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(57) Abstract: A method for producing a negative grid for a battery which includes providing a strip of battery grid material and
performing a punching operation on the battery grid material to remove material and form a grid. The punching operation produces
& a negative battery grid having a plurality of grid wires bounded by a frame. The battery grid includes a top frame member. A first
side frame member is coupled to the top frame member at a first end thereof. A second side frame member is coupled to the top
frame member at a second end thereof. A bottom frame member is spaced apart from the top frame member and coupled to the first
side frame member and the second side frame member. The negative grid does not include exposed wire ends that may puncture a
polymeric separator when the negative grid is provided within the separator.
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NEGATIVE GRID FOR BATTERY

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] This application claims priority to and benefit of U.S. Provisional
Application No. 60/904,404, filed March 2, 2007, which is incorporated herein by

reference in its entirety.
BACKGROUND

[0002] The present application relates generally to the field of batteries (e.g., lead-
acid starting, lighting, and ignition batteries for vehicles such as automobiles). More
particularly, the present application relates to negative grids for use in such batteries

and methods for making such negative grids.

[0003] Lead-acid batteries typically include a number of cell elements which are
provided in separate compartments of a container containing sulfuric acid electrolyte.
Each cell element includes at least one positive plate or grid, at least one negative
plate or grid, and a porous separator (e.g., a polymeric separator) positioned between
each positive and negative plate. The positive and negative plates each comprise a
lead or lead alloy grid that supports an electrochemically active material (referred to
as a battery paste). The active material is a lead-based matenial (i.e., PbO, PbO,, Pb
or PbSOQ; at different charge/discharge stages of the battery) that is pasted onto the
grid. The grids provide an electrical contact between the positive and negative active

materials which serves to conduct current.

[0004] Conventionally, positive and negative grids are manufactured using different
processes. For example, positive grids may be made using a number of different
methods. One method involves the use of conventional gravity cast book mold
operations. Another more recent method involves producing the grids in a continuous
process in which a continuous strip of metal (e.g., a lead alloy) that has been
previously cast is introduced into a die to remove material therefrom in a punching

operation (e.g., using a progressive die) to form the structure of the grids. Individual
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wires of the grids may be deformed or "coined" to improve battery paste adhesion using a
specially-adapted die. Such a process is described in greater detail in the following U.S. patents
which are incorporated by reference herein in their entirety: U.S. Patent No. 5,582,936; U.S.
Patent No. 5,989,749; U.S. Patent No. 6,203,948; U.S. Patent No. 6,274,274; and U.S. Patent
No. 6,953,641.

[0005] In contrast, negative grids are typically formed using an expanded metal process. A lead
alloy strip is manufactured, either by casting (namely, cast strip) or by casting and rolling
(namely, wrought strip), and the strip is subsequently slit and expanded to generate the desired

grid pattern in a strip of interconnected battery grids.

[0006] It would be desirable to provide an improved method for producing negative grids for
use in lead-acid batteries. It would also be desirable to provide negative grids that have features
that improve their manufacturability and performance. It would be desirable to provide a grid
and/or a method of producing a grid that includes any one or more of these or other

advantageous features, as will be apparent to those reviewing the present disclosure.

Object

[0007] It is the object of the present invention to substantially overcome or at least ameliorate

one or more of the foregoing disadvantages or to substantially address the above discussed need.

Summary

[0007a] An aspect of the present invention provides a method for producing a negative grid for a
battery comprising:

providing a strip of battery grid material;

performing a punching operation on the battery grid material to remove material and form
the negative battery grid;

whereby the negative battery grid has a plurality of grid wires formed by the punching
operation into a uniform pattern of grid wires bounded by a frame comprising:

a top frame member;

a first side frame member coupled to the top frame member at a first end thereof;

a second side frame member coupled to the top frame member at a second end thereof;

AH26(8623873_1):KEH
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a bottom frame member spaced apart from the top frame member and coupled to the first
side frame member and the second side frame member;

wherein each grid wire of the plurality of grid wires coupled to the top frame member is
joined to the top frame member at an intersection point having a conductivity enhancing feature
configured to aid conductivity between the plurality of grid wires and the frame;

wherein the conductivity enhancing feature is formed by a gradual widening of grid wire
beginning from a node immediately adjacent to the top frame member toward the intersection
point; and

wherein the negative grid is free of exposed wire ends for preventing puncturing of a

polymeric separator when the negative grid is provided within the separator.

