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A battery operating system includes an array of individual component
batteries configured with compound series parallel connections to form a
network. The array of individual component batteries is configured to provide
a two—dimensional battery network having X columns and Y rows.
column in the network comprises Y batteries electrically connected in series to
form a string of batteries. Each of the X columns or strings are then further
electrically connected together in parallel, to produce a network of X columns
of batteries connected together in parallel, each of the X columns having Y
batteries connected together in series. Finally, each of the individual component
batteries is further configured with compound interconnections, such that each
of the individual component batteries are connected in parallel with all adjacent

individual component batteries in the same row.
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BATTERY NETWORK WITH COMPOUNDED INTERCONNECTIONS

FIELD OF THE INVENTION
The present invention relates generally to energy storage systems, and more particularly,
to a battery network with compounded connections.

BACKGROUND OF THE INVENTION

While the use of electricity, instead of gasoline, to power vehicles has been known for
many years, electric vehicles (EVs) have started to become increasingly popular in recent years.
For example, December 1996 marked the debut of General Motor’s EV1 electric vehicle.

One of the most critical components to the overall performance of an EV is the energy
storage system, which provides the power necessary to operate the vehicle. A typical energy
storage system for an EV includes a battery pack comprising one or more batteries that are
electrically connected together in a certain configuration to provide desired performance
characteristics. Most prior art EV energy storage systems focus on high voltage, high current
solutions to providing the necessary power to the EV. The underlying assumption behind these
prior art attempts is that in order to provide the power to move an EV at the desired speeds,
relatively high current levels are required. The EV1, for example, includes a battery pack
consisting of 26 Valve-Regulated Lead Acid (VRLA) modules electrically connected together
in a single series string for an available voltage of 312 Volts and a storage capacity of about 16.3
kW.

As shown in FIG. 1, other similar prior art approaches involve connecting a number of
monolithic component batteries 2 in a single series column 4 and connecting a couple of such
columns 4 at each end of the column in parallel to reach the desired total pack voltage.

There are, however, a number of significant disadvantages associated with these prior art
approaches. For example, a battery pack constructed as a single series string is inherently
susceptible to high failure rates, because the failure of any individual battery component in the
pack automatically results in total battery pack failure (or the failure of the entire respective
column of batteries) through an open circuit as no current flow can occur through the pack during
either discharge or re-charge of the battery pack.

Additionally, the performance of a battery pack comprising component batteries connected
together as a single series string is limited by the weakest battery in the string, both during
discharge and re-charge. During discharge, the current delivery capacity of the entire battery
pack is limited to that of the individual component battery with the lowest capacity in the string.
Likewise, during charging of the battery pack, the individual component battery with the lowest
capacity reaches a state of full charge first, and limits the re-charging of the entire battery pack.

Moreover, the individual component battery within such battery pack with the lowest
capacity is over-discharged during each discharge cycle and over-charged during each charge
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cycle. Both of these conditions are damaging to battery capacity and cycle life. Thus, the normal
cycling of a battery pack constructed a single series string provides an inherently unstable
situation in which the weakest component batteries tend to become weaker still, converging
toward failure of these members and, ultimately, the entire battery pack.

Furthermore, the EV1 battery pack draws a high level of current through each of the
individual component batteries in series. As a result, a higher depth of discharge (DOD) is
required during operation, which adversely affects the cycle life of the individual component
batteries and the battery pack as a whole.

In addition to the operational disadvantages associated with the prior art battery packs,
there are also some significant structural disadvantages. For example, the EV1 battery pack
weighs 1175 Ibs and thus is a significant component of the overall weight of the EV, negatively
impacting the potential range of the vehicle before needing recharging.

Consequently, a need exists for an improved energy storage system, and more particularly
for an improved battery operating system for EVs.

