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BATTERY PACK SYSTEM

TECHNICAL FIELD
[0001] Example embodiments generally relate to a power tool system using battery pack

technology.

BACKGROUND
[0002] Property maintenance tasks are commonly performed using various tools and/or
machines that are configured for the performance of corresponding specific tasks. Certain
tasks, like cutting trees, trimming vegetation, blowing debris and the like, are typically
performed by hand-held tools or power equipment. The hand-held power equipment may
often be powered by gas or electric motors. Until the advent of battery powered electric
tools, gas powered motors were often preferred by operators that desired, or required, a great
deal of mobility. Accordingly, many walk-behind or ride-on outdoor power equipment
devices, such as lawn mowers, are often powered by gas motors because they are typically
required to operate over a relatively large range. However, as battery technology continues to
improve, the robustness of battery powered equipment has also improved and such devices
have increased in popularity.
[0003] The batteries employed in hand-held power equipment may, in some cases, be
removable and/or rechargeable assemblies of a plurality of smaller cells that are arranged
together in order to achieve desired output characteristics. However, charging and
discharging battery cells can produce heat. Therefore, when these cells are arranged together
to form a battery pack, it is important to manage the thermal characteristics of the battery
pack. Failure to properly manage to do can result in decreased battery performance or total
failure of the battery pack. Furthermore, when used with handheld tools or outdoor power
equipment, the battery packs may be operated in harsh or at least relatively uncontrolled
conditions. Exposure to extreme temperatures, dust/debris, moisture and other conditions can
present challenges for maintaining performance and/or integrity of battery packs.
[0004] Therefore, to increase the robustness of battery packs that may be used in
relatively inhospitable environments, an improved battery pack and associated thermal
management system is needed.
[0005] Additionally, the batteries employed in hand-held power equipment may, in some
cases, be removable and/or rechargeable assemblies of a plurality of smaller cells that are

arranged together in series and/or parallel arrangements in order to achieve desired output
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characteristics. However, when these cells are arranged together to form battery packs, it is
important to consider that different cells may have different characteristics that could impact
interactions between the cells. For example, if one cell begins to deteriorate or fail, it may
reach full charge before other cells and then be exposed to high temperature and/or pressure
stresses while other cells continue to charge. Furthermore, if one cell in a parallel group of
cells fails (e.g., short circuits), other cells may begin to discharge at a high rate through the
failed cell, which may again cause large thermal and/or pressure stresses that could result in
damage to the battery pack.

[0006] To avoid damage to battery packs, it may be important to consider employing
design features that can either prevent or reduce the likelihood of the early onset of failure for
one or a group of cells, or otherwise provide safety mechanisms to mitigate or prevent

damage when such a failure occurs.

BRIEF SUMMARY OF SOME EXAMPLES
[0007] To address the above issues, a power tool system is provided, including a battery
pack, a backpack, and a power adapter. In some embodiments, a battery pack is provided
with an airflow generation unit to cool cells of the battery pack. In this regard, some
embodiments may provide for fixation of cells within a battery pack, but further provide for
efficient air flow through the battery pack. Furthermore, in some embodiments, the cells may
be held by a cell retainer that is structured to guide airflow through the battery pack and/or to
substantially segregate this airflow, which may carry dust, moisture, and debris, from certain
electrical connections and components. The operating life of devices and their batteries,
when such an airflow generation unit and corresponding cell retainer are employed, may
therefore be increased and the overall performance of such a device may be improved.
[0008] Additionally, in some embodiments, the battery pack has a cell connector
connecting the cells of the battery pack. Fuses may be built into or integral with the cell
connector and positioned between each cell so that if a battery cell fails or deteriorates, such
battery cell would be disconnected from the other battery cells. In some embodiments, the
cell connector for a battery pack is electrically symmetrical. As such, the resistance of the
cell connector as seen from the perspective of any cell, or any group of series connected cells
that are connected in parallel via the cell connector, should be substantially the same.
[0009] In one example embodiment, a battery pack is provided. The battery pack may
include a plurality of battery cells, a cell housing, and a plurality of connectors. Each battery

cell may include a first end, a second end, and a longitudinal axis running through the first
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end and the second end. The cell housing may include a first wall, a second wall, and a cell
retention structure there-between, wherein the cell retention structure is configured to retain
the plurality of battery cells in a matrix of rows and columns such that the longitudinal axis of
cach battery cell is substantially parallel to the longitudinal axes of the other battery cells.
The connectors may be located on the exterior of the cell housing and electrically connected
to the battery cells through openings in the first and second walls of the cell housing. The
plurality of connectors electrically connect the battery cells in each row in parallel and the
battery cells in each column in series

[0010] In another example embodiment, a method of creating a battery pack is provided.
The method may include arranging a plurality of battery cells within a cell housing in a
plurality of rows of battery cells such that battery cells are positioned within each row to have
the same polarity as other battery cells within the same row and the opposite polarity of
battery cells in an adjacent row; providing a plurality of connectors on the exterior of the cell
housing; and electrically connecting the plurality of connectors to the plurality of battery cells
through openings in the cell housing.

[0011] In another example embodiment, a battery pack is provided. The battery pack
may include a plurality of battery cells, wherein each battery cell comprises a positive
terminal and a negative terminal. The plurality of battery cells may include a first row of
battery cells located adjacent to each other such that the positive terminals are aligned with
cach other and the negative terminals are aligned with each other. The plurality of battery
cells may include a second row of battery cells located adjacent to each other such that the
positive terminals are aligned with each other and the negative terminals are aligned with
cach other. The second row of battery cells may be located adjacent to the first row of
battery cells such that the positive terminals of the first row of battery cells are aligned with
the negative terminals of the second row of battery cells. The battery pack may also include a
first unitary connector electrically connecting the positive terminals of at least two battery
cells of the first row of battery cells to each other and to the negative terminals of at least two
battery cells of the second row of battery cells. The first unitary connector may include at
least one fuse located electrically between at least one battery cell and a plurality of other
battery cells electrically connected together by the first unitary connector.

[0012] In another example embodiment, a method of creating a battery pack with a
plurality of battery cells connected in series and in parallel and at least one internal fuse
located electrically between at least two battery cells in the battery pack. The method may

include arranging a plurality of battery cells into rows including a first row of battery cells
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located adjacent to each other such that positive terminals of the battery cells in the first row
of battery cells are aligned with each other and negative terminals of the battery cells in the
first row of battery cells are aligned with each other, and further including a second row of
battery cells located adjacent to the first row of battery cells such that the positive terminals
of the first row of battery cells are aligned with negative terminals of the second row of
battery cells; providing a first unitary connector having two rows of pad portions extending
outwardly from a body portion, wherein at least one fuse portion is electrically located
between at least one pad portion and a plurality of other pad portions; aligning the first
unitary connector with the plurality of battery cells such that the two rows of pad portions
align with the positive terminals of the first row of battery cells and the negative terminals of
the second row of battery cells; and electrically connecting each pad portion of the first
unitary connector to the battery cell terminal with which the pad portion is aligned.

[0013] In another example embodiment, a battery pack may include a plurality of battery
cells within a cell housing arranged in a plurality of rows of battery cells. The battery pack
may further include a plurality of connectors on the exterior of the cell housing that connect
to a printed circuit board. The printed circuit board may be connected to a load, and the
plurality of connectors may be connected to the plurality of battery cells through openings in
the cell housing. The battery pack may further include a relay in series between the printed
circuit board and the battery cells so that when a predetermined event occurs, the relay
disconnects the battery cells from the load.

[0014] Some example embodiments may improve the performance and/or the efficacy of

battery powered equipment.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)
[0015] Having thus described the invention in general terms, reference will now be made
to the accompanying drawings, which are not necessarily drawn to scale, and wherein:
[0016] FIG. 1 shows a system comprising a power tool, a backpack battery pack
assembly and a power adapter according to the invention;

[0017] FIG. 2A illustrates a top perspective view of a portion of a battery pack according
to an example embodiment;
[0018] FIG. 2B illustrates an exploded perspective view of a portion of a battery pack

according to an example embodiment,
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[0019] FIG. 3A illustrates a top view of the battery pack with a top part removed in order
to reveal the inner structure of a cell retainer assembly of an example embodiment shown
with battery cells disposed within cell reception slots;

[0020] FIG. 3B illustrates a top view of the battery pack with a top part removed in order
to reveal the inner structure of the cell retainer assembly of an example embodiment shown
with battery cells removed from cell reception slots;

[0021] FIG. 3C illustrates a top view of a battery pack with a top part removed in order to
reveal the inner structure of a cell retainer assembly of an alternative example embodiment;
[0022] FIG. 3D shows an embodiment where airflow channels are formed that have a
slightly wavy shape as airflow passes through the cell housing portion according to an
example embodiment;

[0023] FIG. 7 illustrates a perspective view of a plurality of cells in a battery system
including a cell connector having fuses according to an example embodiment of the present
invention;

[0024] FIG. 8 illustrates a top view of the cells and exemplary cell connector of Figure 7,
[0025] FIG. 9 illustrates a top view of the cells and exemplary cell connector according to
some embodiments;

[0026] FIG. 10 illustrates a top view of the cells and exemplary cell connector according
to some embodiments;

[0027] FIG. 11A illustrates a top view of a portion of the exemplary cell connector of
Figure 4;

[0028] FIG. 11B illustrates a side view of a portion of the exemplary cell connector
illustrated in Figure 11A;

[0029] FIG. 11C illustrates a side view of a portion of an exemplary cell connector
according to another embodiment;

[0030] FIG. 12 illustrates a method of protecting a battery system from thermal runaway
according to some embodiments;

[0031] FIG. 13A illustrates a top view of a portion of the cell connector of Figure 2;
[0032] FIG. 13B illustrates a top view of the portion of the cell connector of Figure 6A
with the fuse being broken according to an embodiment;

[0033] FIG. 14 illustrates a method of manufacturing a battery pack according to some
embodiments of the invention;

[0034] FIG. 15 illustrates a the battery pack incorporated into a backpack in accordance
with an example embodiment;
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[0035] FIG. 16 illustrates a partially exploded view of the backpack battery pack
according to an example embodiment; and

[0036] FIG. 17 illustrates a perspective and partially broken-up view of a power adapter
according to an example embodiment;

[0037] FIG. 18 illustrates a fixture unit of the power adapter of FIG 17 according to an
example embodiment;

[0038] FIG. 19 illustrates a fixture sub-unit of the fixture unit FIG 2 with a balancing
weight in a partially sectioned view according to an example embodiment;

[0039] FIG. 20 illustrates a perspective view of the power adapter according to an
example embodiment;

[0040] FIG. 21 illustrates a front view of the power adapter according to an example
embodiment;

[0041] FIG. 22 illustrates a schematic of at least a portion of a battery pack system with a
relay according to an example embodiment;

[0042] FIG. 23A illustrates a top perspective view of a battery pack according to an
example embodiment;

[0043] FIG. 23B illustrates a bottom perspective view of the battery pack of FIG. 23A;
[0044] FIG. 23C illustrates a top view of the battery pack of FIG. 23A;

[0045] FIG. 23D illustrates a side view of the battery pack of FIG. 23A; and

[0046] FIG. 24 illustrates a top view of three separate rows of battery cells according to

some embodiments.

DETAILED DESCRIPTION
[0047] Some example embodiments now will be described more fully hereinafter with
reference to the accompanying drawings, in which some, but not all example embodiments
are shown. Indeed, the examples described and pictured herein should not be construed as
being limiting as to the scope, applicability or configuration of the present disclosure.
Rather, these example embodiments are provided so that this disclosure will satisfy
applicable legal requirements. Like reference numerals refer to like elements throughout.
Furthermore, as used herein, the term “or” is to be interpreted as a logical operator that results
in true whenever one or more of its operands are true. As used herein, operable coupling
should be understood to relate to direct or indirect connection that, in either case, enables
functional interconnection or interaction of components that are operably coupled to each

other.
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[0048] Some example embodiments may provide for a battery pack that can be useful in
connection with battery powered tools or battery powered outdoor power equipment. The
battery pack system may include a battery pack, a harness system, and an adapter which can
be attached to a power tool to supply electrical power to the power tool. FIG 1 illustrates an
embodiment of the battery pack system including a power tool 14 with a power adapter 1 and
an external battery supply, such as a backpack battery assembly 14, is shown. The power
adapter 1 has an electrical cable 11 exiting from its cable outlet 9 which electrical cable 11 is
electrically connected through an electrical connector 12, in particular a magnetic or a plug-
socket-connector, to an electrical cable 13 of a backpack battery assembly 14 to be carried on
the back of a user while the user holds the power tool 16 in his hands. The power adapter 1 is
illustrated in FIG. 1 as not yet inserted into the power tool 16. Although the power adapter
501 has a cord or cable for connection to the batteries, the power tool 16 itself remains a
cordless power tool. In particular, the cable may be carried by the user and not fall on the
ground, nor will the length of the cables 11 and 13 restrict the range of the power tool 16, and
thus maintaining the mobility of a cordless battery powered power tool.

[0049]  As can be seen, the power adapter 501 as proposed greatly improves operation of
cordless tools, in particular cordless power tools, in cases in which comparatively heavy
energy sources, i.¢. battery pack with comparatively high load capacities are used.

[0050] Each of the features of the battery pack system are discussed below under
respective headings. Features of the battery pack are discussed first, including the battery
pack thermal management system, electrically symmetrical battery cell connector, and a cell
connector with internal fuse. The backpack that carries the battery pack is then discussed.

Thereafter, the power adapter is described.