[0007b] Another aspect of the present invention provides a negative battery grid comprising: a
frame comprising a top element, a bottom element, a first side element, and a second side
element; a plurality of grid wires forming a uniform pattern of wires provided within the frame
and defining a plurality of open areas, wherein each grid wire of the plurality of grid wires
coupled to the top frame member is joined to the top frame member at an intersection point
having a conductivity enhancing feature configured to aid conductivity between the plurality of
grid wires and the frame, wherein the conductivity enhancing feature is formed by a gradual
widening of grid wire beginning from a node immediately adjacent to the top frame member
toward the intersection point; and a current collection lug extending from the top element in a

first direction.

AH26(8623873_1):KEH
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Brief Description of the Drawings

[0008] A preferred embodiment of the invention will now be described, by way of example

only, with reference to the accompanying drawings, wherein:

[0008a] FIGURE 1 is a cutaway perspective view of a battery according to an exemplary

embodiment

[0009] FIGURE 2 is a plan view of a prior art negative battery grid for use in lead-acid batteries

that we produced using an expanded metal process.

[0010] FIGURE 3 is a plan view of a negative battery grid according to an exemplary

embodiment.

[0011] FIGURES 4-8 are cross-sectional views of grid wires according to a number of

exemplary embodiments.

[0012] FIGURE 9 is a plan view of a negative battery grid according to another exemplary

embodiment.

[0013] FIGURES 10-11 are detail views of portions of the grid shown in FIGURE 9.

[0014] FIGURE 12 is a plan view of a negative grid according to another exemplary

embodiment.

[0015] FIGURE 13 is a plan view of a negative grid according to another exemplary

embodiment.
Detailed Description

[0016] FIGURE 1 is a cutaway perspective view of a battery 10 having a housing or container
12 and a cover or lid 14 coupled to the housing 12. Terminals or posts 16, 18 protrude from a
top surface of the cover 14. According to an exemplary embodiment, terminal 16 is a positive
terminal and terminal 18 is a negative terminal. According to other exemplary embodiments,
terminals may be provided in other locations (e.g., positioned on a front surface of the container,

as in a side-terminal battery).

AH26(7656004_1):KEH
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[0017] The housing 12 is internally subdivided into separate spaces 20 by walls or
partitions 22. Within each space 20 is provided a cell element 30 that is made up of
alternating positive plates 32 (e.g., electrodes, grids) and negative plates 34 (e.g.,
electrodes, grids). The positive and negative plates are separated by porous polymeric
separators 36 (e.g., the negative plates are provided in separator envelopes to separate
them from adjacent positive plates, as shown and described in U.S. Patent 6,001,503).
Lugs 33 extending from the positive plates 32 are coupled to a strap 40, and lugs 35
extending from the negative plates 34 are coupled to a strap 42. The positive straps
are then coupled to the positive terminal 16 and the negative straps are electrically

coupled to the negative terminal 18.

[0018] FIGURE 2 illustrates a plan view of a prior art negative grid or plate 100.
The grid 100 includes a top frame member or element 110 having a member 120 in
the form of a current collection lug extending therefrom. The grid 100 also includes a
bottom frame member or element 112. Between the top frame member 110 and the
bottom frame member 112 are a plurality of interconnected wires 130 that are
arranged in a diamond pattern. Nodes 132 are provided at the intersections of the

wires.