SUMMARY OF THE INVENTION

The present invention, therefore, provides an improved battery operating system for EVs
designed to overcome the disadvantages described above. An array of individual component
batteries are connected in compounded series and parallel connection to form a battery network.
In accordance with the present invention, a battery network is formed by construction of a two-
or three-dimensional array of individual batteries. The battery network thus formed comprises
sufficient individual batteries connected in series so that the series voltage of the individual node
batteries sum to the desired overall battery package voltage. In addition, the battery network thus
formed comprises sufficient individual batteries connected in parallel so that parallel connection
of individual node batteries sums the current delivery capacity to the desired overall battery
package current delivery capacity.

In one embodiment, an X by Y two-dimensional array of individual battery components
is formed by connecting each node battery in the array to its nearest neighbor nodes with both
series and parallel connections using an electrically conductive material. The array of individual
component batteries is configured to provide a two-dimensional battery network having X
columns and Y rows. Each column in the network includes Y batteries electrically connected in
series to form a string of batteries. Each of the X columns or strings are then further electrically
connected together in parallel, to produce a network of X columns of batteries connected together
in parallel, each of the X columns having Y batteries connected together in series. Finally, each
of the individual component batteries is further configured with compound interconnections, such
that each of the individual component batteries are connected in parallel with all adjacent
individual component batteries in the same row.
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These and other features and advantages of the present invention will be appreciated as
the same become better understood by reference to the following detailed description when
considered in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of a battery network according to prior art;

FIG. 2 is a schematic illustration of a battery network according to the present invention,
wherein an array of individual component batteries is configured in a network having X columns
and Y rows;

FIG. 3A s a schematic illustration of one of the strings in the battery network of FIG. 2,
wherein a plurality of individual component batteries is connected in series;

FIG. 3B is a schematic illustration of the battery network of FIG. 3A, further configured
with parallel connections, wherein a plurality of strings are connected in parallel, each of the
plurality of strings constructed of a plurality of individual component batteries connected in
series;

FIG. 3C is a schematic illustration of the battery network of FIG. 3B further configured
with compound interconnections, wherein each of the individual component batteries are
connected with series and parallel connections to all adjacent individual component batteries in
the network;

FIG. 4 is a schematic illustration of the battery network of FIG. 2, wherein an array of nine
individual component batteries are configured into a network having three columns and three
TOWS;

FIG. 5 is a schematic illustration of the battery network of FIG. 2, wherein an array of
forty individual component batteries are configured into a network having four columns and ten
rOWS;

FIG. 6 is an alternate embodiment of the battery network of FIG. 5; and

FIG. 7 is a graph of illustrating battery pack failure rate of the battery network of FIG. 2
for different values of X and Y.

DETAILED DESCRIPTION

FIG. 2 schematically illustrates a battery operating system 10 according to the present
invention. In the illustrated embodiment, the battery operating system 10 includes an array of
individual component batteries 12 configured with compound series parallel connections to form
anetwork. Specifically, the array of individual component batteries 12 is configured to provide
a two-dimensional battery network having X columns and Y rows. Each column in the network
includes Y batteries electrically connected in series to form a string of batteries 14 (FIG. 3A).
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Each of the X columns or strings 14 are then further electrically connected together in parallel,
to produce a network of X columns of batteries connected together in parallel, each of the X
columns having Y batteries 12 connected together in series (FIG. 3B). Finally, each of the
individual component batteries is further configured with compound interconnections 16, such
that each of the individual component batteries 12 is connected in parallel with all adjacent
individual component batteries in the same row (FIG. 3C). The series, parallel and compound
connections in the battery network may be made by any suitable means, and one embodiment the
mechanical connections are made using electrical conductors of sufficient current carrying
capacity.

The number of individual component batteries in the network is a function of the desired
characteristics of the total network and the individual component battery characteristics. The
number of batteries connected in series in a column is a function of the desired total voltage and
the individual component battery voltages. Each column of the battery network contains Y
batteries linked in series to produce an output voltage equal to the sum of the output voltage of
each of the individual component batteries in that column. For example, in order to produce a
24V battery pack using two 12V, 12A batteries, the two batteries are connected in series to
produce a 24A, 12A battery pack.

