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[57} ABSTRACT
Method and apparatus for making strips of expanded

lead suitable for making bottom-border-bearing bat-
tery grids. The finished grid has a current-collecting
header and bottom border of unexpanded strip and a
reticulated portion, between the header and border,
comprising expanded strip forming a plurality of
paste-retaining cells bounded by skeletal elements and
nodes. The skeletal elements and nodes extend in op-
posite directions through the paste from substantially
one face of plate to the other and the nodes are
twisted and partially flattened so as to have plateaus
on the nodes which lay in planes parallel to the princi-
pal planes of the pasted plate. A ribbon or strip of lead
is fed lengthwise through a gauntlet of dies and cutters
and expanded from its longitudinal edges to form two
reticulated portions and a central unexpanded portion.
The initial cut taken from the edge slits, but does not
substantially stretch, the metal. The unstretched metal
forms a bottom border of the grid. A border straight-
ener means attached to one of the dies engages the
border about midway through the gauntlet to prevent
deleterious curling of the reticulated portion in the ex-
pander. The fully expanded strip has a gull-winged
configuration viewed headon, which wings are subse-
quently folded down by plow and roller means so as to
be in substantially the same plane as the unexpanded
portion. The reticulated portions are subsequently uni-
formly stretched in a direction perpendicular to the
central portion and finally rolled to twist and flatten
the nodes joining the skeletal elements.

2 Claims, 17 Drawing Figures
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METHOD AND APPARATUS FOR PREVENTING
CURLING OF LEAD STRIPS DURING EXPANSION

Commercial automotive lead-acid storage battery
plates have heretofore been largely made by casting
techniques in which a pair of interconnected grids are
cast in a single mold using lead alloys containing about
3 - 7 percent antimony to improve the castability of the
lead. The grid pairs are subsequently handled as a dis-
crete unit through pasting and a number of the remain-
ing processing operations. Casting of the grids in this
manner is slow, requires skilled labor working in a hot
environment, and the plates made therefrom are subse-
quently subjected to considerable rough in-plant han-
dling. Moreover, the antimony needed for castability
produces undesirable side effects in the finished bat-
tery. It has been proposed to make plates by expanding,
guillotine fashion, a strip of sheet lead alloy in succes-
sive advances between slitting and stretching dies such
that short interconnected skeletal segments are peeled
away from the leading edge of the strip to form a tiered
structure of polygonal paste-retaining cells. Despite the
potential advantages, this technique has not been sub-
stantially used in the manufacture of lead-acid batter-
ies.

The present invention relates to an improved version
of the basic process disclosed in U.S. patent application
Ser. No. 398,974 filed Sept. 20, 1973 in the names of
Daniels et al. and assigned to the assignee of the pres-
ent invention. That application relates to a process and
apparatus for continuously making expanded lead grids
for a lead-acid storage battery from a narrow sheet nr
strip or lead (i.e., including conventional lead-acid bat-
tery alloys) utilizing a modified in-line, dual expansion
guillotine process and the grid produced is satisfactory
for commercial manufacture and customer use. The
grids made by that invention are useful with both posi-
tive and negative plates and the improvement of this
invention relates to the making of such grids with bot-
tom borders and more particularly to preventing dele-
terious curling of the expanded reticulated portion of
the strip while it is still in the expander.

The grid produced by this invention comprises a skel-
eton of expanded sheet lead having a bottom border, an
unexpanded, current-collecting top header portion and
an expanded reticulated portion depending from the
header. The reticulated portion includes a pluarlity of
thin wire-like skeletal elements emanating from nodes
which interconnect the several skeletal elements and
are substantially thicker than the skeletal elements.
Each node angles through the paste at an angle nearly
normal to the plane of the plate. Each node has a thick-
ness which is greater than the thickness of the original
sheet lead from which it was derived, is substantially
less than twice the thickness of that sheet lead, and has
flat surfaces or plateaus laying in the principal planes
of this grid. More particularly, after the expansion step,
the grid is conditioned so as to angularly orient the
node by rotating it slightly and concurrently flatten
those salient edges of the node which, by virtue of the
node rotation, would otherwise project from the op-
posed faces of the grid. The flattening of the salient
edges of the nodes changes the substantially rectangu-
lar vertically transverse cross-section of the as-
expanded node to a polygonal cross-section having two
opposed, substantially parallel sides which lay in the
principal planes (i.e., the faces) of the grid, and are
spaced apart one from the other by a distance greater
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than the thickness of the header sheet but less than
twice that thickness. The skeletal elements diverge
from each node so as to angle from one face of the grid
to the other, but in opposite directions to the nodes
from which they emanate so as to provide support for
the subsequently applied paste over substantially the
entire thickness of the pasted plate. The opposite an-
gling of the nodes and skeletal elements insure continu-
ity of the paste between adjacent, paste-retaining, po-
lygonal cells.