I. BATTERY PACK THERMAL MANAGEMENT SYSTEM

[0051] As mentioned above, outdoor power equipment that is battery powered, and
battery powered tools generally, typically include battery packs that include a plurality of
individual cells. The battery pack has a positive terminal and a negative terminal which
provides power to the power tool via a power adapter. In order to achieve sufficient power,
cells are organized and interconnected (e.g., in series and/or parallel connections as is
discussed below) to group the cells within a battery pack in a manner that achieves desired
characteristics. The battery pack may be inserted into a backpack or other carrying

implement that the equipment operator may wear, as is discussed later.
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[0052] The cells of the battery pack are often rechargeable, cylindrical shaped cells.
However, cells with other shapes, and even replaceable batteries could alternatively be
employed in other embodiments. Given that the batteries produce energy via electrochemical
reactions that generate heat, the battery pack may tend to heat up during charging or
discharging operations. In particular, when the equipment operated by the battery pack is
working hard, the discharge rates may be high. High capacity cells also tend to have high
internal resistances. Accordingly, since power is equal to the square of current times
resistance, it is clear that a high discharge rate will cause high power dissipation, and
therefore high temperatures. Likewise, fast charging of the battery pack can also produce
high temperatures. Given that cells are typically designed to operate within defined
temperature ranges (e.g., -10° C to +65° C), temperature increases should be maintained at
relatively low levels. If heat generation is excessive, temperatures may reach extreme levels
at which cell damage may occur.

[0053] The cells may be held in place by a cell retainer. In some cases active cooling of
the cells may be undertaken by forcing a cooling fluid (e.g., air) through the cell retainer
(e.g., with a fan or pump) to carry heat away from the cells. However, the cells may be
disposed in a pattern such that they are spaced apart from one another to form columns and
rows, or some other distributed arrangements. When the cooling fluid is forced into one end
of the cell retainer, the flow path around the cells may become very confused and turbulent
due to the potential for numerous cross-flow paths between cells. This degradation of air
flow may make it particularly difficult to ensure consistent cooling of cells throughout the
battery pack.

[0054]  Accordingly, some example embodiments may provide for a cell retainer structure
that provides better and/or more evenly distributed cooling of the cells of the battery pack. In
this regard, some example embodiments may close the spacing between selected cells so that
defined fluid flow channels (e.g., airflow channels) may be created to provide a more even,
consistent, predictable, and/or coherent flow of air past the cells to carry heat away from the
cells. This may prevent excessively high temperatures that could cause thermal damage to
cells or lead to thermal runaway. Better cell cooling may also cause cells to age more slowly
and to lose their charge capacities more slowly. Prevention of overheating may also improve
the operator experience since high temperature protective shutdowns of equipment may be
avoided.

[0055] FIG. 2A illustrates one example of a top perspective view of a portion of a battery
pack 10. FIG. 2B provides an exploded perspective of the battery pack 10. The battery pack
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10 includes a plurality of individual cells 20 disposed within a cell retainer assembly 30. The
cell retainer assembly 30 may include a plurality of cell reception slots into which the cells
may be disposed and retained. The cell reception slots may be configured to conform to the
size and shape of the cells 20 so that the cells 20 may be fixed in place within the cell retainer
assembly 30. The cell retainer assembly 30 may further accommodate cell connection
circuitry and/or electrodes (e.g., conductors, wires, and/or bars) that may be used to connect
cells in series, parallel and/or combinations thereof to achieve the electrical characteristics
desired for the battery pack 10.

[0056] Each of the cells 20 may be any suitable type of battery cell. For example, the
cells 20 may be nickel-metal hydride (NiMH), nickel-cadmium (NiCd), lithium-ion (LIB), or
other similar cells. Thus, in some cases, nominal cell voltages may range from about 1V to
about 4V. Series connection of multiple cells may be used to increase the voltage rating of
the group of connected cells, and parallel connection of multiple cells may be used to
increase the power capacity of the battery pack.

[0057] In this example, the cell retainer assembly 30 may include a top part 32 and a
bottom part 34, cach of which may be molded to fit together to contain the cells 20. As such,
for example, the top part 32 and the bottom part 34 may each be separately molded such that
the cells 20 may be disposed within the bottom part 34 in corresponding cell reception slots
formed within the bottom part 34. The top part 32 may then be snapped, screwed, welded or
otherwise held in connection with the bottom part 34 in order to form the cell retainer
assembly 30 in its assembled form.

[0058]  Asillustrated by the figures, in some embodiments the side walls of the cell
retainer assembly 30 have a height slightly greater than the length of a cell 20. Furthermore,
the top and bottom walls at least partially cover the ends of each cell 20 so that, when the top
part 32 and bottom part 34 are attached together, the cells 20 are contained and held within
the cell retainer assembly 30.

[0059] The top part 32 and bottom part 34 may each include respective electrodes 33 for
providing the series and/or parallel connection of the cells 20. In the illustrated battery pack
10, the top part 32 and the bottom part 34 of the cell retainer assembly 30 both include
connection holes 22 through which electrical connections can be made with the cells 20 that
are contained within the cell retainer assembly 30. Specifically, the cell retainer assembly is
configured so that there is one connection hole 22 at the end of each cell retention slot so that
an electrical connection can be made to the positive and negative terminals on opposing ends

of each cell. In the illustrated embodiment, the connection holes 22 are round and each have
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a diameter at least somewhat smaller than the diameter of a cell 20 so that the cells cannot
move through the connection holes 22 and, in some embodiments, so that air flowing through
the cell retainer assembly 30 cannot easily escape between the cell 20 and its corresponding
connection holes 22.

[0060] In the illustrated embodiment, the battery pack 10 includes ninety cells disposed
in a common plane with the longitudinal axis of each cell parallel to the longitudinal axis of
cach other cell. The cells have generally uniform spacing so as to create a substantially
rectangular arrangement of cells. Specifically, groups of ten cells are electrically connected
in series in each column of cells 20 along the y-direction, and groups of nine cells are
electrically connected in parallel in each row of cells 20 along the x-direction. In other
words, the battery pack comprises ten rows of cells with nine cells in each row or, said
another way, nine columns of cells with ten cells in each column. The series connected
columns are electrically connected to each other in parallel by electrical connectors 33 that
connect the cells in each row in parallel. In the illustrated embodiment, the cells in each
column have alternating polarities and the cells in each row have uniform polarities so that
one connector can at the same time connect a row of cells in parallel and pairs of cells from
adjacent rows in series. However, it will be appreciated that any desirable electrical
connection may be employed and any arrangement may be employed in terms of the number
of cells in the battery pack 10 and the physical and electrical organization of the cells therein.
[0061] Asshown in FIGS. 2A and 2B, the cell retainer assembly 30 may include at least
one fan housing 40 disposed at one end of the cell retainer assembly 30. In this embodiment,
the fan housing 40 may be integrally formed within the cell retainer assembly 30. Moreover,
since the cell retainer assembly 30 may be formed of the top part 32 and the bottom part 34, a
top portion of the fan housing 40 may be integrally formed in the top part 32, while a bottom
part of the fan housing 40 may be integrally formed in the bottom part 34. A fan 42 may be
disposed in each fan housing 40 that is provided in the cell retainer assembly 30. Specifically,
in the illustrated embodiment, the fans 42 have a square exterior and the fan housing 40
comprises a corresponding square shape slightly larger than that of the fans 42. The fan
housing 40 has two walls spaced apart a distance slightly larger than the width of a fan 42 so
that the walls created a cradle between which a fan 42 can be placed. These walls of the fan
housing 40 overlap a portion of the fan assembly to hold the fan 42 in place in the cell
retainer assembly 30, but form a circle through which air can travel to and from the fan 42.
In this way, assembly of the fans in the cell retainer may be made easy. In some

embodiments, the fan housing 40 may include a seal, gasket, or resilient member around the
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perimeter so that air only flows by the fan blades and not between the fan 42 and the fan
housing 40.

[0062] Ofnote, in embodiments where a fluid other than air is used for cooling, the fan
housing 40 may instead be replaced with a pump housing that is integrally formed in the cell
retainer assembly 30 and the fan 42 may be replaced by a pump. Furthermore, although
many embodiments of the thermal management system are described here as being used for
preventing overheating of the battery pack 10, some embodiments could be used similarly for
heating a battery pack where the battery pack is used in an extremely cold environment.
Instead of blowing air from the environment through the cell retainer assembly 30, heated air
could be blown through the cell retainer assembly to warm the battery pack 10 above a
predefined minimum threshold temperature.

[0063] Referring again to the figures, the fan 42 (or fans) may be powered from the
battery pack 10 or from its own smaller electrical source (e.g., a smaller rechargeable or
replaceable battery). Operation of the fan 42 may push air through cell retainer assembly 30
to cool the cells 20. In some embodiments, control circuitry may be provided for control of
the fan 42. The control circuitry may be in communication with a temperature sensor to
initiate fan 42 operation at a predetermined threshold temperature (or secure fan 42 operation
when below a particular temperature). In some embodiments, the control circuitry may
further be enabled to secure operation of the fan and/or the device powered by the battery
pack 10 responsive to temperatures reaching levels that are considered too high for operation
of the device. Moreover, the control circuitry may prevent device operation if, for some
reason, the fan 42 fails to operate when temperatures requiring fan operation are reached. In
other embodiments, the control circuitry may control the fan at least in part based on whether
the battery pack 10 is being charged or discharged. For example, the control circuitry may
always operate the fans while the battery pack 10 is being charged or discharged. When the
operator stops charging or discharging the battery pack, the control circuitry may then run the
fan for a preset amount of time thereafter and/or may communicate with a temperature sensor
and operate the fan until the temperature of the battery pack falls below a threshold
temperature.

[0064] In an example embodiment, the cell retainer assembly 30 may include an inlet air
guide 50 that is disposed at an outlet of the fan 42 (or fans) to guide air into channels that are
defined between some of the cells 20 as described in greater detail below. As such, the fan
42 may be configured to push air linearly through the cell retainer assembly 30 via the inlet

air guide 50. In the illustrated embodiment, in order to keep a relatively thin profile for the
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battery pack 10, the fans 42 have a diameter approximately equal to the longitudinal length of
a cell 20 so that the fans 42 do not significantly add thickness to the battery pack 10.
However, since the battery pack 10 is wider than the twice the diameter of the fan 42, the
inlet air guide 50 includes a diffuser that is configured so that the airflow exiting the fan is
spread outward to either side of the fan to create an appropriate flow of air throughout the cell
retainer assembly 30. In other embodiments, one fan or more than two fans may be used with
larger or smaller diffusers in the air inlet guides 50.

[0065] In some cases, the air may enter the cell retainer assembly 30 in a first direction
(e.g., the y-direction) and be pushed past all of the cells 20 while substantially maintaining
the first direction. After passing by all of the cells 20, the air may exit the cell retainer
assembly 30 via outlet air guides 52 in a second direction (e.g., the x-direction) that is
substantially perpendicular to the first direction. However, in some embodiments, the air
may exit the cell retainer assembly 30 also in the first direction. Regardless of how the air
enters or exits the portion of the cell retainer assembly 30 in which the cells 20 are housed,
the air within the portion of the cell retainer assembly 30 in which the cells 20 are housed
may substantially maintain only one direction while passing therethrough. Moreover, the cell
retainer assembly 30 may provide for the inlet, outlet and channel fluid paths to be defined
entirely between two planes defined by the top and bottom of the top part 32 and bottom part
34, respectively.

[0066] FIG. 3A illustrates a top view of the battery pack 10 with the top part 32 removed
in order to reveal the inner structure of the cell retainer assembly 30 of an example
embodiment. Of note, the battery pack 10 in FIG. 3A has ten cells per column and seven
cells per row rows to illustrate the fact that any number of cells may be supported by example
embodiments. As can be appreciated from the view shown in FIG. 3A, the cells 20 may be
disposed within the cell retainer assembly 30 such that a longitudinal length of the cells
extends substantially perpendicular to a direction of the flow of air through the cell retainer
assembly 30. As shown in FIG. 3A, the cells 20 may be held within the cell retainer
assembly 30 in cell reception slots 60. In some embodiments, the walls of the cell reception
slots 60 may be made from a material that has a high thermal conductivity (e.g., metal or
thermally conductive plastic) to enable heat to be readily dissipated or transmitted away from
the cells 20 so that air forced into the inlet air guide 50 may pass by the cell reception slots 60
(or portions thereof) to carry heat away from the cells 20 while the air passes to the outlet air

guide 52. In some embodiments, the cell reception slots 60 are integrally formed in the cell
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retainer assembly 30 and are, therefore, made of the same material as the cell retainer
assembly 30.

[0067]  Asillustrated in FIGS. 2B-3D, the cell retainer assembly 30 generally includes a
plurality of ribs 62. As used herein, a rib 62 generally refers to material disposed between
adjacent cell reception slots (i.¢., between adjacent cells) to inhibit air from flowing in the
space between the adjacent cells/cell reception slots. In the embodiments illustrated by the
figures, the cell retainer assembly 30 includes ribs 62 between adjacent cells in each column
of cells that inhibit air from flowing through the space between adjacent cells in a column. In
this way, airflow channels 70 are created between adjacent cell columns, where the airflow
channels 70 extend from an inlet air guide 50 to an outlet air guide 52, and where air in one
airflow channel 70 is substantially prevented from flowing into another airflow channel 70.
It will be appreciated that, although the embodiments illustrated in the figures show ribs 62
between adjacent cells in a column and airflow channels 70 created between adjacent
columns, other embodiments could instead have ribs between adjacent cells in each row that
create airflow channels between adjacent rows. Likewise, although the embodiments
illustrated in the figures show ribs 62 between adjacent series-connected cells and airflow
channels 70 created between adjacent columns of series-connected cells, in other
embodiments the orientation of the cells could be altered to where the ribs are located
between adjacent parallel-connected cells to create airflow channels between adjacent
columns of parallel-connected cells.

[0068] In some embodiments, the ribs 62 may be disposed on substantially opposite sides
(e.g., about 180° apart relative to the periphery of the cell reception slots 60 that have
adjacent slots on each side) of each of the cells in a column (or row) such that the cell
reception slots 60 of each respective column (or row) define a continuous wall that extends
from a point where air leaves the inlet air guides 50 to a point where air enters the outlet air
guides 52.