Likewise, the number of columns connected in parallel is a function of the desired total
current and the individual component battery current delivery capacity. The X columns of the
battery network are connected in parallel to produce an output current equal to the sum of the
current flowing through each one of the strings. For example, in order to produce a 24A battery
pack using two 12V, 12A batteries, the two batteries are connected in parallel to produce a 12V,
24A battery pack.

Referring now to FIG. 4, a battery network according to the present invention is illustrated
where X, the number of columns or strings, is three and Y, the number of rows or individual
component batteries in each string, is three. In other words, the battery network is constructed
from an array of nine batteries arranged in three columns of three batteries each. For ease of
understanding, the columns are designated, from left to right, column A-C, and the rows are
designated, from top to bottom, as row 1-3. Using these designations, each individual component
battery can be referred to using a set of coordinates defining the column and row location of the
battery in the network. For example, battery 18 can be referred to as (A, 1), designating its
location in column A, row 1 of the network. Likewise, battery 20 can be referred to as (AL3)
designating its location in column A, row 3 of the network and battery 22 can be referred to as
(C,2) designating its location in column C, row 2 of the network.

Referring still to FIG. 4, the electrical connections of the battery network will be described
in more detail. In column A, the positive electrode 22 of battery (A,1) is connected in series to
the negative electrode 24 of battery (A,2), and the positive electrode 28 of battery (A,2) is
electrically connected in series to the negative electrode 30 of battery (A,3). In column B, the
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positive electrode 32 of battery (B,1) is electrically connected in series to the negative electrode
34 of battery (B,2) and the positive electrode 36 of battery (B,3) is electrically connected in series
to the negative electrode 38 of battery (B,3). In column C, the positive electrode 40 of battery
(C,1) is electrically connected in series to the negative electrode 42 of battery (B,2) and the
positive electrode 44 of battery (B,2) is electrically connected in series to the negative electrode
46 of battery (B,3). Additionally, the negative electrodes 48, 50, 52 of the batteries in row 1 are
electrically connected together in parallel to provide a negative terminal 54 for the entire battery
network, and the positive electrodes 56, 58, 60 of all the batteries in row 3 are electrically
connected together in parallel to provide a positive terminal 62 for the entire battery network.

The network also contains compound interconnections 16. Inrow 1, the positive electrode
22 of battery (A, 1) is electrically connected in parallel to the positive electrode 32 of battery (B,1)
and the positive electrode 32 of battery (B,1) is electrically connected in parallel to the positive
electrode 40 of battery (C,1). Inrow 2, the negative electrode 24 of battery (A,2) is electrically
connected in parallel to the negative electrode 34 of battery (B,2) and the negative electrode 34
of battery (B,2) is electrically connected in parallel to the negative electrode 42 of battery (C,2).
Additionally, the positive electrode 28 of battery (A,2) is electrically connected in parallel to the
positive electrode 36 of battery (B,2) and the positive electrode 36 of battery (B,2) is electrically
connected in parallel to the positive electrode 44 of battery (C,2). In row 3, the negative
electrode 30 of battery (A,3) is electrically connected in parallel to the negative electrode 38 of
battery (B,3) and the negative electrode 38 of battery (B,3) is electrically connected in parallel
to the negative electrode 46 of battery (C,3).

One embodiment of the battery network according to the present invention is illustrated
in FIG. 5, where X, the number of columns or strings, is four and Y, the number of rows or
individual component batteries in each string, is ten. More specifically, an array of forty
individual component batteries 12 is configured into a network of four strings of ten batteries
each with compound series parallel connections.