It is an abject of the present invention to provide an
economical, high production rate process and appara-
tus for producing strips of expanded lead stock material
suitable for cutting into bottom-border-bearing grids
without the stock material curling so badly in the appa-
ratus as to cause jamming thereof.

More specifically, it is my objective to accomplish
this utilizing a continuous, in-line, guillotine-type. dual
expansion process/apparatus involving: longitudinally
feeding a narrow lead strip having a central header/lug-
formation portion and flanking grid-forming portions
extending therefrom to the longitudinal edges of the
strip between two rows of progressive, reciprocating
dies which converge in incremental steps on the center
of the strip; initially cutting border-forming segments
from the longitudinal edges of the gird-forming por-
tions and expanding the remainder of grid-forming por-
tions into reticulated gridworks extending at acute an-
gles from the plane of the central portion; with appro-
priate means, straightening the border approximately
midway through the dies; completing the expansion,
gently folding the reticulated gridworks substantially
back into the plane of the central portion; uniformly
stretching the gridworks in opposite directions away
from the central portion and substantially perpendicu-
lar to the direction of advance of the strip through the
dies; and flattening the reticulated portions to a thick-
ness greater than the central portion, but significantly
less than twice the thickness thereof.

These and other objects and advantages will be more
readily apparent from the detailed description which
follows in which:

FIG. 1 is a front elevational view of a discrete ex-
panded lead sheet grid made by the process and appa-
ratus of the present invention;

FIG. 2 is a side view in the direction 2—2 vertically
transverse the grid of FIG. 1, before node flattening;

FIG. 3 is a side view in the direction 33 vertically
transverse the grid of FIG. 1, after node flattening;

FIG. 4 is an enlargement of the uppermost portion of
FIG. 2;

FIG. § is an enlargement of the uppermost portion of
FIG. 3,

FIG. 6 is a front elevational view of the upper portion
of another embodiment of an expanded lead sheet grid
made in accordance with the present invention,

_FlG. 7 is a partially broken-away front elevational
view of a separator-encapsulated, paper-bound, batte ry
plato.s having a grid made in accordance with the pres-
ent invention;

, FIG. 8 is a bottom view in the direction 8—8 of FIG,
F]Q. 9 is a perspective view illustrating apparatus for
continuously making grids according to this invention;

FIG. 10 is an enlarged side elevational view of the ex-
panding dies of the expander portion of the apparatus
shown in FIG. 9;
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FI1G. 11 is an enlarged plan view of the expander por-
tion of the appuratus shown in FIG. 9;

FIG. 12 is a sectiona) view taken along the line
12—12 through the die set and border straightener
shown in side elevation in F1G. 10;

FIG. 13 1s an enlarged front clevational view of the
input end of the plow and leveling roller portion of the
apparatus shown 1 FI1G. 9;

FIG. 14 is an enlarged side efevational view of the
plow und leveling roller portion of the apparatus shown
in FIG. 9;

FIG. 15 is a transverse sectional view through the lev-
eling roller taken in the direction of line 15—18 of FIG.
14;

FIG. 16 is an enlarged side elevational view of the
stretching and flattening rollers illustrated in FIG. 9;
and

FIG. 17 is an enlarged front elevational view of the
stretching rollers as seen in the direction 17—17 of
FIG. 16.

