high frequency Source; 
a charge controller; 
a transformer, and 
a plurality of charging circuits coupling the transformer to 

a plurality of battery cells in parallel. 
13. The battery charging system of claim 12 further 

including Voltage and current Sensors in each charging 
circuit. 

14. The battery charging system of claim 12 wherein the 
plurality of charging circuits include a plurality of regulators 
and a plurality of cables for connection to the plurality of 
battery cells. 

15. The battery charging system of claim 12 wherein the 
transformer includes an input coil, an induction core, and a 
plurality of output coils. 

16. The battery charging system of claim 13 wherein the 
charge controller regulates a DC Supply Source using the 
Voltage and current values from each charging circuit. 

17. The battery charging system of claim 12 wherein the 
power Source includes a high power factor corrector and an 
DC to DC converter; wherein the charge controller includes 
a current Sensor and a top-off timer; wherein the transformer 
includes an input coil, an induction core, and a plurality of 
output coils, and wherein the plurality of charging circuits 
include a plurality of regulators and a plurality of cables for 
connection to the plurality of battery cells. 

18. A rechargeble power system for an electric vehicle 
comprising: 

a high frequency Source; 
a transformer; 

a tri-electrode multi-cell battery; 
a plurality of charging circuits in parallel connection 

between the transformer and a plurality of cells of the 
tri-electrode multi-cell battery; and 

a braking energy recovery device. 
19. The rechargeble power system of claim 18 further 

comprising a charge controller that uses current and Voltage 
feedback from each charging circuit to regulate the power to 
the transformer. 

20. The rechargeble power system of claim 19 wherein the 
transformer includes: an input coil, an induction core, and a 
plurality of output coils coupled to the plurality of charging 
circuits. 