The only difference between the battery networks illustrated in FIGS. 3 and 4 is the
number of individual component batteries, and the number of rows and columns in the network.
In all other aspects the two networks are functionally, structurally and operationally identical.
As described above, the battery network illustrated in FIG. 5 is constructed by connecting with
series and parallel connections each individual component battery in the array to all adjacent
individual component batteries in the array. Each column of the array is constructed by
connecting the positive electrode of each individual component battery in the column to the
negative electrode of the adjacent individual component battery in that column. Each row of the
array is constructed by connecting the positive electrode of each individual component battery
in that row to the positive electrodes of the adjacent individual component batteries in that row,
and connecting the negative electrode of each individual component battery in that row to the
negative electrodes of the adjacent individual component batteries in that row.
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Present embodiments of the battery network illustrated in FIG. 5 use lead-acid batteries
for the individual component batteries in the network. More specifically, present embodiments
use Uninterruptable Power Source (UPS) batteries, such as those available from [MFG,
SUPPLER, LOCATION, PART NUMBER]. The UPS batteries are 12V batteries that have
a 12Ah capacity, and are therefore capable of producing (12V x 12A) 144 W of power. When
an array of forty of these batteries are connected together with compound series parallel
connections, as illustrated in FIG. 5, the result is a 120V (ten 12V batteries in series), 48A (four
12A strings of batteries in parallel) battery pack. The resulting pack is therefore able to produce
(120V x 48A) 5.76 kW of power. Although the described embodiment of the battery operating
system is a 120V, 48 A battery pack, it should be realized that the battery pack may alternatively
be configured, within the scope of this invention, to have different ratings and/or capacity. For
example, lithium-ion or lithium-ion solid polymer batteries with different ratings may be used
for savings in weight and size and increase in energy.

Those skilled in the art will also realize that the particular method used to configure the
battery network with the compound series parallel connections described above will not affect
the performance of the resulting battery pack. FIG. 6 illustrates an alternate embodiment of the
battery network, configured in accordance with principals of this invention, having forty
individual component batteries configured with compound series parallel connections. Although
the network effectively comprises four strings of ten batteries connected in series, each string is
physically divided in half and reverses direction so that positive terminal 64 and negative
terminal 68 for the entire battery pack are on the same side of the pack.

Additionally, the compound interconnections 66 in the battery network illustrated in FIG.
6 run from the positive electrode of each individual component battery 12 to the adjacent
negative electrode of the individual component battery in the adjacent row and adjacent column.
For example, a compound interconnection is located between the positive electrode 68 of battery
70 (A,2) and the negative electrode 72 of battery 74 (B,3). Likewise, a compound
interconnection is located between the positive electrode 78 of battery 80 (B,7) and the negative
electrode 82 of battery 84(C,8).

Despite these structural differences present in the battery network illustrated in FIG. 6, the
resulting battery network is functionally and operationally identical to the network illustrated in
FIG. 5. More specifically, the negative electrode of each individual component battery in the
network is operatively connected in series to the adjacent positive electrode of the individual
component battery in the adjacent row of the network, and operatively connected in parallel to
the adjacent negative electrodes of the individual component batteries in that same row of the
network. The positive electrode of each individual component battery is operatively connected
in series to the adjacent negative electrode of the individual component battery in the adjacent
row of the network, and operatively connected in parallel to the adjacent positive electrodes of
the individual component batteries in that same row of the network.
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The compounded connections of the individual batteries produces a battery network which
is independent of the battery type, self balancing, more stable, and fault tolerant.

One of the primary advantages of the battery network described above is that it is battery-
type independent. In other words, the same general advantages will be realized regardless of the
specific type of battery used for the individual component batteries in the network. For example,
as described above, lead-acid batteries are presently used for the individual component batteries.
However, as advances in battery technologies continue to be made, other types of batteries, such
as lithium-ion, nickel-iron, nickel-cadmium, nickel-hydrogen, nickel-zinc, zinc-chloride, zinc-
bromide, zinc-air, or lithium-ion solid polymer batteries may alternatively be used for the
individual component batteries in the network.