A preferred form of grid made in accordance with
this invention is expanded guillotine-style from both
longitudinal edges of a ribbon of lead strip so as to have
a current-collecting header 4 and lug 6 of unexpanded
sheet and a reticulated paste-supporting portion 12 ex-
panded from the sheet into a plurality of polygonal
paste-retaining cells 16 depending from the header. de-
pending from the header. The paste-retaining cells are
defined by wire-like skeletal elements 8 connected one
to the other by oriented, cross-sectionally (i.e., verti-
cally transverse) polygonal nodes 10, each node having
af least two substantially parallel flat plateaus 22 laying
in the principal faces of the grids. The plateaus 22 are
spaced from each other by a distance at least about 1.3
times the thickness of the lead sheet from which the re-
ticulated portion 12 was expanded and the header 4
formed. Both the skeletal elements 8 and nodes 10 ex-
tend diagonally through the thickness of the plate, but
in respectively opposite directions as in Z-fashion,
thereby providing continuity between the paste from
one cell to the next and enhancing paste retention to
the grid.

In general, the prids thus described are initially ex-
panded from strips of lead by an in-line, guillotine-type,
dual expansion process like that disclosed in Curtis
U.S. Pat. No. 1,482,600, In such a process, cross-
sectionally rectangular, wire-like segments arc sheared
and stretched from a ribbon of metal with reciprocating
slitting and expanding cutters, the ribbon being fed step
by step to the cutters lengthwise thereof parallel with
the cutters and the side margins of the ribbon. As a re-
sult, a plurality of undulatory skeletal clement ticrs are
formed from each iongitudinai edge of the ribbon ad-
vancing between the rows of progressive, reciprocating
dies which converge on the center of the strip in the di-
rection the strip is advanced. The expanded (i.e., retic-
ulated} portions extend like wings at an acute angle to
the lead strip of ribbon from which they are punched.
The several tiers are connected to the next adjacent
tiers via nodes 10 which comprise unslit and un-
stretched portions of the sheet intermediate the skele-
tal clements of each ticr, the said nodes being about
twice the width of the skeletal elements joining to form
the node. The skeletal elements intermediate the nodes
comprise portions of the strip’s edges which have been
peeled away therefrom and stretched to at least about
1.2 times their original length. Lead sheets useful with
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this technique vary in thickness from about 0.035 to
about (.05 inch. The thinner sheets are used primarily
in negative plates and the thicker sheets in positive
plates. The width of the skeletal elements can also vary
considerably (i.e., between about 0.025 inch and about
0.08 inch}. Skeletal element cross-sectional areas of at
least about 0.0012 sq. in. are considered necessary for
very open negative grids while considerably thicker ele-
ments are needed for positive grids, especially near the
header, for conductivity and corrosion-resistance rea-
SONS.

The process is initiated by feeding a thin, narrow rib-
bon of lead 40 into the continuous, in-line, dual-
expansion guillotine-type expander illustrated at the
left of FIG. 9. FIGS. 10 - 12 show the expander in more
detail and will be used to briefly describe the expansion
that occurs therein. FIG. 10 is a side view showing basi-
cally the reciprocating dies 72, fixed position cutters 74
and the bed or stripper plate 76 on which the ribbon 40
slides as it advances through the expander. FIG. 11 is
a plan view of the stripper plate 76 also showing the top
faces 98 of the reciprocating dies 72 which move up
and down through notches in the stripper plate 76. FI1G.
12 shows a sectional view taken along the line 12—12
of FIG. 10 and includes a section through the expanded
grid (not shown in FIG. 10). More specifically and
moving from left to right on FIGS. 10 and 11, the mov-
ing strip 40 first engages guides 70 which align the strip
40 with the center line of the gauntlet dies 72 and cut-
ters 74 ahead. The guides 70 reciprocate in unison with
the dies 72 since all are fixed to a common die holder
78 which is driven up and down by an appropriate
means (not shown). The ribbon 40 rides atop a bed or
stripper plate 76 which is fixed to the cutter-holder as-
sembly 75 (though spaced therefrom) by means of
straps 77 whereby the expanded portions are stripped
from the dies 72 during the downward motion thereof.
The cutters 74 are held tightly in position against the
stationary block 80 by means of retainers 82 as best
shown in FIG. 12, and the cutting and breaking action
that occurs is accomplished by the sharp edges 84 of
the cutters 74 when the reciprocating dies 72 push the
longitudinal edges of the strip 40 up against the cutters
and thereby peel portions of the edge away from the
strip 40. ’

The dies 72 are so shaped at their top 86 as to cause
both slitting and stretching of the lead peeled away
from the edges of the strip 40. While a variety of shapes
can be used for the top of the dies to effect the stretch-
ing, the semi-diamond shape shown is preferred. Each
upward motion of the dies 72 forms one-half or a paste-
retaining cell 16 with the remainder of the cell being
formed downstream of that die during the formation of
the next adjacent tier of skeletal elements 8.