[0019] Conventionally, negative grids such as that shown in FIGURE 2 are
manufactured in an expanded metal process in which a sheet of metal is slit at various
points using knife blades and opposite ends of the sheet are pulled apart to expand the
slit portion of the sheet into a plurality of grid wires. As shown in FIGURE 2, the top
and bottom frame elements would be pulled apart in the expansion process to form the
interconnected wires. After the expansion is completed, the sheet is cut into grids,
which leaves exposed wire ends (e.g., wire end 134 in FIGURE 2) along the lateral
sides of the grids. One difficulty with such an arrangement is that the grid wire ends
along the sides of the negative grids may puncture the separator envelope such that
they come into contact with a portion of an adjacent positive plate, which causes
internal battery shorting and a potentially significant reduction in the useful life of the

battery.
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[0020] According to an exemplary embodiment, instead of forming a grid in an
expanded metal process, the grid is formed in a progressive punching operation in
which a sheet of metal (e.g., a lead alloy) is run through a progressive punching die,
which removes material to form the grid shape shown in FIGURE 3. According to an
exemplary embodiment, a conventional lead or lead alloy battery grid material (such
as a lead-calcium-tin alloy) is melted and continuously cast to form a continuous strip
of grid material. The continuous strip may then be rolled or wrought to modify the
thickness or grain structure of the strip. A series of interconnected battery grids is

then formed by punching grid material out of the continuous strip.

[0021] During the punching operation, the strip is maintained as a continuous strip
and the interconnected grid shapes are formed in a progressive punching operation,
(i.e., features are added to the battery grid through several punching operations).
Each of the interconnected battery grids has a grid network bordered by a frame as
shown in FIGURE 3 and described above.

[0022] After the punching operation or process forms a strip having interconnected
grids, the battery grid wire sections of the strip may optionally be processed in a
stamping or coining operation or process. The stamping operation or process is used
to deform or coin the grid wires so that the grid wires have a modified cross-section
between the nodes, as shown in FIGURES 4-7. For instance, the stamping operation
or process may include a die that deforms the rectangular cross-section of the grid
wires of the punched grid into an octagonal cross-section as shown in FIGURE 4.
Alternatively, a stamping die may be used that rotates the intermediate portion of the
grid wire elements about 20 degrees to about 70 degrees in relation to the cross-
section of the opposed ends of the grid wire where the grid wire and node meet as
depicted in FIGURE 5. Other modifications may also be performed, as shown in
FIGURES 6-7.

[0023] It should be appreciated that any number of modified grid wire shapes can be
selected so as to provide improved paste adhesion characteristics for the negative grid
that are superior to the rectangular cross-section produced by a stamping process.

According to various exemplary embodiments, the modified grid wire substantially
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has a diamond shape, a rhomboid shape, a hexagon shape, an octagon shape, or an
oval shape. When deforming the grid wires in the stamping station, the area of
deformation along the length of the grid wire between the opposed ends of each grid
wire section may vary. For example, according to an exemplary embodiment,
approximately 90% of the length of the grid wire between the opposed ends of the
grid wire undergoes deformation at the stamping station (e.g., approximately 5% of
the grid wire length near one end of the grid wire section would have a rectangular
cross-section, the center 90% of the grid wire length would have a substantially
octagonal cross-section, and approximately 5% of the grid wire length near the other
end of the grid wire section would have a rectangular cross-section). According to

other exemplary embodiments, a different percentage of the wires may be modified.

[0024] According to other exemplary embodiments, the grid wires may not be
stamped or coined, and will have a cross-sectional shape as shown in FIGURE 8 (e.g.,

an unmodified rectangular cross-section).

[0025] While it is preferred that the nodes remained undeformed, in certain
circumstances it may be advantageous to deform or coin the nodes in the stamping
station. Since coining of the nodes as well as the grid wires will tend to make the grid
strip non-planar, pasting operations which tend to apply paste more thickly to one side
of the plate than the other can benefit from this effect. The grid strip can then be
oriented so that paste can more readily flow to the surface which is thinly pasted, i.e.,
fed into the pasting machine so that the concave side faces the direction that otherwise

would be thinly pasted, typically the bottom.