Another advantage of using, for example, lithium-ion batteries instead of the lead-acid
batteries is the significant increase in the specific energy of the batteries. Specific energy is a
measure of the total amount of energy in watt-hours (Wh) a battery can store per kilogram of its
mass for a specific rate of discharge, and is an important factor in determining the operating
range or distance that a battery pack can provide to an EV. The specific energy for conventional
lead-acid batteries ranges from about 24 Wh/kg to about 50 Wh/kg. By way of contrast, the
specific energy for lithium-ion batteries is about 500 Wh/kg. Therefore, the resulting range
available from a battery network using lithium-ion batteries as the individual component batteries
will be on the order of ten times greater than the range available from a network using
conventional lead-acid batteries.

Additionally, the battery network according to the present invention addresses the
fundamental and inherent weaknesses described above of the most common method of
constructing high voltage battery packs, namely connecting a number of large monolithic
batteries in series to produce the desired total pack voltage. The battery network according to the
present invention, configured with compound series and parallel connections, is fundamentally
more stable with respect to the individual component battery failures and individual component
battery capacity differences.

Because of the compounded interconnection 16 in FIG. 3C, if one or more individual
battery in the network fails, the current in the column(s) corresponding to the failed battery(s)
will flow around the failed battery(s) through a different column. In effect, the failed battery(s)
becomes redundant without impacting the total output current or output voltage of the network.
As aresult, the battery network is a fault-tolerant network with a low probability of failure of the
entire network. The failure rates for the entire battery network can be calculated on the basis of
the failure rates of the individual component batteries and the geometry of the battery network.

The data presented in FIG. 7 was calculated fora X by Y battery array, where X represents
the paralle] connection dimension (i.e. the number of columns) and Y represents the series
connection dimension (i.e. the number of rows). The failure rate for individual component
batteries is assumed to be 1/Y. Failure, for the purposes of this analysis, represents a catastrophic
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battery failure resulting in an open circuit condition. Given these assumptions, each series
dimension or column of the battery array will, on average, contain one component battery that
has failed, since the failure rate is 1/Y. Total battery pack failure will occur where all of the
component battery failures are contained in a single parallel dimension or row in the battery
array. In this case, no current flow can occur during either discharge or re-charge of the battery
network.

ForaXby Y battery array, the total number of component battery failures will be XY(1/Y)
= X. The total number of combinations of battery failures in this array is XYN/(XY-X)!. The
total number of combinations of battery failures that result in total pack failure is equal to the
number of failure combinations in which all of the failures occur in a single parallel dimension
or row of the battery array, that is X!Y. Thus, the probability of total battery pack failure is then
XYY (XYY(XY-X)!.

An analysis of the data presented in FIG. 7 illustrates the advantages of the battery
network geometry of this invention. Forall values of Y, the total pack failure rate is 100% where
X=1. Since the failure rate assumed in these calculations is 1/Y, a single string of batteries will
always contain one failed component battery and the total pack will fail. However, for values of
Y greater than 1, the total pack failure rate decreases rapidly as values of X increase. Increasing
the parallel dimension (X) to a value of 3 or greater decreases the probability of total pack failure
to 10% or less for all values of Y greater than 1.

For example, the network failure rate for a single string of ten batteries in sequence,
assuming a 1/Y battery failure rate, is 100%. Increasing the number of strings in the network to
two strings connected with the compound series parallel connections of this invention causes the
network failure rate to drop to about 5%. If the number of strings is further increased to three and
four strings connected with compound series parallel connections, the resulting network failure
rate drops to about 0.2% and 0.01% respectively.