When a lower border 14 (FIG. 1) is desired on the
grid the first increment of metal cut from the edge is
only slit but not stretched appreciably. First flat-topped
dies 88 are provided after the guides 70 for this pur-
pose. With grids so made, the bottom border 14 causes
a greater tendency for the reticulated portion to curl
and jam up in the expander before reaching the end
thereof. To overcome this problem, a border straight-
ener 90 is provided on one set of opposing dies 72
about midway the gauntlet of dies. As best shown in
FIG. 12, the border straightener prevents deleterious
curling in two ways, either of which may be used alone
or in combination with the other. First, during the up-
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ward cutting stroke of the die 72, the nodes 10 of alter-
nate segment tiers are forced between the beveled sur-
faces 91 and 83 of the straightener 90 and retainer 82,
respectively, such as to be substantially aligned in the
narrow space 93 between the surfaces 91 and 83, Se-
condly, the height of the straightencr is adjusted to en-
gage the bottom border 14 and force it upwardly
thereby pulling out any deleterious curl developed in
the reticulated portion at that stage of the expansion.

For negative grids having the extra nodes 10’ and
skeletal elements 8’ such as shown in FIG. 6 and dis-
cussed in U.S. Patent application McCartney et al. Ser.
No. 399,109 filed Sept. 20, 1973 and assigned to the
assignee of the present invention, the dies 92 near the
end of the gauntlet include two diamond-shaped upper
edges 94, as best seen in FIG. 10. These double
diamonds form two half-cells per each stroke of the
dies 92 in the same space as a die 72 forms a single cell
16. Using this technique of expansion, grids can be
made having a variety of shapes and cell densities (e.g.,
cells per sq. in. of the grid) by merely changing the face
and/ot shape of the upper edge of all or only some of
the reciprocating dies 72, as was done with end dies 92.

Expanders of this general type have been used here-
tofore to make metal lathe for the building industry
and. in fact, the machine used here is a modified ver-
sion of one such machine made by Urbana Tool. The
carlier lathe-making machines have universally used
carbide dies 72 and cutters 74, but were incapable of
expanding lead into battery grids. Attempts to expand
lead sheet in this manner proved disasterous as, no mat-
ter what adjustments were made, substantially all of the
Jead was ripped and torn rather than cleanly cut and
stretched as was required. The lead had clung to the
lateral faces 96 of the cutters 74 and top face 98 of the
dies 72 and 92 allowing no slippage. The carbide cut-
ters/dies were replaced with hardened tool steel (e.g.,
D-2 air hardening tool steel). The lateral faces 96 of the
cutters 74 were machined so as to have the machining
marks running up and down in the same direction that
the reciprocating dies 72 move and needed no further
work. After machining, the surfaces 98 of the dies
72/92 were buffed using No. 60 grit lapping compound
to smooth the surface 98 sufficiently to permit the skel-
etal elements and nodes of soft lead 1o slide over the
surface during stretching rather than cling to it causing
the breakage. The surfaces 96 of the cutters 74 may
also be buffed, but this is not necessary when the ma-
chining marks are in the direction indicated which does
ot produce enough drag on the sliding skeletal ele-
ments to cause breakage. While the amount of break-
age was significantly reduced by this change, the level
of breakage was still undesirably high.

In this regard, the dies and cutters were being lubri-
cated with oil or silicone-based fubricants as had tradi-
tionally been done with the lathe-making machines and
changing the clearances between the dies and cutters
did not seem to improve the situation. It was then unex-
pectedly found that by eliminating the oil and silicone
lubricants and spraying the dies and cutters with ordi-
nary tap water, not only was it possible to produce re-
ticulated portions having less than 30 percent of the
skeletal elements broken, but the surface of the ex-
panded lead was improved. With this discovery an ad-
justment of the die-cutter clearance to about 0.0015
inch yiclded reticulated portions acceptable for use as
battery grids (i.e., less than 10 percent breakage) at
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production rates of about 50 feet per minute. Even
more surprising was the discovery that water could still
be used as the lubricant at production rates of around
180 feet per minute by merely increasing the dic-cutter
clearance to about 0.0025 inch and when this was done
there was substantially no breakage at all. With water
as the lubricant there was no longer a nced to wash the
oilfsiticone from the surface of the grid before pasting
which contributed significantly to the econonties of this
process. In this regard, the oilfsilicone film is left on the
grid, which film prevents the paste from adhering sufti-
ciently to the grid, and increases the internal resistance
of the grid somewhat. Bathing the dies, cutters and
grids in water. however, not only provides the needed
lubrication, but promotes oxidation of lead surface in
the expander which actually improves adhesion of the
paste to the grid. Hence, a fourfold benetit, unique to
the making of battery grids, is achieved with the use of
water here, i.c., improved high-speed lubrication, clim-
ination of washing step, reduced lubricant costs, and an
oxidized lead surface is produced all in a single opera-
tion.