[0026] It should also be noted that all or a portion of the grid may be coated with a
metal alloy (e.g., a lead alloy) to provide various advantages, including, for example,
improved adhesion of battery paste. Examples of such coatings are described in U.S.
Patent No. 6,953,641, the entire disclosure of which is incorporated by reference

herein.

[0027] The interconnected grids are then processed to apply battery paste and the

strip is cut to form a plurality of battery plates. Alternatively, the interconnected grids
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may be cut into a plurality of grids before pasting and stored for later use. One
advantageous feature of using a grid such as that described herein in place of
expanded metal grids is that while expanded metal grids cannot be pasted with a fixed
orifice paster (due to interference of the off-plane twisting wires), stamped grids are

not so restricted.

[0028] According to an exemplary embodiment, the negative grid 200 has an
unpasted thickness of between approximately 0.010 and 0.050 inches. Conventional
negative grids produced in an expanded metal process have a strip thickness of
between approximately 0.022 inches and 0.035 inches, and an expanded mesh
thickness of between approximately 0.030 inches and 0.045 inches. One
advantageous feature of providing a battery that uses thinner negative grids is that
batteries using such grids may exhibit higher energy density, since less space will be
taken up by each negative grid (e.g., additional grids may be added to the battery or

the battery may be made smaller).

[0029] Referring to FIGURE 3, an improved negative grid 200 is shown according
to an exemplary embodiment. The grid 200 includes a top frame member or element
210 (having a current collection lug 220 extending therefrom), a bottom frame
member or element 212, a first side frame member or element 214, and a second side
frame member or element 216. Side frame members 214, 216 are coupled to opposite
ends of top frame member 210 and bottom frame member 212 to form an enclosed
area in the approximate shape of a rectangle. A plurality of grid wires 230 are

arranged in a diamond pattern that intersect at nodes 232.

[0030] Still referring to FIGURE 3, the grid wires 230 are coupled to the top frame
member 210 at a plurality of intersection points (e.g., where the grid wires 230
intersect the top frame member 210). These intersection points may have features 250
to aid the conductivity interface between the grid wires 230 and the top frame member
210. The conductivity enhancing features allow the relatively thin grid wires 230 to
be coupled to the top frame member 210 in a materially efficient manner (i.e. use as
little material as possible) and still provide a strong connection between the grid wires

230 and the top frame member 210. As can be seen in FIGURE 3, the grid wires
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become gradually wider as the grid wires 230 approach the top frame member 210. In
addition to the gradually widening of the grid wires 230 as they approach the top
frame member 210, the intersection points are curved on either side of the intersection
point. The curves or radii are only possible through the use of a punching operation
and cannot be obtained in an expanded metal process. The side and bottom frame
members 212, 214, 216 may also have similar features at the intersection points where

the grid wires 230 are coupled to the side and bottom frame members 212, 214, 216.

[0031] Still referring to FIGURE 3, the side, top and/or bottom frame members 210,
212, 214, 216 may include one or more features 260 (e.g., cutouts, notches,
depressions, etc.) to aid in controlling and/or compensating for grid growth during
use of the grid in a battery (see, e.g., FIGURE 3, illustrating cutouts formed in the
side frame members 214, 216). The feature 260 provides a localized weakened area
so that if grid 200 should grow during use, the feature 260 will break and limit and/or
control grid growth. According to other exemplary embodiments, features to restrict
or control grid growth such as those shown and described in U.S. Patent Application
No. 11/984,666 (the entire disclosure of which is incorporated herein by reference)

may be incorporated in the grids described herein.

[0032] One advantageous feature of the exemplary embodiment shown in FIGURE
3 is that because the frame elements 210, 212, 214, and 216 form a border or frame
around the entire outer periphery of the grid 200, there are no exposed wire ends that
may puncture a battery separator and cause internal battery shorting. This in turn may

help to extend the life of the battery (e.g., preventing short circuits, etc.).