[0069] In other words, the cell housing portion 54 of the cell retainer assembly 30 may
provide walls formed between adjacent cells (e.g., cells in a same column that are series
connected to each other) by the placement of ribs 62 that are positioned 180° apart from each
other relative to the circumference of the cell reception slots 60. These walls may be
substantially parallel to each other extending from inlet to outlet of the cell housing portion
54. These ribs 62 combine with sidewalls of the cell reception slots 60 or the sidewalls of the
cells 20 disposed therein to form continuous walls that define parallel fluid flow channels

(e.g., airflow channels 70) in the cell housing portion 54 of the cell retainer assembly 30. In
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an example embodiment, one airflow channel 70 may be defined between each of the
adjacent columns of cells. Moreover, as can be appreciated from FIG. 3, the airflow channel
70 may characteristically pass substantially linearly through the cell housing portion 54 and
may extend substantially parallel to each other from inlet to outlet of the cell housing portion
54. As such, the continuous walls formed may cut off any cross-flow channels that would
otherwise exist to allow airflow between adjacent cells in the same column. Accordingly, the
airflow channels 70 are formed between sides of adjacent cells such that air flows
substantially in a single direction (e.g., the y-direction in FIGS. 2 and 3) as it passes by the
sides of the adjacent cells through the cell housing portion 54 in order to prevent cross-flow
between at least some cells where the cross-flow would be in another direction (e.g., in the x-
direction in FIGS. 2 and 3).

[0070] It should also be appreciated that some minor components of the overall airflow
through the airflow channels 70 may be in other directions. For example, some small eddy
currents or other turbulent flow components may exist. However, generally speaking, these
will be minor components and rather negligible. Although fully laminar flow through the
airflow channels 70 may not be provided, the overall direction of flow through the cell
housing portion 54 will be in a single direction and cross-flow (or just airflow in general) will
be prevented between at least two adjacent cells (e.g., series connected cells or cells in the
same column). In the illustrated embodiment, the single direction is a direction that is
substantially perpendicular to the longitudinal length of the cells 20.

[0071] FIG. 3A illustrates a top view of the battery pack with a top part removed in order
to reveal the inner structure of a cell retainer assembly of an example embodiment shown
with battery cells disposed within cell reception slots. FIG. 3B also illustrates a top view of
the battery pack with a top part removed, but also shows the battery pack with the battery
cells removed from cell reception slots to better illustrate the structure of the cell retainer
assembly according to an example embodiment. In the example embodiment illustrated in
FIGS. 2B, 3A, and 3B the ribs 62 at least partially define the cell reception slots 60.
Specifically, in this embodiment the ribs 62 between adjacent cell reception slots 60 in each
column and end ribs 63 at the end of each column extend perpendicularly from the walls of
the bottom part 34 and top part 32 and function to help hold the cells 20 in place in the cell
retainer assembly 30. In this embodiment the cell reception slots 60 are otherwise open
between the ribs. In this way, when a cell 20 is inserted into a cell reception slot 60, a portion
of the cell sidewall is exposed to the air in the adjacent airflow channel(s) 70. However, the

cell 20 may fit tightly or closely with the adjacent ribs to that the cell sidewall combines with
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the adjacent ribs to define a continuous wall of the airflow channel(s) 70 and inhibits air from
one airflow channel flowing into another airflow channel.

[0072] FIG. 3B also further illustrates holes 22 in the bottom part 34 at one end of cach
cell reception slot 60. As described above, these holes 22 allow each cell to electrically
connect with connectors located on the outside of the cell retainer assembly 30. The holes 22
may have a smaller diameter than that of a cell so that cell and the wall of the cell retainer
assembly 30 come together to inhibit air flowing through the interior of the cell retainer
assembly 30 from flowing through the holes 22. A gasket, resilient member, or other seal 24
may be located around each hole 22 to further prevent air, moisture, or debris from leaking
through the hole and contaminating the electrical connections and/or components located on
the exterior of the cell retainer assembly. Similar holes 22 and, in some embodiments, seals
24 are also located in the top part 32 for allowing an electrical connection to be made to the
other end of the cell while isolating the electrical connection(s) and/or components from the
air flowing through the interior of the cell retainer assembly. In this regard, it should be
appreciated that embodiments of the battery pack 10 described herein may be particularly
advantageous for use in dirty, dusty, or moist environments (e.g., such as those often
experienced when using outdoor power equipment or construction equipment) because the
intelligent design serves to control the temperature of the battery pack 10 by blowing air from
the battery pack’s environment through the battery pack 10, but at the same time substantially
prevents the air that’s blown through the battery pack 10, which may carry moisture, dust,
dirt, and other debris from then environment, from contaminating many of the electrical
components of the battery pack 10.

[0073] In another example embodiment illustrated in FIG. 3C, the cell reception slots 60
may be at least partially defined by slot walls 61 that completely or substantially surround
sidewalls of the cells 20. As such, for example, the cell reception slots 60 may include walls
61 that surround radial edges of the cells 20 over substantially all of the longitudinal length of
the cells 20 when the top part 32 and bottom part 34 are joined together, thereby encasing the
cell. Moreover, in some cases, the cell reception slots 60 may be positioned relative to one
another such that at least some sidewall portions defining the cell reception slots 60 are in
direct contact with, shared with, or essentially part of, corresponding sidewall portions of
adjacent cell reception slots.

[0074]  Such intersections between cell reception slots 60 are still referred to herein as
ribs 62. In the example of FIG. 3C, the ribs 62 are formed by the intersection (or direct

connection) of slot walls 61. However, in other embodiments, the ribs 62 could be formed by
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the insertion of material between the slot walls 61 of adjacent cell reception slots 60 in order
to prevent airflow between the cell reception slots 60 joined by the respective ribs 62. The
material used to form the slot walls 61 and the ribs 62 may be thermally conductive material.
However, the ribs 62 could be formed of any material sufficient to prevent cross-flows from
one airflow channel to another in the area between the corresponding joined cells.

[0075] FIGS. 3A-3C also illustrate how, in some embodiments, the walls 51 of the inlet
air guide 50 may be configured to meet with the cell 20, slot wall 61, or end rib 63 at the end
of the column located halfway between the fans 42 to prevent cross-flow of air from the inlet
air guide 50 of one fan to the inlet air guide 50 of another fan. Likewise, a wall 53 in the
outlet air guide 52 may be configured to meet with the cell 20, slot wall 61, or end rib 63 at
the end of the column located halfway between the outlets to prevent cross-flow of air
between the two outlet channels. The figures also illustrate how embodiments of the outlet
air guide 52 includes two channels taking air to either side of the battery pack and how these
channels expand as they get closer to the outlets on the sides of the battery pack. This
expansion may help to keep a uniform unobstructed airflow from the airflow channels 70 into
the outlet channel and then through the outlet channel in the direction of the side outlets since
the outlet channel must handle a greater volume of air as it gets closer to the side outlets due
to the additional air being added by each successive airflow channel 70.

[0076] FIG. 2B illustrates onc embodiment where the ribs and other walls of the cell
retainer assembly are formed by ribs and walls of the bottom part 34 meeting with
corresponding ribs and walls of the top part 32 to form the complete ribs and other walls.
However, it will be understood that in other alternative embodiments the ribs and/or other
walls may extend to their full heights from either the top part 32 or the bottom part 34.
[0077]  Inthe examples of FIGS. 2-3C, the airflow channels 70 may be essentially
straight. However, some minor curvature may be accommodated in some example
embodiments. For example, FIG. 3D shows an embodiment where airflow channels 70" are
formed that have a slightly wavy shape as airflow passes through the cell housing portion 54.
The structure of FIG. 3D may be achieved by offsetting alternating cells in each column
slightly and moving the ribs 62' to portions of the cell reception slots 60 that are not directly
opposite of each other of relative to the cells 20. Thus, whereas placing the ribs 62 on
opposite sides of cells 20 in the same column in FIG. 3 cause a substantially linear flow
through the cell housing portion 54 to remove heat from the cells 20, placing each subsequent
one of the ribs 62' less than 180 degrees away from a preceding rib, the embodiment of FIG.

3D creates a wavy flow path through the cell housing portion 54. However, in this example
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embodiment as well, cross-flow is prevented between at least two adjacent cells (e.g., series
connected cells or cells in the same column), while the overall direction of flow continues to
be in a single direction (e.g., a direction substantially perpendicular to the longitudinal length
of the cells 20).

[0078]  As can be appreciated from the example embodiments above, some embodiments
may provide a battery pack including a cell housing and a plurality of cell reception slots
disposed therein. The cell housing may be configured to retain a plurality of battery cells.
The plurality of cell reception slots may be disposed within the cell housing to receive
respective ones of the battery cells. The cell reception slots may be disposed within the cell
housing to define at least one fluid flow channel extending substantially in a first direction
through the cell housing. The fluid flow channel may be defined at least partially by a rib
connecting at least two adjacent cell reception slots to enable heat removal from cells
disposed in the at least two adjacent cell reception slots responsive to movement of a fluid
through the fluid flow channel and to prevent a cross-flow of fluid between the at least two
adjacent cell reception slots in a direction other than the first direction.

[0079] In some cases, modifications or amplifications may further be employed including
(1), the cell reception slots may be disposed in a same plane to hold the cells such that a
longitudinal centerline of each one of the cells is parallel to a longitudinal centerline of other
ones of the cells. The cell reception slots may be disposed in at least two columns within the
cell housing such that the cell reception slots of each cell in a same column are directly
connected to each other by respective ribs to form respective sidewalls of the fluid flow
channel. In an example embodiment (2), the ribs may be formed on substantially opposite
sides of the cell reception slots to form a substantially straight flowpath through the fluid
flow channel or may be formed (3) less than 180 degrees away from each other on opposing
sides of the cell reception slots to form a substantially wavy flowpath through the fluid flow
channel.

[0080] In an example embodiment, none, any or all of modifications/amplifications (1) to
(3) may be employed and the first direction may be substantially perpendicular to a
longitudinal centerline of the cell reception slots, or the first direction may be substantially
parallel to a longitudinal centerline of the cell reception slots. In some cases, none, any or all
of modifications/amplifications (1) to (3) may be employed and the battery pack may further
include a fan configured to operate to force air through the fluid flow channel. In an example
embodiment, none, any or all of modifications/amplifications (1) to (3) may be employed and

the cell housing forms a portion of a cell retainer assembly, where the cell retainer assembly
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includes a top part forming substantially a top half of the cell retainer assembly and a bottom
part forming substantially a bottom half of the cell retainer assembly. The top part and
bottom parts fit together to form the cell retainer assembly, and the cell retainer assembly
defines the cell housing, an inlet flow guide distributing air into a plurality of fluid flow
channels in the first direction and an outlet flow guide for directing air exiting from the fluid
flow channels to a second direction that is substantially perpendicular to the first direction. In
some embodiments, none, any or all of modifications/amplifications (1) to (3) may be
employed and the cell housing forms a portion of a cell retainer assembly. The cell retainer
assembly may further include a fan housing integrally formed as a portion of the cell retainer

assembly.

II. ELECTRICALLY SYMMETRICAL BATTERY CELL CONNECTOR

[0081] As mentioned above, the battery pack includes a plurality of individual cells, and
the battery cells are placed in the above-discussed cell retainer. In order to achieve sufficient
power, cells are organized and interconnected (e.g., in a series of series and/or parallel
connections) to group the cells in a manner that achieves desired characteristics. The cells
are connected to connectors 33 which connect the cells in parallel and in series as is discussed
in more depth below with regard to Figures 7-9. The cells are bounded by end connectors
170 (Figure 23A) at the end of the series of rows. The end rows may be connected to a load
(e.g., a power tool) to transmit power from the battery pack to the load. An example of such
end connector is through the use of an electrically symmetrical battery cell connector, as is
discussed below.

[0082] FIG. 4 illustrates a top view of a cell connector assembly 100 of an example
embodiment and FIG. 5 illustrates a side view of the cell connector assembly 100 of FIG. 4.
The cell connector assembly 100 of FIGS. 4 and 5 provides electrical symmetry, for example,
by providing a tree-like structure including a plurality of arms assembled to provide an
equivalent effective length of the material used to electrically couple each cell (or group of
cells) connected in parallel by the cell connector assembly 100 to a common output. Since
the effective length of the material used to couple each cell is the same, given a relatively
constant resistivity of the material, the resistance value of the cell connector assembly 100 as
seen by each cell 110 may be substantially equal. In an example embodiment, a plurality of
terminal connectors 102 may be disposed to connect to corresponding individual ones of the

cells 110 of the battery pack to each other via the cell connector assembly 100. Each of the
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terminal connectors 102 may be welded, clamped, bolted, soldered or otherwise fastened to
the terminals of each respective one of the cells 110.

[0083] In an example embodiment, any number of cells (or groups of cells) could be
included in a battery pack to which the cell connector assembly 100 is connected. As
indicated above, another cell connector assembly may also connect to the negative terminals
of the cells. For any cell connector assembly produced according to an example embodiment,
the cell connector assembly may be configured such that the length of material of the cell
connector assembly that is encountered by current supplied from a cell to be delivered to a
load (or PCB) may be substantially equal.