Following expansion, and without substantially af-
fecting the nodes, the reticulated portions are gradually
laid down into substantially the same plane as the lead
strip from which it was punched by advancing the ex-
panded wings of the V-shaped strip beneath a plow 60
and beveled leveling roller 41, best shown in FIGS. 13
— 15. In this regard, FIG. 13 views the plow (and back-
ground leveling roller 41) from its inlet side 64 and
shows in phantom the general configuration of winged
strip 66 as it enters the plow 60. FIG. 14 shows a side
elevation of the leveling system, plow and roller, while
FIG. 15 shows a transverse section through the rollers,
showing the curved surfaces 68 gently folding the retic-
ulated wings 66’ to a position more nearly coplanar
with the center portion 42 on the exit end 100 of the
plow. At this point, slight hump 102 remains near
where the wings join the center portion, which hump is
substantially leveled out by subsequent engagement
with the beveled (i.c., about 15°) portions 104 of the
leveling and drive roller 41 (see FIG. 15). The cylindri-
cal center portion 106 of the beveled roller 41 and
outer surface of its coacting drive roller are knurled to
firmly grab the center of the strip and drive it through
the system. After plowing and leveling, the nodes 10 lay
at a slight angle (i.e., about 2° - 4°) to the plane of the
unexpanded strip remaining in the center.

Following the leveling operation, the reticulated por-
tions are uniformly stretched by engaging each tier and
pulling it in a direction directly away from the header.
This stretching action slightly rotates the nodes 10 and
makes the paste-retaining cell more equiaxed by elon-
gating the minor axis of the cell {i.e., perpendicular to
the header) and shortening the major axis of the cell
(i.e., parallel to the header). For negative plates having
large cell areas in proportion to grid metal, a minor to
major axis ratio of at least about 0.7 is preferred, while
for positive plates having smaller cells and more grid
metal, a minor to major axis ratio of at least about 0.9
is preferred to assist in reducing vertical grid growth.
As a result of this stretching, the total reticulated por-
tion is extended by an amount equal to the summation
of the increase in length of the minor axes of the cells
in each of the several tiers making up the grid. This
stretching is accomplished by feeding the level strip be-
tween a pair of forming rollers 44 (best shown in FIGS.
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16 and 17), which stretch the reticulated portions in a
direction about 90° from the unexpanded central por-
tion. The forming rollers 44 include an embossed lower
roller having a plurality of truncated pyramidal projec-
tions 46 which engage each of the cells of the reticu-
lated portion. The opposing upper roller 48 is closely
spaced from the lower roller and has a thick compress-
ible polyurethane layer 108 including a plurality of
holes 110 adapted to reccive the projections 46, The
polyurethane between the holes engages the skeletal
elements and nodes forcing them downward toward the
wide bases of the projections 46 to form each cell indi-
vidually around the base of a projection 46 and thereby
uniformly stretch the reticulated portions to the desired
size.

Following stretching, the reticulated portions 12 are
next passed through a set of rollers 18 in the direction
of the major axis or, in other words, in a direction 90°
to the direction of expansion. The rollers 18 comprise
6150 steel having a hardness of R. 48 — 52 and are
spaced apart at least about 1.3 times the thickness of
the lead strip. As a result, passing between the rollers
causes still further rotation of the nodes to between
about six and fifteen degrees and concurrently flatten

into plateaus the outwardly projecting or salient edges -

of the nodes which had rotated to the outward faces of
the grid. Adjustment of the spacing between the rolls
controls the ultimate grid thickness which can be
readily changed as the thickness of the strip or width of
the cut changes. Regardless, the otherwise substantially
rectangular cross-section of an as-expanded node 10 is
changed to a polygonal cross-section (see FIG. §) in
which the flattened portions or plateaus 22 of the nodes
10 lay in the principal faces of the grid and are spaced
from each other by a distance at least about 1.3 times,
but substantially less than two times, the thickness of
the header sheet 4. By this twisting and flattening, each
node is significantly mechanically worked causing
some flow and bulging of the node, but in a manner
which is not so severe or harsh as to significantly dam-
age the reticulated portion and shorten the useful life
of plates made therefrom.