[0033] It should be noted that while FIGURE 3 illustrates a negative grid 200
according to an exemplary embodiment, other configurations are possible. FIGURES
9-13 illustrate other possible configurations according to other exemplary
embodiments (reference numerals in FIGURES 9-13 are similar to those in FIGURE
3). Various features described above (e.g., features to aid in conductivity; cutouts or
notches to aid in controlling and/or compensating for grid growth; stamping to deform

wire cross-sections, coating all or a portion of the grid with an alloy such as a lead
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alloy, etc.) may also optionally be used with the embodiments shown in FIGURES 9-
13.

[0034] For example, in FIGURES 9-11, a grid 300 is illustrated in which the
diamond pattern of the grid wires is more elongated than that shown in FIGURE 3
(e.g., the diamond pattern does not form substantially square openings between the
intersecting wires). This type of elongated diamond pattern cannot be made using an
expanded metal process. The top, sides and/or bottom frame elements or members
may include features (e.g., gradually widening grid wires near the intersection points
with the frame members, etc.) to aid the conductivity interface between the grid wires
and the frame members (see, e.g., FIGURE 9, illustrating the features 350 formed
between the grid wires 330 and the top frame member 310). Features 350 may occur
at every intersection point between the grid wires and the frame members (see, e.g.,
FIGURE 9, illustrating the features 350), or only in certain intersection points (e.g.,
only on the left side of the intersection points that are to the left of lug 320 and only
on the right side of the intersection points that are to the right of lug 320). In addition,
the side, top and/or bottom frame elements or members may also include features
(e.g., cutouts, growth limiting devices, etc.) to aid in controlling and/or compensating
for grid growth during use of the grids (see, e.g., FIGURE 9, illustrating features 360

formed in the side frame elements 314, 316).

[0035] FIGURE 12 illustrates an exemplary embodiment of a grid 400 in which the
wires are arranged to form generally hexagon-shaped openings between the wires
(e.g., a “honeycomb” configuration is obtained). The top, sides and/or bottom frame
elements or members may include features (e.g., gradually widening grid wires near
the intersection points with the frame members, etc.) to aid the conductivity interface
between the grid wires and the frame members (see, e.g., FIGURE 12, illustrating the
features 450 formed between the grid wires 430 and the top frame member 410).
Features 450 may occur at every intersection point between the grid wires and the
frame members, or only in certain intersection points. In addition, the side, top and/or
bottom frame elements or members may also include features (e.g., cutouts, growth

limiting devices, etc.) to aid in controlling and/or compensating for grid growth
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during use of the grids (see, e.g., FIGURE 12, illustrating features 460 formed in the
side frame elements 414, 416). One advantageous feature of the design shown in
FIGURE 12 is that each of the nodes 432 have three wires coming into the node, as
opposed to, for example, the design shown in FIGURE 9, in which each of the nodes
332 have four wires coming into it. One benefit of such a configuration is that less

material is used at the node.

[0036] FIGURE 13 illustrates an exemplary embodiment of a grid 500 in which the
wires are arranged to form generally rectangular-shaped openings between the wires.
Vertical wires run continuously between a top or upper frame element 510 and a
bottom or lower frame element 512, while the horizontal wires extend between
adjacent vertical wires such that they do not run continuously from left to right across
the grid between side frame elements 514 and 516. According to the exemplary
embodiment shown in FIGURE 13, each of the complete rectangular openings is
substantially the same size (the partial rectangular openings have different sizes,
depending on where they are located in the grid). According to other exemplary
embodiments, the complete rectangular openings may have different sizes. The top,
sides and/or bottom frame elements or members may include features (e.g., gradually
widening grid wires near the intersection points with the frame members, etc.) to aid
the conductivity interface between the grid wires and the frame members (see, €.g.,
FIGURE 13, illustrating the features 550 formed between the grid wires 530 and the
top frame member 510). Features 550 may occur at every intersection point between
the grid wires 530 and the frame members, or only in certain intersection points. The
side, top and/or bottom frame elements may include features (not shown) to aid in

controlling and/or compensating for grid growth during use of the grids.

[0037] According to an exemplary embodiment, a battery may be produced using
both positive and negative plates or grids that are formed in a stamping and/or coining

process.