[0084] In example embodiments where #» number of cells (or groups of cells) are
connected by the cell connector assembly 100, and # is equal to the number 2 raised to a
power m (e.g., n=2"), then a way to achieve symmetry may include dividing the » number of
cells into pairs. The pairs may then further be divided into pairs until only one pair results.
In doing so, there may be m different levels defined in the tree-like structure and connecting
pairs at each respective level may include arms (or members) of equal length as is shown in
FIGS. 4 and 5. In this regard, for example, the eight cells 110 (or #=8, which is 2 such that
m=3) of FIGS. 4 and 5 may be divided into four pairs of cells in which each pair of cells is
connected to each other by a corresponding first level arm 120. The four first level arms 120
of FIGS. 4 and 5 (e.g., one for each pair of cells) are each of substantially the same length as
the other first level arms 120 and either have identical width, height, and material content or
identical variations in width, height, and material content as the other first level arms 120.
Thus, four pairs of cells each include a corresponding first level arm 120 interconnecting the
cells of the respective pairs of cells. The first level arms 120 are then paired and the pairs
(which may include adjacent cell pairs) may be interconnected via second level arms 130 that
all have the same length as the other second level arms 130 and either have identical width,
height, and material content or identical variations in width, height, and material content as
the other second level arms 130. Notably, although the first level arms 120 may all have the
same length, and the second level arms 130 may all have the same lengths, the length of the
first level arms 120 need not necessarily be the same as the length of the second level arms
130. In an example embodiment, a distance from each cell 110 to a tapping point 132 for the
second level arms 130 off of the first level arms 120 may be substantially equal. In this
regard, the second level arms 130 may connect to the first level arms 120 at a point on the
first level arms 120 that is half way between the cells 110 connected by the first level arms

120.
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[0085] In the example of FIGS. 4 and 5, there are two second level arms 130. The two
second level arms 130 may then be interconnected via a third level arm 140. The third level
arm 140 may connect to each of the second level arms 130 at a tapping point 142 that is
substantially half way along the length of the second level arms 130 (e.g., half way between
the tapping points 132 at the respective ends of the second level arms 130). A common arm
150 may then connect to the third level arm 140 at a tapping point 152 that is substantially
half way along the length of the third level arm 140 (e.g., half way between the tapping points
142 at the respective ends of the third level arms 140).

[0086] Accordingly, » number of cells where n=2", can be interconnected via m number
of levels of arms (not counting the common arm), where arms at each level are of the same
length as other arms in the same level and a first level of arms connects pairs of cells while
every subsequent level of arms connects a pair of higher level arms together by connection at
a tapping point that is substantially half way along the length of the higher level arms. A
common arm 150 (or common output) may then tap into the last level arm at a point half way
along the length of the last level arm to combine currents from all other levels into a
combined output. Said another way, the cell connector assembly 100 is formed into a tree-
like structure that includes m number of splits along its length, each split creating two
branches of equal length.

[0087]  This structure makes the length of material encountered between each cell 110 (or
group of cells) and a load (e.g., PCB 160) the same without regard to the physical distance
between the cell 110 and the PCB 160. Accordingly, the resistances along the paths between
cach cell 110 (or group of cells) and the load (e.g., PCB 160) are identical assuming identical
variations of cross section and material along the paths. To illustrate this point, note that the
entirety of the length of the cell connector assembly 100 from the perspective of the farthest
distant cell (relative to the PCB 160) is the sum of component parts including distance A
(from the farthest distant cell to its tapping point 132 to its second level arm 130), distance B
(from its tapping point 132 to the second level arm 130 to its tapping point 142 to its third
level arm 140), distance C (from its tapping point 142 to the tapping point 152 to the common
arm 150), and distance D (the length of the common arm 150). Meanwhile, the entirety of
the length of the cell connector assembly 100 from the perspective of the closest cell (relative
to the PCB 160) is the sum of component parts including distance A' (from the closest cell to
its tapping point 132 to its second level arm 130), distance B' (from its tapping point 132 to
the second level arm 130 to its tapping point 142 to its third level arm 140), distance C' (from
its tapping point 142 to the tapping point 152 to the common arm 150), and distance D (the
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length of the common arm 150). The sum of A, B, C and D is equal to the sum of A", B', C'
and D since A=A', B=B' and C=C'. Thus, from the perspective of each and every cell, the
length of the cell connector assembly 100 as current travels from the cells to the PCB 160 is
the same by virtue of the fact that a length of each component portion of the arms of the tree-
like structure used to interconnect the cells is the same.

[0088] In the example of FIGS. 4 and 5, the first level arms 120 are disposed over a top
portion of the cells 110, while remaining portions of the cell connector assembly 100 are
disposed proximate to a side of the cells 110. Thus, for example, one or more of the levels of
arms may be disposed such that a substantial portion of the corresponding arms are disposed
parallel to a first plane, and one or more other levels of arms of the cell connector assembly
may be disposed parallel to a second plane that is substantially perpendicular to the first
plane. However, all arms could lie in a same plane in other example embodiments.
Moreover, a longitudinal length of each of the arms (or a substantial portion thercof) shown
in FIGS. 4 and 5 lies substantially parallel to each other.

[0089]  Although it is not necessary, in some embodiments, a width and/or thickness of
cach subsequent level of arms may be increased, as illustrated in the example embodiment of
FIGS. 4 and 5. In other words, a cross sectional area of at least one level of arms may be
different than a cross sectional area of an adjacent level of arms. Increasing the width and/or
thickness of each level of arms may cause a corresponding decrease in resistivity. Given that
the currents flowing through each arm of the same level are substantially equal, but currents
at subsequent levels are added, the current through each subsequent level is higher. By
decreasing the resistivity, it may be possible to produce less heat in subsequent levels of arms
even though larger currents pass therethrough. Thus, for example, the first level arms 120
may be thinner and/or narrower than the second level arms 130, the second level arms 130
may be thinner and/or narrower than the third level arms 140, and/or the third level arms 140
may be thinner and/or narrower than the common arm 150. However, such a structure is not
required, and may not be desired in some situations.

[0090] It should be noted that the example of FIGS. 4 and 5 provides a relatively elegant
structure for a cell connector assembly 100 that effectively has identifiable paths of
conduction to the load (e.g., PCB 160) from the perspective of each cell (or cell group) that is
connected thereby. In this regard, the common arm 150 connects to an arm that connects two
lower level arms, and each of the two lower level arms connects to two lowest level arms that
connect a pair of cells, where the locations for tapping into each arm to connect it to a

subsequently higher level arm is at a halfway point along a length of the arm. Thus, precise
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distance calculations need not necessarily be performed to determine where to tap and how
long to make each respective arm. However, example embodiments could also be practiced
with other numbers of cells (or groups of cells) that do not evenly divide into pairs of cells at
all subsequent levels after the level that interfaces with the common arm. Calculations could
be performed in such example embodiments to provide tap points in locations that ultimately
make the cell connector assembly have the same length from the perspective of each cell (or
cell group).

[0091] In an example embodiment, each of the arms of the cell connector assembly 100
may be a portion of a single, unitary assembly. Moreover, the arms (either of the same level
or of different levels) may be formed substantially simultancously in a single stamping
process or molding process. However, in other example embodiments, the arms may be
formed separately by any suitable method, and the arms may thereafter be joined together to
form the cell connector assembly 100. In some embodiments, the arms may be welded,
bolted, clamped or affixed via any suitable method. Resistance welding, laser welding, or
any of a number of other welding techniques may be employed to form the cell connector
assembly 100.

[0092] FIG. 6 illustrates a method 200 of making a battery pack in accordance with an
example embodiment. It should be appreciated that some embodiments of the invention may
make manufacturing a battery pack easier when several cells or groups of cells need to be
connected in parallel by current paths having substantially equal resistance. In this regard, a
method of manufacturing a battery pack may include providing a plurality of cells or groups
of cells to be connected in parallel at operation 210. As described above, in some
embodiments of the invention, the battery pack includes a plurality of individual cells
connected in parallel using the cell connector assembly. In other embodiments, the battery
pack includes a plurality of groups of cells connected in parallel using the cell connector
assembly, where each group of cell includes a plurality of cells connected in series. In such
embodiments, the operation 210 of providing a plurality of groups of cells may include an
operation of connecting a plurality of cells in each group in series. This operation may
involve, for example, lining up the cells in a line and using individual connectors (e.g., pieces
of metallic tape) to connect the negative terminal of one cell to the positive terminal of the
adjacent cell down the line. In one embodiment with the positive and negative terminals are
on opposing ends of each cell, the cells in each line may be oriented with opposite polarities

so that the positive terminal of one cell is next to the negative terminal of the adjacent cell. In

20



WO 2013/131588 PCT/EP2012/073443

some embodiments, robotic arms position the cell connectors so that they bridge the positive
and negative terminals of adjacent cells and then spot weld the connectors to the terminals.
[0093] The method 200 may further include holding the plurality of cells or groups of
cells in a predefined orientation relative to each other in operation 220. For example, in one
embodiment, spacers are used to hold each cell an appropriate distance from adjacent cells
and align the cells in rows and/or columns so that the positive and negative terminals are
aligned for a series or parallel connection as the case may be. In some embodiments where
groups of series connected cells are connected in parallel, the cells may be placed in spacers
prior to being connected in series. For example, in one embodiment, to prepare the cells for
the parallel connection the cells or groups of cells may be positioned so that all of the positive
terminals of each cell or group are aligned in a straight line and all of the negative terminals
of each cell or group are aligned in a straight line.

[0094] The method 200 may further include an operation 230 of providing two
substantially-rigid cell connector assemblies (such as those described above) that each
comprise a tree-like structure that defines substantially equal length current paths between a
first end portion and a plurality of second end portions. This operation may include
manufacturing the cell connector assemblies by, for example, stamping the hierarchical tree-
like structure from a metallic sheet and/or welding individual metallic conductors together to
form the hierarchical tree-like structure. As recited in FIG. 5, the cell connector assemblies
may be manufactured so as to be substantially-rigid at least to the point where they do not
significantly lose their shape when picked up at a single point. In some embodiments the two
cell connector assemblies provided in this operation may be similar in structure but not
identical since one will connect the positive terminals of the cells or groups of cells and the
other will connect the negative terminals of the cells or groups of cells. For example,
depending on the relative positioning of the cells and the common output, the two cell
connector assemblies may be mirror images of each other.

[0095] The method 200 may further include, in operation 240, positioning a first of the
substantially-rigid cell connector assemblies proximate the plurality of cells or groups of cells
so that the plurality of second end portions align with positive terminals of the plurality of
cells or groups of cells. In some embodiments, this operation is performed robotically by
selecting one cell connector assembly from a first group of cell connector assemblies and
holding it against the cells so that the second end portions of the cell connector assembly
aligns with the positive terminals to be connected in parallel. Here, embodiments of the

invention where the cell connector assembly is substantially-rigid may be advantageous since
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the cell connector assembly will not significantly deform when picked-up and held by a
robotic arm at, perhaps, a single contact point. Furthermore, if the cells are properly
positioned in operation 220, then all of the second end portions of the cell connector
assembly should naturally align with the terminals when at least two second end portions are
aligned with the appropriate two terminals or when the any two points on the cell connector
assembly are otherwise positioned appropriately in space relative to the plurality of cells.
[0096] The method 200 may then include, in operation 250, welding (or fastening in
another way) each of the second end portions of the first cell connector assembly to the
positive terminal with which each second end portion aligns. In some embodiments, the
welding is completed robotically via a robotic spot welder that, now that the cell connector
assembly is held so that all of the second end portions are aligned with the appropriate
terminals, can quickly spot weld all of the connections by moving to the appropriate points in
space and welding the connector to the terminal down the line of the second end portions.
[0097] Operations 260 and 270 are similar to operations 240 and 250, but are completed
for the negative terminals to be connected in parallel. As such, the cell connector assembly
may be taken from a different group since, in some embodiments, the cell connector
assembly for the negative terminals may be a mirror image or otherwise slightly different
than the cell connector assembly used for the positive terminals, while still having the same
general tree-like current path structure.

[0098] The method 20 may also include operation 280 where the first end portions of the
two substantially-rigid cell connector assemblies are each welded or otherwise fastened to the
common output, which may be a PCB. As illustrated by operation 290, the completed cell
structure may then be disposed within a battery pack housing, where the hosing makes the
common output electrically assessable. For example, a positive and a negative terminal may
extend from the PCB through openings in the housing wall.

[0099] It will be appreciated that method 200 illustrates an example method of making a
battery pack according to an embodiment of the invention. It should also be appreciated that
other methods may also be used and that some steps in the method may be completed in a
different order or simultancously. For example, operations 260 and 270 could be performed

before or simultaneously with operations 240 and 250.
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1. BATTERY PACK CELL CONNECTOR WITH INTERNAL FUSE
[00100] It should be understood that the cells may be electrically connected

together by cell connectors 33, as mentioned above and illustrated by FIG. 2 (and later in
Figure 23). Such cell connector may further include internal fuses as is discussed below.
[00101] In an example embodiment, a cell connector connects nodes of each
battery cell and, in some embodiments, is shaped so that a portion of the cell connector
functions as a fuse for each cell (an “internal” fuse). In this regard, when one or more battery
cells deteriorate, a high amount of current is disposed on one of the internal fuses, which
causes the fuse to electrically disconnect the improperly-operating cell(s) from the other
cell(s) in the battery system.

[00102] The battery pack is comprises of at least two rows of battery cells. As
will be discussed below, each row includes a plurality of battery cells with the terminals all
aligned so the battery cells in a single row have the same polarity.

[00103] Any amount of rows of battery cells may be employed to form the battery
pack. For ease of illustration in Figure 7, only two rows of battery cells are illustrated.
However, it should be understood that any number of rows, such as four or five rows, of
battery cells may be used. In some embodiments, each row of battery cells comprises a
plurality of cells positioned adjacent each other and electrically connected at a common
terminal (e.g., all positive terminals of a row of battery cells are connected together).

[00104] A row of battery cells is then connected in series with another row of
battery cells. In this regard, the battery connector has a pad 326 that may be welded,
soldered, bolted, or otherwise electrically attached to the positive terminals of each of the
battery cells 322 of a first row of battery cells together. As such, all of the positive terminals
of the first row of battery cells are electrically connected together. The battery connector
then is similarly attached to the negative terminals of a second row of battery cells such that
the negative terminals of the second row of battery cells are electrically connected together.
The battery connector then operates as a single electrical node that electrically connects the
positive terminals of the first row of battery cells with the negative terminals of the second
battery cells together.