Following flattening, the laterally expanded strips are
continuously pasted by laying them on top of strips of
perforated paper 50 (e.g., see Adams Ser. No. 347,326
filed Apr. 2, 1973) on a continuous belt 52, passing it
under a paste dispensing apparatus 54 adapted to press
the paste around the skeletal elements from one side of
the grid, covering it with a second layer of paper 56,
rolling it to a desired thickness (see rollers 58), drying
the paste, forming (not shown) the headers and lugs
from the center portion, separating the two pasted
strips and finally segmenting each strip into individual
plates. Forming the headers and lugs from the center
portion can be accomplished almost anywhere in the
system, even before the expanders, if desired.

A better understanding of the grids and plates result-
ing from this invention can be obtained by reference to
the drawings, FIGS. 1 - 8, and U.S. patent application
Wheadon et al. Ser. No. 398,975 filed Sept. 20, 1973
and assigned to the assignee of the present invention.
In this regard, FIG. 1 shows grid blank 2 comprising a
header 4 having a lug 6. The single grid blank shown
has previously been expanded, leveled, and stretched
as described above. As indicated, these operations are
carried out on continuous strips expanded in opposite
directions from the longitudinal edges of the strip and
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the single grids then cut from the strip. FIG. 1 then
serves best here only to illustrate what occurs to the
leveled and stretched reticulated portions as they pass
between the flattening rollers 18. A plurality of skeletal
clements 8 and nodes 10 depend from the header 4
making up the reticulated portion of the grid generally
indicated at 12, A bottom border 14 may be provided
1o prevent warpage of the grid-making strips during the
expansion process and to support the plate on the brid-
ges at the bottom of the battery case. The skeletal ele-
ments 8 and nodes 10 making up the reticulated por-
tion 12 define a plurality of polygonal paste-retaining
cells 16. The already expanded and stretched grid
blank 2 is depicted as moving from left to right between
compression rollers 18 (top roller shown in phantom),
which mechanically work the nodes 10 rotating them
about an axis parallel to the header 4 and flattening the
salient upstanding edges 20 of the as-expanded grid to
form plateaus 22 on the as-rolled grid. In this regard,
FIGS. 2 and 4 depict the as-expanded grid blank 2 prior
to rolling and shows the salient edges 20 of the nodes
10 and the slight angle A that the node 10 bears to the
principal planes of the grid blank 2, FIGS. 3 and 5 de-
pict the grid blank 2 after rolling and shows the in-
creased angle B resulting from the rotation of the node
as well as the flattening of the edges 20 into plateaus
22. Hence, what was initially a substantially cross-
sectionally rectangular node 10 prior to rolling is trans-
formed, after rolling, into a cross-sectionally polygonal
node by the addition of two sides which are the parallel
plateaus 22. In addition, the working of the node 10
causes it to bulge or round a bit as best shown in FIG.
5. The overall affect of the rolling then rotates the
nodes, works the metal thereof and provides two op-
posed plateaus 22 which are separated one from the
other by a distance which exceeds the thickness of the
header 4 but is substantially less than twice that thick-
ness. The distance between the plateaus formed during
rolling fixes the thickness of the grid and the principal
planes of the grid are those planes which include the
plateaus 22. Flush pasted grids will be pasted to this
thickness, i.e., between the plateaus 22 (see FIG. 7),
while over pasted plates (not shown) will have the
paste extending somewhat beyond the principal planes
of the grid. .

FIG. 6 depicts an expanded lead grid which is in-
tended for use in negative plates and is discussed in
more detail in copending U.S. Patent application Ser.
No. 399,109 filed Sept. 20, 1973 in the names of
McCartney et al. and assigned to the assignee of the
present invention.