[0038] According to an exemplary embodiment, the negative grid according to any
of the exemplary embodiments described herein is made from a lead alloy that

includes the composition shown in Table 1.

10
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Table 1
Element Range of Percentages
Calcium 0.05 to 0.50 %
Antimony 0.001t0 2.5 %
Tin 0.01 t0 2.0 %
Copper 0.001 to 0.1 %
Arsenic 0.001 to 0.25 %
Bismuth 0.01 to 0.05 %
Silver 0.003 to 0.01 %
Lead balance

According to another exemplary embodiment, the negative grid according to

any of the exemplary embodiments described herein is made from a lead alloy that

includes the composition shown in Table 2.

[0040]

Table 2
Element Range of Percentages
Calcium 0.05t0 0.15 %
Antimony <0.002%

Tin >0.5%
Copper <0.005 %
Arsenic <0.002 %
Bismuth <0.02 %

Silver <0.005 %

Lead balance

One advantageous feature of forming negative grids in the manner described

above is that such grids require less material than grids manufactured in an expanded

metal process. As a result, weight and material cost savings may be realized in using

grids such as those described above.

[0041]

It is important to note that the construction and arrangement of the battery

grid as shown in the various exemplary embodiments is illustrative only. Although

11
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only a few embodiments of the present invention have been described in detail in this
disclosure, those skilled in the art who review this disclosure will readily appreciate
that many modifications are possible (e.g., variations in sizes, dimensions, structures,
shapes and proportions of the various elements, values of parameters, mounting
arrangements, use of materials, colors, orientations, etc.) without materially departing
from the novel teachings and advantages of the subject matter disclosed herein.
Accordingly, all such modifications are intended to be included within the scope of
the present invention as defined in the appended claims. The order or sequence of any
process or method steps may be varied or re-sequenced according to alternative
embodiments. Other substitutions, modifications, changes and omissions may be
made in the design, operating conditions and arrangement of the various exemplary

embodiments without departing from the scope of the present invention.

12
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CLAIMS

1. A method for producing a negative grid for a battery comprising:

providing a strip of battery grid material;

performing a punching operation on the battery grid material to remove material and form
the negative battery grid;

whereby the negative battery grid has a plurality of grid wires formed by the punching
operation into a uniform pattern of grid wires bounded by a frame comprising:

a top frame member;

a first side frame member coupled to the top frame member at a first end thereof;

a second side frame member coupled to the top frame member at a second end thereof;

a bottom frame member spaced apart from the top frame member and coupled to the first
side frame member and the second side frame member;

wherein each grid wire of the plurality of grid wires coupled to the top frame member is
joined to the top frame member at an intersection point having a conductivity enhancing feature
configured to aid conductivity between the plurality of grid wires and the frame;

wherein the conductivity enhancing feature is formed by a gradual widening of grid wire
beginning from a node immediately adjacent to the top frame member toward the intersection
point; and

wherein the negative grid is free of exposed wire ends for preventing puncturing of a

polymeric separator when the negative grid is provided within the separator.

2. The method of Claim 1 wherein the punching operation is a progressive punching

operation.

3. The method of Claim 1 wherein the battery grid material is a continuously cast lead alloy
strip that is processed to modify at least one of the thickness and grain structure of the

continuously cast lead alloy strip.

4. The method of Claim 3 wherein the negative battery grid has a thickness in the range of

about 0.010 to 0.050 inches.

AH26(8623873_1):KEH
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5. The method of Claim 3 wherein a series of interconnected battery grids are formed by

punching the grid material out of the continuously cast lead alloy strip.

6.  The method of Claim 1 wherein the plurality of grid wires are arranged in a pattern
selected from the group consisting of a diamond shape, a honeycomb shape, and a rectangle

shape.

7. The method of Claim 6 wherein the plurality of grid wires form an elongated diamond

pattern in which the plurality of grid wires intersect at angles other than right angles.

8. The method of Claim 1 wherein at least one of the top frame element, first side frame
element, second side frame element, and bottom frame element is provided with a feature which

compensates for grid growth during use of the grid.