[00105] As mentioned above, the first row of battery cells may be positioned such
that the first row battery cells are each aligned in a line so that each the cells' positive
terminals are each adjacent to one another (and thus, the cells all are aligned to have the same
polarity). Likewise, the second row of battery cells may be positioned such that the second

row battery cells are each aligned in a line so that the negative terminals are each adjacent to
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one another (and thus, the cells all are aligned to have the same polarity). This facilitates
connecting the battery connector to the first and second row of battery cells.

[00106] In the illustrated embodiment, the battery connector 324 is a unitary
conductor, such as single unitary piece of metal (e.g., steel, nickel, copper, various alloys,
etc.), and allows for a connection to a load (not shown).

[00107] Each battery cell 322 transmits power from the positive terminal of a
battery cell 322 to pad 326 of the cell connector 324 and the power then may be transmitted
to a common central portion 18 of the cell connector 324 which acts as a common node for
the battery cells 322. In this regard, the battery cells 322 are connected to each other in
parallel. The common central portion 328 can then be connected to a load.

[00108] In certain situations, an “external” fuse (not shown), which may be
located between the battery system 320 and a load (e.g., between the battery system and one
of the battery pack terminals), may protect the battery pack and the battery cells 322
contained therein in the event of short circuits occurring in circuits that are external to the
battery system 320 (e.g., circuits in the battery-powered device). For example, the external
fuse may be connected between the battery pack 10 and the load so that the battery pack 10
may be disconnected or open-circuited with the load. This protects both the battery pack 10
and the load from any external short circuits. However, the external fuse will not protect the
battery pack 10 from thermal runaway caused by internal short circuits, overloading or
mechanical damaging. Further, if one battery cell 322 is damaged or thermally unstable, such
cell 322 will impact the other cells and the thermal runaway cannot be stopped. To address
the above issues, the battery system 320 described with reference to FIGS. 7 through 15 has
internal fuses built into a connector 324 that connects a group of three or more cells 322 in
parallel. Despite the internal fuses in this battery system 320, an external fuse (not shown)
may still be used to protect against short circuits external to the battery system 320. In such
embodiments, this external fuse may be configured to react to an external short circuit faster
than the internal fuses in the connector 324 do, and the internal fuses in the connector 324
may be configured to react to an internal defect faster than the external fuse does.

[00109] FIGS. 7 and 8 illustrate perspective and top views, respectively, of a
battery system 320 including a cell connector 324 according to an example embodiment of
the present invention. The cell connector 324 connects any number of battery cells 322 in
parallel and in series according to one embodiment. For example, as illustrated in FIGS. 7-8,
four parallel-connected battery cells of one row are connected in series to four parallel-

connected battery cells of a second row of cells. The cells 322 may be nickel-metal hydride,
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nickel-cadmium, lithium-ion, or other any other suitable type of battery cell of any voltage.
In some cases, nominal cell voltages of each cell are in the range of about 1V to about 4V.
The cells 322 in this battery system 320 may be individual cells connected in series or each
comprise a plurality of cells connected in parallel a row configuration as illustrated. In other
words, in some embodiments the battery connector 324 connects groups of parallel-connected
cells in series as opposed to individual cells. According to some embodiments, the cell
connector 324 is composed of a material which has an internal resistance, such as steel,
nickel, aluminum, copper, zinc, various alloys, other metals, and/or metal plating or any
combination thereof.

[00110] The cell connector 324 includes a central body portion 328 and a plurality
of pads 26. The number of pads 326 included on the cell connector 324 is equal to the
amount of battery cells 322 included in the battery system 320. Each pad 326 is connected to
a positive terminal of each respective battery cell 322 by welds (e.g., spot welds), solder
joints, bolts, fasteners, adhesives, integral formation, and/or any other coupling method. In
one embodiment, each pad 326 is welded to ecach respective battery cell terminal. Such
connection allows each battery cell 322 to transfer electrical power from the battery cells 322
to the cell connector 324 and vice versa.

[00111] According to some embodiments, the cell connector 324 is a single
unitary piece of metal (or other conductive material) such that the central body portion 328
and the pads 326 are integrally formed together. For example, as illustrated in the exemplary
embodiments of FIGS. 7 and 8, the cell connector 324 may be formed from a single piece of
metal (e.g., steel), whereby the steel piece is shaped to form pads 26 and narrowing portions
(fuses 330).

[00112] As illustrated in FIGS. 8-10, the cell connector 324 includes portions that
have a narrowing cross-section. These portions are referred to herein as fuses 330 and are
configured to burn out when a certain amount of current flows therethrough for too great an
amount of time. The fuses 330 can be arranged in various configurations as will now be
discussed with reference to FIGS. 8-10. As illustrated, in some embodiments of the
invention, the connector 324 is formed so that a fuse 330 is at a position 329 located between
cach of the battery cells 322 so that each cell can be electrically isolated from the rest of the
cells if it has a defect and supplies or draws too much current. In particular, the connector
324 illustrated in of FIG. 8 is formed so that a fuse 330 is at a position 329 located between
cach pad 326 and the central body portion 328 and also at position 331 in the central body

portion 328 between each pair of cells 322 (“between” meaning electrically between, not
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necessarily physically between). This can be repeated for the rest of the cells 322 as
illustrated in Figure 8 (although the positions 29 are not explicitly shown on each set of cells
for purpose of clarity).

[00113] As mentioned above and as illustrated in Figure 8, some embodiments of
the connector 324 have fuses 330 at position 331 located between groups of cells (e.g.,
between each pair of cells) so that at least some groups of cells can be electrically isolated
from others in the event that a particular group of cells has one or more defects that combine
to cause the group to supply or draw too much current.

[00114] There are different configurations of fuses at positions 329 and 331,
which are each discussed below.

[00115] In some embodiments, as illustrated in Figure 8, fuses 330 are located at
both positions 329 and 331 for each cell or pair of cells so that the pairs of cells are isolatable
and each cell 322 individually is isolatable. In some embodiments, there are fuses 330
located at some of positions 329 and 331 but there may not be a fuse at every position of 329
or 331 so that there is at least one fuse between two pairs of cells 322 (position 331) and at
least one fuse 330 between the pad 326 and the central body portion 328 (position 329).
[00116] According to some other embodiments, the fuses 330 may only be at
positions between the pads 326 and the central body portion 328 (as illustrated by positions
329 in Figure 9), and thus the fuses may not be located at other areas on the connector 324, as
illustrated in Figure 9. In these embodiments, fuses 330 are only located at position 329
proximate to one or more cells 322 so that there are not any fuses 330 at position 31 along the
central body portion 328 between any of the pair of cells.

[00117] In yet some other embodiments, as exemplified by Figure 10, fuses 330
are only located at position 331 between one or more pair of cells along the central body
portion 328 so that there are no fuses at position 329 proximate to each cell 322. Figure 10
therefore illustrates a fuse (and three in total) located between each of the four pairs of cells
322. This allows pairs of cells 322 to be serially connected with each other with fuses 330
disposed between each pair of cells 322. The fuses 330 are described below with respect to
the illustration of FIGS. 9A-9C.

[00118] To illustrate the fuses 330 themselves, FIG. 11A and FIGS. 11B and 11C
illustrate top and side perspective views, respectively, of a portion 335 of the cell connector
324 of Figure 7, which includes a first body portion 340, a second body portion 341, and a
fuse 330 according to some embodiments. As illustrated, the first body portion 340 and the
second body portion 341 have a first width W1 and a second width W2, respectively, and
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narrow therebetween to a smaller third width W3 at the fuse 330. The fuse's length L and
cross-sectional area A (W3 x the depth D of the connector 324 at the fuse 330) are set so that
the fuse 330 melts or “burns out” once the current through the fuse 330 reaches a threshold,
as will be discussed more later. The cross-sectional area includes a depth D and width W3.
The fuse's cross-sectional area A and length L are determined based on the type of material
the fuse 330 is composed of as well as the desired current threshold and the desired burnout
time for one or more current levels. More specifically, the melting time is directly
proportional to the fuse’s resistance R, while the fuse’s resistance R is inversely proportional
to the fuse’s cross-sectional area A and directly proportional to the fuse’s length L and
material density p (i.c., R=p*L/A). For example, the fuse's cross-sectional area may range
from 1.5 mm®— 2 mm’, the melting time may range from 3 seconds to 115 seconds, and the
burnout current may range from 10 amps to 70 amps. Of course any other range for these
parameters is also possible. The fuse material used may be steel, nickel, copper, various
alloys, or any other material which is configured to break down at too high a current.

[00119] In addition to (or as an alternative to) narrowing the width W of the
connector 324 to create the fuse 330, one may vary the depth D of the connector to create the
fuse 330 and set the burn out sensitivity of the fuse 330. In some embodiments, as illustrated
in the side view of an exemplary cell connector portion 335 of FIG. 11B, the depth D1 of the
fuse 330 may be the same as the depth of the first and second body portions 40, 41 of the cell
connector 324. In fact, in some embodiments the cell connector 324 is cut or otherwise
formed from a metallic sheet having a uniform depth throughout and, thus, the depth D1 of
all fuses 330 may be equal to each other and equal to the depth of the connector 324 in
general. However, in other embodiments such as the illustrated embodiment of FIG. 11C, the
connector’s depth narrows in the area of the fuse such that depth D2 of the fuse 330 is less
than the depth D3 of the first and second body portions 340, 341 of the illustrated cell
connector portion 335'. Assuming that depth D2 is less than depth D1, the fuse 330" of cell
connector portion 335" illustrated in FIG. 11C will burn out with less current than the fuse
330 of FIG. 11B. Regardless, by varying the length, width, and/or depth of the fuse (as well
as the materials used for the fuse), the manufacturer can make the fuse more or less sensitive
to thermal runaway. In this regard, as the cross-sectional area of the fuse 330 is decreased,
the fuse 330 will burn out with less current and/or in a shorter amount of time. Conversely,
as the cross-sectional area of the fuse 330 is increased, the fuse 330 has a higher tolerance for

a greater amount of current and/or will take a longer amount of time to burn out.
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[00120] It should be noted that different cross-sectional arcas may be created by
different shapes and dimensions and the present invention should not be limited to the
illustrative examples provided herein. Furthermore, although forming the connector 324
from a single unitary piece of material may have certain benefits, other embodiments of the
connector may be formed by joining a plurality of conductors and fuses together. Likewise,
although a substantially-rigid planar connector having uniform thickness may have certain
benefits, other embodiments of the connector may be formed into other shapes.

[00121] FIG. 12 illustrates a method 350 of protecting a battery system from
thermal runaway according to some embodiments. In block 351, a plurality of battery cells
are provided. For example, as previously presented in FIGS. 7-8, the amount of battery cells
may be eight, and the number of cell rows may be two. However, any amount of battery cells
and any number of cell rows may be provided.

[00122] In block 352, a cell connector as discussed herein is attached to terminals
of the plurality of battery cells, thereby forming a battery system. As previously discussed,
the cell connector may be connected to the battery cells by welding (or other method) the
pads of the cell connector to the output terminals of the battery cells. The cell connector
includes a fuse portion adjacent to each battery cell, as will be discussed later.

[00123] In block 353, the battery system is connected to a load so that the battery
cells may provide electrical power to the load through an end cell connector. The end cell
connector may be a connector that is attached to the last row of battery cells. As such, end
connectors are bound at each end of the series of rows. In this regard, the load is connected
to an end cell connector so that electrical power is transmitted from each battery cell through
the cell connector to the load. As such, as illustrated in FIG. 13A, current flows from a
battery cell 322' through a fuse 330 of the cell connector 324 to another battery or to the end
connector. This occurs for each battery cell connected with the cell connector 324 such that
the current flows from the positive terminal of the cells of one row to the negative terminals
of the cells of the second row. The current then travels through each successive row until the
current reaches the end cell connector, which is in turn connected to a load.

[00124] In block 535 of FIG. 12, if the current does not exceed a threshold, the
method 350 continues back to block 354 where the current is allowed to continue to flow
from the battery cell 322' to another cell or to the load. Otherwise, if the current 362 through
the fuse 330 exceeds a threshold for a certain amount of time, the battery cell 322' is not

working properly and thermal runaway has been determined to have occurred (block 356).
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[00125] In block 357, when thermal runaway occurs because the current has
exceeded the threshold, the fuse 330 burns out, melts, or otherwise disconnects the battery
cell 322' from the load, as illustrated in FIGS. 13B. This occurs because the fuse 330 heats
up due to a combination of internal resistance of the fuse material and the amount of current
flowing through the fuse. The fuse 330 electrically disconnects the deteriorated battery cell
322' by separating a cell connector first body portion 364 that is electrically attached to the
deteriorated battery cell 322" from a cell connector second body portion 366 that is
electrically connected with another battery cell or a load. It is noted that the fuse 340 is
disposed between the first and second body portions 364, 366 which have larger cross-
sectional areas tapering down to smaller cross-sectional area of the fuse 330. Nonetheless,
when the fuse has been broken or burned out (FIG. 13B), the first body portion 364 may still
be electrically attached to the deteriorated battery cell 322' via the cell connector pad that is
connected to the deteriorated battery cell 322'. However, a space 368 is created between the
first and second body portions 364, 366 creating an open circuit between the deteriorated
battery cell 322" and the other battery cells 322 and/or the load. This protects the load and/or
the other battery cells 322 from excessive current provided from the deteriorated battery cell
322"

[00126] In block 358 of FIG. 12, the remaining battery cells 322 stay connected to
the cell connector 324 and/or the load so that the remaining battery cells 322 continue to
provide power to the load while the deteriorated battery cell 322' does not.