FIGS. 7 and 8 depict a unit assembly 24 including a
grid 26 made by this invention embedded in a fiber-
laden (e.g., Dynel, polypropylene, etc.) paste 28. This
grid 26 is shown as being flush-pasted but an over-
pasted grid is possible and, in fact, preferred for auto-
motive battery applications. The paperbound pasted
grid is enclosed in a conventional battery separator 32
(e.g., sintered polyvinyl chloride). This is most conve-
niently accomplished by folding the separator around
the bottom of the pasted grid 26 and heat sealing the
lateral edges 34 thereof. Spacing ribs 36 on the outside
of the separator 32 provide space between the assem-
bly 24 and the negative plate to permit a more efficient
circulation of the electrolyte through the cell group.
FIG. 8 also depicts the small fracture 38 which usually
forms extends into the nodes 10 during the expansion
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process and which, if severely extended during process-
ing of the grid, can cause premature failure of the plate
in use.

In a specific example of the invention, negative grids
were made by upwardly expanding a 2.38 inch wide.
0.04 inch thick ribbon 40 of lead-calcium-tin alloy
(0.065% Ca, 0.7% Sn}. The ribbon 40 was expanded
from both longitudinal edges so as to produce two ex-
panded, reticulated portions or wings 66 joined by a
common unexpanded portion 42. Skeletal elements
having a width of 0.05 inch were punched and
stretched (i.e., about [.2 times from the ribbon and
were joined by nodes having a width of 0.1 inch. Ten
tiers of skeletal elements and a bottom border were
provided so as to yield a grid having 34 cells per 5 X 52
inch reticulated portion. After expansion the grid strip
was passed beneath a pair of plows 60 which gently
folded the winged reticulated portion down to a posi-
tion more nearly in the plane of the unexpanded center
portion but with a slight hump where the reticulated
portion joined the unexpanded portion. A beveled
(15°) roll 41 substantially completed the leveling out of
the hump. The strip was next passed between a pair of
stretching/forming rollers 44 which stretched the retic-
ulated portions in a direction 90° from the unexpanded
portion and increased this dimension of the reticulated
portions each by about one-fourth inch. From the
stretching/forming rolls, the grid strip passed between
flattening rolls 18, discussed above, where the slightly
canted nodes were rotated and their salient edges flat-
tened into plateaus which were 0.055 inch apart.
Hence, an overall node reduction from about 0.1 inch
to about 0.055 inch was effected.

While this invention has been disclosed in terms of
specific embodiments thereof, it is not intended that it
be limited thereto, but rather only to the extent set
forth hereafter in the claims which follow.

It is claimed:

1. A method of making lead-acid storage battery
plates comprising:

advancing a narrow lead strip, having a predeter-

mined thickness, longitudinally between two rows
of progressive dies and cutters, said strip having a
central, longitudinal lug-forming portion and two
expandable grid-forming portions flanking the lug-
forming portion and extending to both longitudinal
edges of the strip, and said rows comprising a plu-
rality of dies and cutters which converge in incre-
mental steps on the central lug-forming portion of
the strip passing between them;

periodically shearing bottom-border-forming sec-

tions from each longitudinal edge as the strip ad-
vances between the first set of dies and cutters,
each of said sections being linked to successive sec-
tions and to the remainder of said grid-forming por-
tion by unsheared portions of the strip intermediate
the sections;

expanding a first part of the remaining grid-forming

portions along the longitudinal edges thereof by pe-
riadically shearing rectangular wire-like segments
from said edges into a plurality of tiers of undula-
tory skeletal elements extending at acute angles to
the plane of said lug-forming portions and such that
successive tiers are offset one from the other and
joined one to the other by a plurality of nodes
which join the ends of successive segments in one
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tier to the centers of like segments in successive
tiers:

at approximately midway through the progressive
dies, engaging the underside of said border-forming
sections and pushing it upwardly to pull on the al-
ready expanded part and remove any deleterious
curl forming therein;

expanding the remainder of the grid-forming portions
in the same manner as done for said first parts:

said nodes for said first parts and remainders having
rectangular, vertically transverse cross-sections
and widths significantly greater than said predeter-
mined thickness and equal to the sum of the widths
of the adjoining skeletal elements, whereby two re-
ticulated portions comprising a plurality of polygo-
nal paste-retaining cells bounded by said skeletal
elements and nodes are formed with a continuous
row of uncxpanded bottom-border-forming scc-
tions on the lateral edges thereof and extend at
acute angles from the central portion in gull-wing
fashion when viewed head-on;