9. The method of Claim 1 wherein the intersection point is provided with a radius between
the top frame member and the grid wire to enhance the electrical conductivity between the top

frame member and the plurality of grid wires.

10. The method of Claim 9 wherein the battery grid is subjected to a coining step to deform at

least one of the plurality of grid wires and the plurality of nodes.

11.  The method of Claim 10 wherein a grid wire from the plurality of grid wires is deformed
to produce a cross-section that has a shape selected from a group consisting of an octagon shape,

a diamond shape, a rhomboid shape, a hexagon shape, and an oval shape.

12.  The method of Claim 1 wherein the negative battery grid is coated with a lead alloy.

13.  The method of Claim 1 wherein the negative battery grid is formed into a battery plate
further comprising using a fixed orifice paster to coat the negative battery grid with an active

material.

14.  The method of claim 1 wherein the battery grid material has a composition of 0.05 to 0.50

percent calcium, 0.001 to 2.5 percent antimony, 0.01 to 2.0 percent tin, 0.001 to 0.1 percent
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copper, 0.001 to 0.25 percent arsenic, 0.01 to 0.05 percent bismuth, 0.003 to 0.01 percent silver,

and a balance of lead.

15.  The method of Claim 1 wherein the battery grid material has a composition that comprises
0.05 to 0.15 percent calcium, less than 0.002 percent antimony, greater than 0.5 percent tin, less
than 0.005 percent copper, less than 0.002 percent arsenic, less than 0.02 percent bismuth, less

than 0.005 percent silver, and a balance of lead.

16. A negative battery grid comprising: a frame comprising a top element, a bottom element, a
first side element, and a second side element; a plurality of grid wires forming a uniform pattern
of wires provided within the frame and defining a plurality of open areas, wherein each grid
wire of the plurality of grid wires coupled to the top frame member is joined to the top frame
member at an intersection point having a conductivity enhancing feature configured to aid
conductivity between the plurality of grid wires and the frame, wherein the conductivity
enhancing feature is formed by a gradual widening of grid wire beginning from a node
immediately adjacent to the top frame member toward the intersection point; and a current

collection lug extending from the top element in a first direction.

17. The negative battery grid of Claim 16, wherein the intersection point has a radius between
the frame element and the grid wire to enhance the electrical conductivity between the frame

element and the plurality of grid wires.

18. The negative battery grid of Claim 16, wherein all of the grid wires coupled to the frame at
the top element are coupled to the frame at the intersection points with a conductivity enhancing

feature.

19. The negative battery grid of Claim 16, further comprising at least one growth reduction

feature provided in the battery grid that is configured to compensate for grid growth during use.

20. The negative battery grid of Claim 16, wherein the negative battery grid has an unpasted

thickness ranging from 0.010 to 0.021 inches.
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21. The negative battery grid of Claim 16 wherein the plurality of grid wires are arranged in a
pattern selected from the group consisting of a diamond shape, a honeycomb shape, and a

rectangle shape.

22. The negative battery grid of Claim 16 wherein at least one of the top frame element, first
side frame element, second side frame element, and bottom frame element is provided with a

feature which compensates for grid growth during use of the grid.

23. The negative battery grid of Claim 16 wherein the negative battery grid is coated with a
lead alloy.

24. The negative battery grid of Claim 16 wherein the battery grid material has a composition
of 0.05 to 0.50 percent calcium, 0.001 to 2.5 percent antimony, 0.01 to 2.0 percent tin, 0.001 to
0.1 percent copper, 0.001 to 0.25 percent arsenic, 0.01 to 0.05 percent bismuth, 0.003 to 0.01

percent silver, and a balance of lead.

25. The negative battery grid of Claim 16 wherein the battery grid material has a composition
that comprises 0.05 to 0.15 percent calcium, less than 0.002 percent antimony, greater than 0.5
percent tin, less than 0.005 percent copper, less than 0.002 percent arsenic, less than 0.02

percent bismuth, less than 0.005 percent silver, and a balance of lead.

Johnson Controls Technology Company
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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