[00127] FIG. 14 illustrates a method 380 of making a battery pack in accordance
with an example embodiment of the invention. It should be appreciated that some
embodiments of the invention may make manufacturing a battery pack easier when several
cells or groups of cells need to be connected in parallel with fuses located therebetween. In
this regard, a method of manufacturing a battery pack may include providing a plurality of
cells (or groups of cells) to be connected together at operation 381. As described above, in
some embodiments of the invention, the battery pack includes a plurality of rows of parallel-
connected cells, where each of these rows is connected in series using the cell connector
assembly. For example, a first row of cells (e.g., two or more parallel-connected cells) may
be connected in series with a second row of cells (e.g., another set of two or more parallel-
connected cells). Additional rows may be added to have any amount of rows of parallel-
connected cells such that the rows are serially-connected together.

[00128] The method 380 may further include holding the plurality of cells or groups

of cells in a predefined orientation relative to each other in operation 382. For example, in
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one embodiment, spacers are used to hold each cell an appropriate distance from adjacent
cells and align the cells in rows and/or columns so that the positive terminals of the first row
of cells are aligned with the negative terminals of the second row of cells.

[00129] The method 380 may further include an operation 383 of providing a
substantially-rigid cell connector (such as described above) that comprises a number of pads
equal to the number of cells of the first and second rows to be connected together, where the
connector has at least one fuse (e.g., narrowed cross section) between two of the pads. This
operation may include manufacturing the cell connector assemblies by, for example,
stamping the structure from a metallic sheet and/or fastening individual metallic conductors
together to form the structure. The cell connector may be manufactured so as to be
substantially-rigid at least to the point where it does not significantly lose its shape when
picked up at a single point.

[00130] The method 380 may further include, in operation 384, positioning the
substantially-rigid cell connector proximate the plurality of cells or groups of cells so that the
plurality of pads align with positive terminals of the first row of cells and the negative
terminals of the second row of cells. This allows the first row of cells to be placed in series
with the second row of cells. In some embodiments, this operation is performed robotically
by selecting one cell connector from a first group of cell connectors and holding it against the
cells so that the pad portions of the cell connector align with the respective terminals to be
connected. Here, embodiments of the invention where the cell connector is substantially-
rigid may be advantageous since the cell connector will not significantly deform when
picked-up and held by a robotic arm at, perhaps, a single contact point. Furthermore, if the
cells are properly positioned in operation 382, then all of the pad portions of the cell
connector should naturally align with the terminals when at least two pad portions are aligned
with the appropriate two terminals or when any two points on the cell connector are
otherwise positioned appropriately in space relative to the plurality of cells.

[00131] The method 380 may then include, in operation 385, welding (or fastening in
another way) each of the pad portions of the first cell connector to the terminal with which
cach pad portion aligns. In some embodiments, the welding is completed robotically via a
robotic spot welder that, now that the cell connector is held so that all of the pad portions are
aligned with the appropriate terminals, can quickly spot weld all of the connections by
moving to the appropriate points in space and welding the connector to the terminal down the

line of the pad portions.
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[00132] Operations 386, 387, and 388 are similar to operations 383, 384, and 385, but
are completed for the positive terminals of the second row of cells. This will allow the
positive terminals of the second row of cells to be connected in parallel with each other.
Additionally, the second row of cells may be connected in series to a third row of cells by
connecting the positive terminals of the second row of cells to the negative terminals of the
third row of cells, similar to connecting the first row of cells to the second row of cells
discussed above. Any number of rows can be similarly added using another connector so that
cach parallel-connected cells of a row is attached in series with another row. Furthermore, a
third connector may be connected to the negative terminals of the first row of cells to place
the first row of cells in parallel with each other. This third connector may be an end
connector and connect to a negative terminal of a load.

[00133] The method 380 may also include operation 389 where the end cell
connectors are electrically connected, via an external fuse, to the positive and negative
terminals of the battery pack, respectively. As mentioned above, the end cell connectors are
the cell connectors that are at the beginning and end of the rows of cells connected in series.
[00134] As illustrated by operation 390, the completed cell structure may then be
disposed within a battery pack housing, where the housing makes the common output
electrically assessable. For example, a positive terminal and a negative terminal may extend
from the through openings in the housing wall, and such terminals are to be connected to a
load, as discussed below.

[00135] It will be appreciated that method 380 illustrates an example method of
making a battery pack according to an embodiment of the invention. It should also be
appreciated that other methods may also be used and that some steps in the method may be
completed in a different order or simultancously.

[00136] Thus, the cell connector, as discussed herein, may be a unitary piece of metal
which has at least one internal fuse built into such piece of metal. As such, in one
embodiment, no external fuse may be needed and the only fuse(s) used in the circuit are those
which are integral with the cell connector as discussed herein. In another embodiment, the
internal fuse of the cell connector may be used in conjunction with an external fuse to provide
a backup or additional fuse(s).

[00137] FIGs. 23-24 illustrate embodiments of a battery pack according to various
embodiments: FIGs. 23A-B illustrates top and bottom perspective views of a battery pack
according to an example embodiment. FIG. 23C-D illustrates top and side views of the

battery pack of FIG. 23A.
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[00138] Referring first to FIG. 23, the battery pack 700 is substantially similar to the
battery cells and electrode connector system discussed above in the system in FIG. 2A that is
placed in battery pack 10. The cells are connected in parallel and series as discussed
previously using electrode connectors 33 and end connectors 170. As illustrated in Figures
23C and 23D, current travels from one end connector 170 to the other end connector 170
along each respective column of cells. As shown in Figure 23D, a column of cells are shown
and the current flow is shown. Tabs 702 extend from each electrode connector 33 on the
bottom of the cells and tabs 704 extend from each electrode connector 33 on the top of the
cells as illustrated in Figures 23A-B and 23D. The tabs 702, 704 are connected to a printed
circuit board (such as PCB 606 of Figure 22) which is in turn connected to a processor and
computer logic.

[00139] Figure 23D illustrates that voltage can be taken between a top tab 702 and an
adjacent bottom tab 704 so that a voltage over a single cell can be determined. For example,
the voltage of cell "a" in Figure 23D can be taken by measuring the voltage between tab 702
and tab 704'. This allows the user to determine when a single cell has deteriorated. To
determine if the cell has deteriorated, the voltage measurement over the single cell will be
reduced below a threshold, according to one embodiment. In some embodiments, the current
along each column of cells may be determined. As such, when a cell has deteriorated, that
cell pulls more current than properly functioning cells and thus, the deteriorated cell can be
pinpointed based on current measurements in the columns to determine which column is
pulling more current and based on voltage measurements on each row to determine which
row has dropped in voltage. Based on determining which column is drawing more current
and which row has a lower voltage, the cell in X row and Y column is the deteriorated cell
according to an embodiment. According to another embodiment, the row where the cell is
improperly functioning is determined based on the voltage level of the row taken from the
tabs. If a row has a voltage lower than a predetermined threshold, then it is determined that
that row has a cell that has been deteriorated.

[00140] FIG. 24 illustrates a top view of three separate rows (i.e., A, B, and C) of
battery cells according to some embodiments. Row "A" illustrates the cells as previously
discussed in Figures 7-10 where a conductive tape connects the cells together. Row "B"
illustrates four groups of four individually-connected cells. Each group is then connected to
cach other using a connector portion 800. Each connector portion 800 connects one group of
four cells to another group of four cells so that each group of cells are connected together in

parallel similar to each row of FIG. 23. Each connector portion 800 includes a fuse 802
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similar to the fuses previously discussed with regard to FIGS. 7-13. The fuse 802 is
accordingly configured to burn out if a predetermined amount of current travels therethrough
thereby disconnecting one group of four cells to the other cells.

[00141] It should be understood that the group of cells may be any number of cells
and need not ¢ limited to the embodiment of Row "B" of four cells. For example, Row "C"
illustrates that the row of cells may be six individually-connected cells instead of four cells.
Additionally, it should be understood that any number of groups of cells could be connected

using the connector portion 800.

1V. BACKPACK BATTERY PACK

[00142] As discussed above, battery cells are electrically connected together using
cell connectors. The battery pack has a positive terminal and a negative terminal for
providing power to a power tool. The battery pack may be worn on the back of a person to
carry the battery. Below is a discussion of the backpack to hold the battery.

[00143] FIG. 15 illustrates the battery pack incorporated into a backpack battery 400
in accordance with an example embodiment, and FIG. 16 illustrates a partially exploded view
of the backpack battery pack 410 according to an example embodiment. The backpack
battery 400 is a battery pack configured to be worn on the user’s back during operation. In an
example embodiment, the backpack battery pack 410 may affixed to straps 405 or another
harness that may be usable to attach the backpack battery 400 to the user's back. In some
cases, the backpack battery pack 410 may be oriented such that an upper end 402 thereof is
oriented upward and a lower end 404 thereof is oriented downward. The backpack battery
pack 410 may also have sidewalls 406 that extend between the upper end 402 and the lower
end 404 along sides of the backpack battery pack 410. The sidewalls 406 may form part of a
battery pack housing 420, which may form a rigid casing or housing around the battery pack.
[00144] In an example embodiment, the battery pack may be oriented such that the
fans 42 are proximate to the lower end 404 of the backpack battery pack 410. Accordingly,
for example, an inlet screen 424 through which incoming air may be drawn may also be
disposed at the lower end 404 of the backpack battery pack 410. Moreover, in some
embodiments, the inlet screen 424 may be disposed such that it is oriented downward when
the backpack battery pack 410 is worn on the user's back so that incoming air is drawn
upward and the fans 42 are less exposed to the elements (e.g., rain and falling debris). Air is

therefore passed through channels (e.g., airflow channels 70) that are oriented vertically when
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worn on the user's back. Moreover, the inlet and the airflow channels may both be aligned
vertically, while the outlet of the air is oriented horizontally.

[00145] In this regard, for example, after the air is passed through the battery pack as
described above, the air may be rejected out of an outlet screen 422 that may be disposed in
portions of the sidewalls 406 that are proximate to the upper end 402. Since the outlet screen
422 is oriented to the side of the backpack battery pack 410, again rain, falling debris and/or
other potential contaminants may be inhibited from entering the battery pack housing 420. In
some cases, two outlet screens 422 may be provided such that they allow air to exit the
backpack battery pack 410 in opposite directions to distribute ejected air behind and away
from the user. The placement of the inlet screen 422 and outlet screen 424 also enables the
battery pack to be shielded by the user's body at least in part from debris or other
environmental materials that may be stirred via operation of the equipment powered by the
battery pack since such equipment powered by the battery pack is typically utilized in front of
the user.

[00146] In an example embodiment, the backpack battery pack 410 may further
include a start button 412 disposed at a portion of a top cover 428 of the battery pack housing
420. LED lights 414 may also be provided to indicate an operational state of the backpack
battery pack 410 and/or provide information about thermal properties of the backpack battery
pack 410. The cell retainer of the battery pack may be disposed below the top cover 428 of
the battery pack housing 420 and may be mated with a bottom cover 426. As such, the cell
retainer may be completely enclosed between the bottom cover 426 and the top cover 428.
Connectors 427 may be provided at various locations in order to facilitate fixing the bottom
cover 426 to the top cover 428. In some embodiments, a handle 429 may be provided at the
upper end 402 of the battery pack housing 420 to enable the user to carry the backpack
battery pack 410 when it is not strapped to the user's back. In an example embodiment, seals
may be provided proximate to the inlet screen 424 (or the outlet screen 422) between the
battery pack housing 420 and the cell retainer to further inhibit the entry of air, moisture and
debris between the battery pack housing 420 and cell retainer.

[00147] In some embodiments, one or more fuse elements 418 may be provided
between the battery pack and the equipment that is powered thereby. Moreover, a PCB 417
may be provided with control circuitry that may be used to control the application of

electrical power from the battery pack.

V. BATTERY PACK POWER ADAPTER
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[00148] FIG 17 shows a perspective and partially broken up view of a power adapter
501 (which is the same adapter mentioned above using reference numeral 1). The power
adapter is electrically connected to the positive and negative terminals of the battery pack so
that the battery cells in the battery pack provide power to a power tool which connected to the
adapter 501. Accordingly, the power adapter 501 is to be inserted into a cordless hand-held
power tool and electrically and mechanically coupled to the cordless power tool for electrical
supply of the power tool.

[00149] The power adapter 501 comprises an adapter housing 502 in which a fixture
unit 503 is accommodated, in particular inserted from above and slidably placed and/or
removed from the housing 502. When the fixture unit 503 is properly mounted inside the
adapter housing 502, the housing 502 is closed from above by a housing lid 520 which is
fixed to the main part of the housing 502, e.g. by means of screws as shown in FIG 20 and
21.

[00150] The fixture unit 503 without or outside of the adapter housing 502 is shown
in FIG 18. The fixture unit 503 comprises two halves or two fixture sub-units 531 and 532,
cach having a plate-like base structure and a number of fastening elements 505 and 515
respectively by which fastening elements 505 and 515 the fixture sub-units 531 and 532 are
fastened to each other, in particular by snapping or shape-locking or also screws. In the
assembled or fastened state the two fixture sub-units 531 and 532 and the fastening elements
505 and 515 form a box-like or frame-like fixture unit 503 and enclose an inner space 536 of
the fixture unit 503.

[00151] The power adapter 501 comprises a contact and coupling electrical interface
506 adapted to be coupled to a respective counter interface of a cordless power tool.

[00152] In the inner space 536 of the fixture unit 503 it is, in a direct powering
operation, possible to arrange battery cells to electrically power the power tool directly from
the power adapter 501 through the electrical interface 506 of the power adapter 501 being
electrically coupled with a corresponding interface of the power tool when the power adapter
501 is mounted in the power tool.

[00153] When external batteries such as backpack battery assemblies to be carried on
the back of the user of the power tool are used for electric supply of the power tool the power
adapter 501 does not need to comprise batteries by itself. Rather, the power adapter 501 in
this case is connected to the external batteries by means of a cable 509 on one hand and by its

electrical interface 506 to the power adapter 501 on the other hand. In this indirect powering
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operation case the power adapter 501 has only the passive function of electrically connecting
the power tool with the external batteries, in particular backpack batteries.