leveling the thusly expanded strip by folding said re-
ticulated portions down into nearly the same plane
as said central portion;

uniformly stretching the reticulated portions in direc-
tions substantially perpendicular to the direction
the strip is fed through the dies by urging each tier
of skeletal elements in those directions indepen-
dently of the other tiers to uniformly size the cells,
stretch the reticulated portions to a predetermined
width and slightly rotate the rectangular nodes
such that diagonally opposing edges of the nodes
become salient in the principal planes of the reticu-
lated portions;

flattening the reticulated portions by further rotating
said nodes and compressing said salient edges into
plateaus and thereby convert the rectangular cross-
sections of said nodes to polygonal cross-sections
having two opposing sides thereof laying in planes
substantially parallel to the faces of the pasted
plate and spaced one from the other by a distance
greater than said predetermined thickness but sub-
stantially less than twice said predetermined thick-
ness;

substantially engulfing the reticulated portions in a
leady active material paste and sandwiching same
between strips of paper which are substantially co-
extensive with said reticulated portions;

drying the paper-bound pasted strip; and

finally segmenting the pasted strip into individual
battery plates.

2. A method of making lead-acid storage battery

plates comprising:

advancing a narrow lead strip, having a predeter-
mined thickness, longitdinally between two rows of
progressive dies and cutters, said strip having a
central, longitudinal lug-forming portion and two
expandable grid-forming portions flanking the lug-
forming portion and extending to both longitudinal
edges of the strip, and said rows comprising a plu-
rality of dies and cutters which converge in incre-
mental steps on the central lug-forming portion of
the strip passing between them;

periodically shearing bottom-border-forming sec-
tions from each longitudinal edge as the strip ad-
vances between the first set of dies and cutters,
each of said sections being linked to successive sec-
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tions and to the remainder of said grid-forming por-
tion by unsheared portions of the strip intermediate
the sections;

expanding a first part of the remaining grid-forming
portions along the longitudinal edges thercof by pe-
riodically shearing rectangular wire-like segments
from said edges into a plurahty of tiers of undula-
tory skeletal elements extending at acute uangles to
the plane of said lug-forming portions and such that
successive tiers are offset one from the other and
joined one to the other by a plurality of nodes
which join the ends of successive segments in one
tier to the centers of like segments in successive
ticrs,

at approximately midway through the progressive
dies, forcing the nodes at said centers into substan-
tial alignment between cooperating tool members
on said dics and cutters to remove any deleterious
curl forming in the expanded part;

expanding the remainder of the grid-forming portions
in the same manner as done for said first parts;
said nodes for said first parts and remainders having
rectangular, vertically transverse cross-sections
and widths significantly greater than said predeter-
mined thickness and equal to the sum of the widths
of the adjoining skeletal elements, whereby two re-
ticulated portions comprising a plurality of polygo-
nal paste-retaining cells bounded by said skeletal
elements and nodes are formed with a continuous
row of unexpanded bottom-border-forming sec-
tions on the lateral edges thereof and extend at
acute angles from the central portion in gull-wing
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fashion when viewed head-on;

leveling the thusly expunded strip by folding said re-

ticulated portions down into nearly the same plane
as said central portion;

uniformly stretching the reticulated portions in direc-

tions substantially perpendicular to the direction
the strip is fed through the dies by urging cach tier
of skeletal elements in those directions indepen-
dently of the other tiers to uniformly size the cells,
streteh the reticulated portions to a predetermined
width and slightly rotate the rectangular nodes
such that diagonally opposing edges of the nodes
become salient in the principal planes of the reticu-
lated portions;

flattening the reticulated portions by further rotating

said nodes and compressing said salient edges into
plateaus and thereby convert the rectangular cross-
sections of said nodes to polygonal cross-sections
having two opposing sides thereof laying in planes
substantially parallel to the faces of the pasted
plate and spaced one from the other by a distance
greater than said predetermined thickness but sub-
stantially less than twice said predetermined thick-
ness,

substantially engulfing the reticulated portions in a

leady active material paste and sandwiching same
between strips of paper which are substantially co-
extensive with said reticulated portions;

drying the paper-bound pasted strip; and
finally segmenting the pasted strip into individual

battery plates.
* * * *