By increasing the degree of parallelism within a battery pack of fixed capacity, the
reliability of the pack will be dramatically increased. The overall capacity of the battery pack
will, of course, by reduced by individual component battery failures but will not be reduced to
zero as in the case of a single linear series string (X=1). The cost of parallelism in constructing
the battery pack is an increased number of compound series/parallel interconnections within the
battery pack. These connections are simple mechanical connections using electrical conductors
of sufficient current carrying capacity. The mechanical interconnections are much more reliable
than the individual component batteries and the failure rate of such compound interconnections
is much lower than the intrinsic battery failure rate. Those skilled in the art will realize that the
results of the analysis presented in FIG. 7 also apply to individual component battery failure rates
other than 1/Y.

Moreover, a battery network having the compound series parallel configuration described
above is self-balancing. In general, when two or more batteries are connected in parallel, they
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automatically balance themselves with respect to their effective output voltages. Thus, when a
plurality of voltage mismatched individual component batteries are connected in the compound
series parallel configuration described above, using the compound interconnection 16 in FIG. 3C,
the mismatched individual component batteries automatically balance themselves.

This self-balancing advantage of the present invention is of a great practical importance
because there is usually a substantial mismatch between voltages of individual batteries. For
example, when the 12V UPS batteries are received from a supplier, they can be mismatched in
terms of voltage by as much as 300-400 mV. As a result, any one of the individual component
batteries may provide a voltage reading from about 12.8 - 13.2 V. However, once the individual
batteries are connected together in the compound series parallel configuration of this invention,
they automatically balance each other to within about 2.5 millivolts. The self-balancing feature
of the individual component batteries in the network eliminates the risk of any one battery
randomly degrading, and therefore significantly increases the cycle life of the overall battery
pack.

Another significant advantage resulting from the compound interconnections and the self-
balancing is that the battery pack is capable of effectively operating as a low-current energy
source. By way of contrast to the high voltage, high current prior art battery packs, one
embodiment of the compound series parallel battery network is a 120V, 48 A system that operates
on about 20A. As aresult, in a four string network, only about 5A are being pulled through each
string on average. The low current requirements of the battery network reduces the depth of
discharge experienced by the batteries, and thus increases the cycle life of the individual
component batteries in the network and the cycle life of the battery pack as a whole. Present
embodiments of the battery pack of this invention are exhibiting a cycle life of over 1000 cycles,
which is significantly higher than prior art systems.

Furthermore, the modular configuration of the battery network makes it possible to
selectively optimize the energy providing capacity of the network based on the particular
requirements of an application. Depending on the particular application, additional individual
component batteries can be added to each string and/or additional strings of batteries can be
added to the network. For example, if the battery operating system is being utilized as an energy
source for an electric all terrain vehicle (ATV), the battery network may only require two strings
of batteries configured with compound series parallel connections. On the other hand, if the
battery operating system is being utilized as an energy source for a more demanding application
such as an electric golf cart, the battery network may contain four strings of batteries, and
possibly eight strings of batteries for a electric car.

Yet another advantage of the described battery operating system is the significant
reduction in weight of the system. For example, a battery pack comprising 40 individual
component batteries configured according to the present invention, such as that illustrated in
FIG. 5, only weights around 576 Ibs, less than half of the weight of the EV1 battery pack.
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While specific embodiments of this invention has been shown and described, it would be
apparent to those skilled in the art that many modifications are possible without departing from
the inventive concept herein. For example, although the present invention has been described
and illustrated as a two-dimensional network of batteries, those skilled in the art should realize
that the two dimensional network having X columns and Y rows is a subclass of a three
dimensional network of individual component batteries having X columns, Y rows, and Z levels,
wherein Z is equal to 1. Therefore, it should be readily apparent that a plurality of two-
dimensional battery networks configured with compound series parallel interconnections may
be further configured such that each of the networks is stacked or layered relative to the other
networks to form a three-dimensional battery network. It is therefore to be understood that this
invention may be practiced otherwise than as specifically described.
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WHAT IS CLAIMED IS:

l. A battery interconnection network having a plurality of individual component
batteries configured with compound series parallel connections, comprising:

a plurality of rows of individual component batteries, each row having a plurality of the
individual component batteries connected in parallel; and

a plurality of columns of individual component batteries interconnected with the plurality
of rows of individual component batteries, each column having a plurality of the individual
component batteries connected in series, wherein each of the plurality of individual component
batteries in the network is electrically connected in series with an adjacent individual component
battery in the same column and electrically connected in parallel with an adjacent individual
component battery in the same row.