[00154] The power adapter 501 has no batteries and thus lacks the weight it has in the
direct powering operation. This can lead to an unpleasant and different behavior of the power
tool during indirect powering operation as compared to direct powering operation.

[00155] To compensate this disadvantage a counter-weight or balancing weight 504
is provided in the power adapter 501 to reach at least approximately the same weight and
balance of the power tool as if batteries were present. Thus, for each power tool and battery
set a corresponding set of balancing weights can be provided.

[00156] The balancing weight 504 is arranged in the same region of the power
adapter 502, i.e. here the inner space 536 of the fixture unit 503, where in the direct powering
operation the batteries would be placed so as to emulate or produce the same balancing
behavior as if the batteries were present in the same place. In this case the balancing weight
504 can have the same mass as the batteries which may be placed in the adapter.

[00157] As shown in FIGS. 20 and 21, the power adapter 501 also comprises a
display unit 507. The display unit 507 is adapted and attached in such a way that, in an
indirect powering operation, the loading or charge status and/or temperature of a remote,
movable energy source, such as a backpack battery pack, can be displayed and observed by a
user during operation of the power tool. Such a display unit 507 is of particular advantage for
backpack battery packs, as the loading status of the battery pack on the back of the user in
this way can be easily checked during operation of a tool connected to the energy source and
power adapter 501. Signals for controlling the display unit may be outputted from an
electronic controller or the like of the energy source. Of course it is also possible that the
display unit 507 shows the charge status and/or temperature of batteries inside the power
adapter 501 in a direct powering operation, in particular when the first fixture sub-unit 531
with the weight 504 is replaced by a sub-unit adapted for batteries.

[00158] Furthermore, the power adapter 501 comprises a slewable cable outlet 508.
The slewable cable outlet 508 has an outlet opening 509. The outlet opening 509 is adapted to
guide through an electric cable for connecting the power adapter 501, in particular electrical
contacts of the coupling interface of the power adapter 501, to a remote energy source, such
as a backpack battery pack.

[00159] The slewable cable outlet 508 comprises a slewable member attached and
mounted to the housing 502 to be slewable as indicated by the double arrow in FIG 21. In

FIG 21, the slewable member is slewable in a horizontal plane. However, it is also or in the
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alternative possible to implement the slewable member to be slewable in a vertical plane.
Such a slewable member will greatly ease operation of a tool or device connected to the
power adapter 501 since the cable has a slewing range of up to 180° in a rotational
movement. Of course also a spherical movement is possible, i.¢. a rotation about two
orthogonal axes.

[00160] Also the housing 502 comprises air vents 510 which allow a flow of air
through the housing 502. As can be seen, despite of the balance weight 504 and fixture unit
503 accommodated in the housing 502, the housing 502 still comprises a dead volume. This
dead volume may contribute to enhanced air flow which may be used to cool the tool or

device operated via the power adapter 501.

VI. BATTERY PROTECTION SYSTEM

[00161] In some embodiments, a relay 602 may be disposed between the power tool
610 and the battery 600 as a safety or protection system. Figure 22 illustrates an embodiment
of the connection of the relay 602 with respect to the battery 600. The relay 602 may be
located on top of the battery 600 and be connected directly to the battery output so that the
relay 602 can disconnect the power of the battery 600. A fuse 604 may be connected in
series between the relay 602 (and thus the battery 600) and a printed circuit board ("PCB")
606 so that if power exceeds a threshold amount from the relay, the fuse will disconnect the
power to the PCB 606. The relay 602 (through the PCB 606) may be connected to a switch
608 that can be activated or deactivated by the user. The battery 600 must be activated (e.g.,
the switch turned on) before power is allowed to flow to the power tool 610 (which may also
have its own switch).

[00162] The output of the relay 602 is not only attached to the fuse 604 but also to
the load 610. The relay 602 may electrically disconnect the load 610 from the battery 600
upon deactivation of the switch 608 by the user. In one embodiment, the relay 602 is
controlled by electronics on the PCB 606 so that the relay 602 deactivates the battery 600 in
certain critical situations, such as over-heating, low temperature (being cold environment),
deep discharge of the battery, detection of unusually high current at the battery, high voltage
issue during charging, or any other situation which may create an unsafe condition or which
may damage the battery or power tool. In the case of over-heating or in low temperature
detection, a temperature sensor of the battery determines the temperature and sends the
temperature reading to the PCB. Upon exceeding a predefined temperature threshold

(overheating) or being below a predetermined threshold (low temperature), the PCB sends a
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signal to the relay to disconnect the battery 600 from the load 610. In the event of low
voltage (deep discharge) or high voltage, a voltage sensor on the PCB triggers disconnection
of the relay 602 if the voltage is under (low voltage event) a certain amount or over (high
voltage event) a predefined voltage. Similarly, in the event of a high current, a current sensor
on the PCB determines if the current exceeds a threshold amount of current and if so, the
relay 602 disconnects the battery 620 from the load 610.

[00163] Many modifications and other embodiments of the inventions set forth herein
will come to mind to one skilled in the art to which these inventions pertain having the
benefit of the teachings presented in the foregoing descriptions and the associated drawings.
Therefore, it is to be understood that the inventions are not to be limited to the specific
embodiments disclosed and that modifications and other embodiments are intended to be
included within the scope of the appended claims. Moreover, although the foregoing
descriptions and the associated drawings describe exemplary embodiments in the context of
certain exemplary combinations of elements and/or functions, it should be appreciated that
different combinations of elements and/or functions may be provided by alternative
embodiments without departing from the scope of the appended claims. In this regard, for
example, different combinations of elements and/or functions than those explicitly described
above are also contemplated as may be set forth in some of the appended claims. In cases
where advantages, benefits or solutions to problems are described herein, it should be
appreciated that such advantages, benefits and/or solutions may be applicable to some
example embodiments, but not necessarily all example embodiments. Thus, any advantages,
benefits or solutions described herein should not be thought of as being critical, required or
essential to all embodiments or to that which is claimed herein. Although specific terms are
employed herein, they are used in a generic and descriptive sense only and not for purposes

of limitation.

-40-



WO 2013/131588 PCT/EP2012/073443

CLAIMS

1. A battery pack comprising:

a plurality of battery cells, wherein each battery cell comprises a first end, a second
end, and a longitudinal axis running through the first end and the second end;

a cell housing comprising a first wall, a second wall, and a cell retention structure
there-between, wherein the cell retention structure is configured to retain the plurality of
battery cells in matrix of rows and columns such that the longitudinal axis of each battery cell
is substantially parallel to the longitudinal axes of the other battery cells; and

a plurality of connectors located on the exterior of the cell housing and electrically
connected to the plurality of battery cells through openings in the first and second walls of the
cell housing, wherein the plurality of connectors electrically connect the battery cells in each

row in parallel and the battery cells in each column in series.

2. The battery pack of claim 1,

wherein the first end of each battery cell comprises a positive terminal,

wherein the second end of each battery cell comprises a negative terminal,

wherein the plurality of battery cells comprises a first row of battery cells comprising
a first group of battery cells located adjacent to each other,

wherein the plurality of battery cells comprises a second row of battery cells
comprising a second group of battery cells located adjacent to each other,

wherein the second row of battery cells is located adjacent to the first row of battery
cells such that the positive terminals of the first row of battery cells are aligned with the
negative terminals of the second row of battery cells, and

wherein the battery pack further comprises a connector electrically connecting the
positive terminals of each of the battery cells of the first row of battery cells to the negative

terminals of the second row of battery cells.

3. The battery pack of claim 2,
wherein the first group of battery cells are located adjacent to each other such that the
positive terminals are aligned with each other and the negative terminals are aligned with

cach other,
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wherein the second group of battery cells are located adjacent to each other such that
the positive terminals are aligned with each other and the negative terminals are aligned with
cach other, and

wherein the connector electrically connects the positive terminals of the first group of

battery cells to each other.

4. The battery pack of claim 3, further comprising:
a second connector electrically connecting the negative terminals of the first group of

battery cells to each other.

5. The battery pack of claim 4, further comprising:

a third row of battery cells comprising a third group of battery cells located adjacent
to each other such that the that the positive terminals are aligned with each other and the
negative terminals are aligned with each other,

wherein the second row of battery cells is located adjacent to the third row of battery
cells such that the positive terminals of the second row of battery cells are aligned with the
negative terminals of the third row of battery cells, and

wherein the second connector electrically connects the negative terminals of each of
the third row of battery cells so that the negative terminals of the third row of battery cells are

electrically connected to the positive terminals of the second row of battery cells.

6. The battery pack of claim 1, wherein a plurality of cell reception slots within the cell
housing to receive the battery cells, the cell reception slots being configured within the cell
housing to define at least one fluid flow channel extending substantially through the cell

housing so that air may flow through the at least one fluid flow channel.

7. The battery pack of claim 1,

wherein the plurality of battery cells define a battery pack positive terminal and a
battery back negative terminal,

wherein the battery pack positive and negative terminals are connected to a power
adapter via an electrical cable, and

wherein the power adapter has a coupling electrical interface that is configured to

attached to a power tool.
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8. The battery pack of claim 1,

wherein the battery pack is incorporated within a backpack battery,

wherein the backpack battery is affixed to a harness that is configured to attach the
backpack battery to a user's back such that the battery pack is configured to be worn on the
user’s back during operation,

wherein the backpack battery comprises an upper end, a lower end, and sidewalls that
extend between the upper end and the lower end along sides of the backpack battery pack,

wherein the backpack battery is oriented such that incoming air may be drawn into the
battery pack from the lower end and is dispelled from the battery pack from an outlet screen
that is disposed in portions of the sidewalls that are proximate to the upper end, and

wherein the backpack battery further comprises a control element disposed at a

portion of the battery pack housing.

9. The battery pack of claim 1, wherein at least one of the plurality of connectors
comprises at least one fuse integrally formed therein such that at least one fuse is located
electrically between two battery cells, wherein the at least one fuse comprises a fuse portion
and wherein the at least one of the plurality of connectors comprises:
a first body portion comprising a first cross-sectional area;
a second body portion comprising a second cross-sectional area;
the fuse portion disposed between the first and second body portions and
comprising a third cross-sectional area which is less than the first cross-sectional area
and less than the second cross-sectional area, the third cross-sectional area being
dimensioned so as to disconnect the first body portion from the second body portion
when a current traveling to or form one of the group of three of more battery cells

reaches a threshold.

10.  The battery pack of claim 1,

wherein a cell connector of the plurality of connectors comprises a plurality of
metallic arms arranged in a hierarchical structure including at least two levels each having at
least one arm, such that the cell connector defines a plurality of current paths from each of the
contacted cells to a combined output, and

wherein the plurality of current paths are substantially equal to each other in length.
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11.  The battery pack of claim 1, wherein the plurality of connectors comprises a first end
connector attached to a negative terminal of a first row of battery cells and a second end
connector attached to a positive terminal of an end row of battery cells so that the first end
connector forms a negative terminal of the battery pack and the second end connector forms a

positive terminal of the battery pack.

12.  The battery pack of claim 1, wherein the cell housing comprises a plurality of cell
reception slots within the cell to receive respective ones of the battery cells, wherein the cell
reception slots are disposed in a same plane to hold the cells such that a longitudinal
centerline of each one of the cells is parallel to a longitudinal centerline of other ones of the
cells, the cell reception slots being disposed in at least two columns within the cell housing
such that the cell reception slots of each cell in a same column are directly connected to each

other by respective ribs to form respective sidewalls of the fluid flow channel.

13.  The battery pack of claim 1, wherein the cell retainer assembly overlaps opposing
longitudinal ends of the battery cells and includes a seal proximate to each longitudinal end to
seal a space between the respective longitudinal ends of the battery cells and the cell retainer

assembly.

14. A method of creating a battery pack, the method comprising:

arranging a plurality of battery cells within a cell housing in a plurality of rows of
battery cells such that battery cells are positioned within each row to have the same polarity
as other battery cells within the same row and the opposite polarity of battery cells in an
adjacent row;

providing a plurality of connectors on the exterior of the cell housing; and

electrically connecting the plurality of connectors to the plurality of battery cells

through openings in the cell housing.

15. The method of claim 14,

wherein a first row of battery cells is located adjacent to a second row of battery cells
such that positive terminals of each of the battery cells of the first row are aligned with the
negative terminals of the battery cells of the second row,

wherein a first connector electrically connects positive terminals of each of the battery

cells of a first row of battery cells together and a second connector electrically connects

44



WO 2013/131588 PCT/EP2012/073443

negative terminals of each of the battery cells of the first row of battery cells together so that
the first row of battery cells are connected in parallel

wherein the first connector also electrically connects the positive terminals of each of
the battery cells of the first row of battery cells to the negative terminals of the second row of

battery cells so that the first row is electrically in series with the second row.

16. The method of claim 14, further comprising:

providing connectors comprises providing connector plates, wherein each connector
plate comprises a single piece of metallic material that is configured to have pad portions
which will connect to terminals of battery cells; and

fastening pad portions corresponding with the battery cells such that each pad portion

is fastened to a terminal of one battery cell in the group of battery cells.

17.  The method of claim 14, wherein the fastening the pad portions comprises welding

the pad portions to corresponding terminals of the battery cells.

18.  The method of claim 14, wherein the battery pack comprises a top portion and a
bottom portion, and wherein some connectors are fastened to the top portion and other

connectors are fastened to the bottom portion of the battery pack.

19.  The method of claim 14, wherein the connectors comprises a first end cell connector
and a second end cell connector, wherein the first end cell connector is attached to a negative
terminal at the beginning of a first row of cells and the second end cell connector is attached
to a positive terminal of a last row of cells such that the first and second end cell connectors

are beginning and end nodes of the battery pack.