2. The battery interconnection network of claim 1, wherein each of the plurality of
individual component batteries comprises a positive electrode and a negative electrode, and
wherein for each of the plurality of columns, the positive electrode of each of the plurality of
individual component batteries in the column is connected in series with the negative electrodes
of adjacent individual component batteries in the same column.

3. The battery interconnection network of claim 2, wherein for each of the plurality
of rows, the positive electrode of each of the plurality of individual component batteries in the
row is connected in parallel with the positive electrodes of adjacent individual component
batteries in the same row, and the negative electrode of each of the plurality of individual
component batteries in the row is connected in parallel with the negative electrodes of adjacent
individual component batteries in the same row.

4. The battery interconnection network of claim 1, wherein the network failure rate
is less than about 10%.

5. The battery interconnection network of claim 1, wherein the network failure rate
is less than about 5%.

6. The battery interconnection network of claim 1, wherein the network failure rate
is less than about 1%.

7. The battery interconnection network of claim 1, wherein the voltage of any one of

the individual component batteries in the network is matched to within about 10 millivolts of the
voltage of any other individual component battery in the network immediately after the
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individual component batteries are configured with the compound series parallel connections.

8. The battery interconnection network of claim 7, wherein the voltage of any one of
the individual component batteries in the network is matched to within about 4 millivolts of the
voltage of any other individual component battery in the network immediately after the
individual component batteries are configured with the compound series parallel connections.

9, The battery interconnection network of claim 1 , wherein the network is configured
to provide a voltage in the range of about 110 volts to about 200 volts.

10. The battery interconnection network of claim 9, wherein the network is configured
to provide about 120 volts.

11. The battery interconnection network of claim 1, wherein at least some of the
plurality of individual component batteries are lithium-ion batteries.

12. The battery interconnection network of claim 1 further comprising a plurality of
battery interconnection networks electrically connected to one another to provide a three-
dimensional network of batteries.

13. A fault-tolerant battery pack for an electric vehicle, the battery pack comprising:

an array of individual component batteries, each of the individual component batteries
having a positive electrode and a negative electrode,

wherein the array of individual component batteries is configured with compound series
parallel connections into a network having a plurality of columns and a plurality of rows,

wherein each of the plurality of columns includes an individual component batteries
electrically connected together in series, such that the positive electrode of each of the individual
component batteries in a column is connected in series to the negative electrode of an adjacent
individual component battery in the same column,

wherein each of the plurality of columns are electrically connected together in parallel with
the other columns, and

wherein, in each of the plurality of rows, each of the individual component batteries is
electrically connected together in parallel with any adjacent individual component batteries in the
same row, such that the positive electrode of each of the individual component batteries in the
row is connected in parallel with the positive electrode of any adjacent individual component
batteries in the same row and the negative electrode of each of the individual component batteries
in the row is connected in parallel with the negative electrode of any adjacent individual
component batteries in the same row.
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14. A method of interconnecting a plurality of individual component batteries for use in
an electric vehicle comprising the steps of:

connecting subsets of the plurality of individual component batteries in series to form a
plurality of columns of batteries, each of the plurality of columns of batteries having a subset of
the plurality of individual component batteries connected in series;

connecting the plurality of columns of batteries in parallel to form a network of columns
of batteries and rows of batteries; and

configuring each of the individual component batteries in the network with a compound
interconnection, wherein each of the individual component batteries is connected in parallel with
all adjacent individual component batteries in the same row of batteries.
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