20. The method of claim 19, wherein a load is connected to the first and second end cell

connectors to electrically connect the battery pack to the load.

21. The method of claim 20, wherein each connector is attached to a printed circuit board

to control power of the battery pack to the load.

22.  The method of claim 14, wherein the cell housing forms a portion of a cell retainer

assembly, the cell retainer assembly including:
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a top part forming substantially a top half of a cell retainer assembly; and

a bottom part forming substantially a bottom half of the cell retainer assembly, the top
part and bottom part fitting together to form the cell retainer assembly,

and wherein the cell retainer assembly defines the cell housing, an inlet flow guide
distributing air into a plurality of fluid flow channels in a first direction and an outlet flow
guide for directing air exiting from the fluid flow channels to a second direction that is

substantially perpendicular to the first direction.

23. The method of claim 14, wherein at least one of the plurality of connectors comprises
at least one fuse integrally formed therein such that at least one fuse is located electrically
between two battery cells, wherein the at least one fuse comprises a fuse portion and wherein
the at least one of the plurality of connectors comprises:
a first body portion comprising a first cross-sectional area;
a second body portion comprising a second cross-sectional area;
the fuse portion disposed between the first and second body portions and
comprising a third cross-sectional area which is less than the first cross-sectional area
and less than the second cross-sectional area, the third cross-sectional area being
dimensioned so as to disconnect the first body portion from the second body portion
when a current traveling to or form one of the group of three of more battery cells

reaches a threshold.

24. A battery pack comprising:

a plurality of battery cells, wherein each battery cell comprises a positive terminal and
a negative terminal, wherein the plurality of battery cells comprises a first row of battery cells
located adjacent to each other such that the positive terminals are aligned with each other and
the negative terminals are aligned with each other, wherein the plurality of battery cells
comprises a second row of battery cells located adjacent to each other such that the positive
terminals are aligned with each other and the negative terminals are aligned with each other,
and wherein the second row of battery cells is located adjacent to the first row of battery cells
such that the positive terminals of the first row of battery cells are aligned with the negative
terminals of the second row of battery cells; and

a first unitary connector electrically connecting the positive terminals of at least two
battery cells of the first row of battery cells to each other and to the negative terminals of at

least two battery cells of the second row of battery cells, wherein the first unitary connector
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comprises at least one fuse located electrically between at least one battery cell and a

plurality of other battery cells electrically connected together by the first unitary connector.

25.  The battery pack of claim 24, further comprising:

a third row of battery cells located adjacent to each other such that the positive
terminals are aligned with each other and the negative terminals are aligned with each other,
wherein the third row of battery cells is located adjacent to the second row of battery cells
such that the positive terminals of the second row of battery cells are aligned with the
negative terminals of the third row of battery cells; and

a second unitary connector electrically connecting the positive terminals of at least
two battery cells of the second row of battery cells to each other and to the negative terminals
of at least two battery cells of the third row of battery cells, wherein the unitary connector
comprises at least one fuse located electrically between at least one battery cell and a

plurality of other battery cells electrically connected together by the unitary connector.

26.  The battery pack of claim 25, wherein the first unitary connector connects the first
row of battery cells in parallel, and wherein the second unitary connector connects the second

row of battery cells in parallel.

27.  The battery pack of claim 25, wherein the first, second and third unitary connectors

electrically connect the first, second and third rows in series.

28.  The battery pack of claim 24, wherein the first unitary connector comprises pad
portions configured to connect to terminals of battery cells such that each pad portion is

fastened to a terminal of one battery cell in the plurality of battery cells.

29.  The battery pack of claim 24, wherein the first unitary connector comprises at least
one fuse integrally formed therein such that at least one fuse is located electrically between
two battery cells, wherein the at least one fuse comprises a fuse portion and wherein the first
unitary connector comprises:

a first body portion;

a second body portion;

the fuse portion disposed between the first and second body portions, the fuse portion

being dimensioned so as to disconnect the first body portion from the second body portion
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when a current traveling to or form one of the group of three of more battery cells reaches a

threshold.

30.  The battery pack of claim 24, wherein the first unitary connector comprises a unitary

picce of metal and the at least one fuse is integrally formed in the first unitary connector.

31.  The battery pack of claim 24, wherein the first unitary connector comprises a fuse of
the at least one fuse is disposed between a first pair of battery cells and a second pair of
battery cells so that when the fuse breaks down due to current the first pair of battery cells is

electrically isolated and disconnected from the second pair of battery cells.

32.  The battery pack of claim 24, wherein the first unitary connector comprises a fuse of
the at least one fuse disposed between a first battery cell and a second battery cell so that
when the fuse breaks down due to current the first battery cell is electrically isolated and

disconnected from the other battery cells.

33. A method of creating a battery pack with a plurality of battery cells connected in
series and in parallel and at least one internal fuse located electrically between at least two
battery cells in the battery pack, the method comprising:

arranging a plurality of battery cells into rows including a first row of battery cells
located adjacent to each other such that positive terminals of the battery cells in the first row
of battery cells are aligned with each other and negative terminals of the battery cells in the
first row of battery cells are aligned with each other, and further including a second row of
battery cells located adjacent to the first row of battery cells such that the positive terminals
of the first row of battery cells are aligned with negative terminals of the second row of
battery cells;

providing a first unitary connector having two rows of pad portions extending
outwardly from a body portion, wherein at least one fuse portion is electrically located
between at least one pad portion and a plurality of other pad portions;

aligning the first unitary connector with the plurality of battery cells such that the two
rows of pad portions align with the positive terminals of the first row of battery cells and the
negative terminals of the second row of battery cells; and

electrically connecting each pad portion of the first unitary connector to the battery

cell terminal with which the pad portion is aligned.
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34.  The method of claim 33, further comprising:

providing a second unitary connector;

aligning the second unitary connector with a group of battery cells to align with the
negative terminals of the first row of battery cells and the positive terminals of a third row of
battery cells; and

electrically connecting pad portions of the second unitary connector to battery cell

terminals with which each pad portion of the second unitary connector is aligned.

35.  The method of claim 33, wherein a plurality of battery cells are arranged within a cell
housing in a plurality of rows of battery cells such that battery cells are positioned within
cach row to have the same polarity as other battery cells within the same row and the
opposite polarity of battery cells in an adjacent row, the cell housing comprising a first wall, a

second wall, and a cell retention structure there-between.

36.  The method of claim 33, wherein the at least one internal fuse comprising:
a first body portion comprising a first cross-sectional area;
a second body portion comprising a second cross-sectional area; and
a fuse portion disposed between the first and second body portions and
comprising a third cross-sectional area which is less than the first cross-sectional area
and less than the second cross-sectional area, the third cross-sectional area being
dimensioned so as to disconnect the first body portion from the second body portion

when a current traveling to or form one of the battery cells reaches a threshold.

37.  The method of claim 36, wherein the fuse portion is composed of a different type of

material than the first and second body portions.

38.  The method of claim 33, wherein the first unitary connector comprises a body portion
attached to a pad portion to attach a first battery cell to other battery cells, and wherein a fuse
of the at least one fuse is disposed between the pad portion and the body portion so that when

a fuse breaks down, the first battery cell is disconnected from the other battery cells.

39.  The method of claim 33, wherein the first unitary connector comprises a body portion

attached to pad portions which attach a pair of battery cells to other battery cells, and wherein
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a fuse of the at least one fuse is disposed within the body portion so that when a fuse breaks

down, the pair of battery cells is disconnected from the other battery cells.

40.  The method of claim 33, further comprising disposing an external fuse between the

plurality of battery cells and a load.

41. The method of claim 33, electrically connecting a relay in series between a load and
the battery cells so that when a predetermined event occurs, the relay disconnects the battery

cells from the load.

42. A battery pack comprising:

a plurality of battery cells within a cell housing arranged in a plurality of rows of
battery cells;

a plurality of connectors on the exterior of the cell housing that connect to a printed
circuit board, wherein the printed circuit board is connected to a load, wherein the plurality of
connectors are connected to the plurality of battery cells through openings in the cell housing;
and

a relay in series between the printed circuit board and the battery cells so that when a

predetermined event occurs, the relay disconnects the battery cells from the load.

43.  The battery pack of claim 42, further comprising a fuse connected in series between

the relay and the printed circuit board.

44.  The battery pack of claim 42, wherein the predetermined event comprises one of
detecting overheating of the battery cells, detecting that a temperature of the battery cells
being under a temperature threshold, detecting a voltage of the battery cells exceeding a
predefined voltage, detecting a voltage of the battery cells being less than a predefined
threshold, or detecting a high current of the battery cells.

45.  The battery pack of claim 44, wherein the predetermined event is determined by a

sensor located on the printed circuit board or in the battery cells.
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Providing a plurality of cells or groups of cells to be

210
Ve

connected in parallel

Holding the plurality of cells or group of cells in a
predefined orientation relative to each other

220
Ve

}

Providing two substantially-rigid cell connector
assemblies that each comprise a tree-like structure that
defines substantially equal length current paths between
a first end portion and a plurality of second end portions

230
v

4

- Positioning a first of the substantially-rigid cell
connector assemblies proximate to the plurality of cells
or groups of cells so that the plurality of second end
portions align with positive terminals of the plurality of
cells or groups of cells

240
/‘

| Welding each of the second end portions of the first cell

connector assembly to the positive terminal with which
each second end portion aligns

250
Ve

A,

Positioning a second of the substantially-rigid cell
connector assemblies proximate to the plurality of cells
or groups of cells so that the plurality of second end
portions align with negative terminals of the plurality of
cells or groups of cells

260
e

Welding each of the second end portions of the second
cell connector assembly to the positive terminal with
which each second end portion aligns

270
Ve

|

Welding the first end portions of the two substantially-
rigid cell connector assemblies to the common output
(e.g., PCB)

280
/‘

Disposing a completed cell structure within a battery
pack housing that makes the common output electrically
- accessable

290
/‘

FIG. 6
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PROVIDE A PLURALITY OF BATTERY CELLS

ATTACH (E.G., WELD) A CELL CONNECTOR TO
THE PLURALITY OF BATTERY CELLS, FORMING A
BATTERY SYSTEM, WHEREIN THE CELL
CONNECTOR HAS A PORTION PROXIMATE TO
EACH BATTERY CELL THAT HAS A SMALLER
CROSS-SECTION THEREBY PROVIDING A FUSE
FOR EACH BATTERY CELL

'

CONNECT THE BATTERY SYSTEM (VIA THE CELL
CONNECTOR) TO A LOAD SO THAT THE BATTERY
CELLS PROVIDE ELECTRICAL POWER TO THE
LOAD THROUGH THE CELL CONNECTOR

l

CURRENT FLOWS THROUGH EACH FUSE

CURRENT
THROUGH ANY
FUSE EXCEED A
THRESHOLD?

YES
v

NO

BATTERY CELL HAS DETERIOTIATED AND
ENCOUNTERED THERMAL RUN AWAY

FUSE ON THE CELL CONNECTOR PROXIMATE TO
THE DETERIORATED BATTERY CELL
DISCONNECTS THE DETERIORATED BATTERY
CELL FROM THE LOAD AND FROM THE OTHER
BATTERY CELLS (E.G., BY THE FUSE MELTING)

REMAINING BATTERY CELLS REMAIN
CONNECTED TO THE CELL CONNECTOR AND
THE LOAD SO THAT THE REMAINING BATTERY
CELLS PROVIDE POWER TO THE LOAD WHILE

THE DETERIORATED BATTERY CELL DOES NOT

FIG. 12
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PROVIDING A GROUP OF THREE OR MORE CELLS TO BE /_
CONNECTED IN PARALLEL

v

HOLDING THE PLURAITY OF CELLS IN A PREDEFINED ORIENTATION /_ 382
RELATIVE TO EACH OTHER

v

PROVIDING A SUBSTANTIALLY-RIGID CELL CONNECTOR THAT
COMPRISES A NUMBER OF PADS EQUAL TO THE NUMBER OF /— 383

CELLS IN THE GROUP OF THREE OR MORE OF CELLS TO BE
CONNECTED IN PARALLEL, WHERE THE CONNECTOR HAS AT
LEAST ONE FUSE (E.G., NARROWED CROSS SECTION) BETWEEN
EACH OF THE PADS

POSITIONING THE SUBSTANTIALLY-RIGID CONNECTOR PROXIMATE
THE PLURALITY OF CELLS SO THAT THE PADS ALIGN WITH THE
POSITIVE TERMINALS OF THE GROUP OF CELLS

WELDING EACH OF THE PADS TO THE POSITIVE TERMINAL WITH /_
WHICH THE PAD IS ALIGNED

PROVIDING A SECOND SUBSTANTIALLY-RIGID CELL CONNECTOR 386
THAT COMPRISES A NUMBER OF PADS EQUAL TO THE NUMBER OF /_
CELLS IN THE GROUP OF THREE OR MORE CELLS TO BE
CONNECTED IN PARALLEL

POSITIONING THE SECOND SUBSTANTIALLY-RIGID CONNECTOR | — 387
PROXIMATE THE PLURALITY OF CELLS SO THAT THE PADS ALIGN
WITH THE NEGATIVE TERMINALS OF THE GROUP OF CELLS

WELDING EACH OF THE PADS TO THE NEGATIVE TERMINAL WITH /_ 388
WHICH THE PAD IS ALIGNED

v

CONNECTING THE POSITIVE AND NEGATIVE CONNECTORS TO /— 389
BATTERY PACK TERMINALS VIA AN EXTERNAL FUSE OF THE
PATTERY PACK

ASSEMBLING A BATTERY PACK HOUSING AROUND THE BATTERY /_ 390
SYSTEM

FIG. 14
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BATTERY RELAY
600 602

LOAD (E.G., TO
ADAPTER, POWER
TOOL, ETC.)
610 PCB
606

SWITCH
608

FIG. 22
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