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[57] ABSTRACT 

A process for cutting a moving strip to form a series of 
plates, such as battery plates, includes the initial step of 
transporting the strip past a rotary divider including a cutter 
having radial blades con?gured to cut the strip into the 
plates. The cutter further has a set of blades for cutting 
individual pieces from the strip, Which pieces are not part of 
the plates. As the cutter blades cut the strip to form the plates 
and pieces, a vacuum system applies suction to draW the 
pieces cut from the strip inwardly into the cutter through 
holes in the cutter, and then out of the cutter. The holes are 
each located adjacent each one of the corresponding blades 
and are shaped and positioned to permit the cut-aWay piece 
to pass through. In a preferred embodiment, the vacuum 
system includes a pair of vacuum manifolds that apply 
suction at opposite ends of the cylindrical cutter. An appa 
ratus for carrying out the foregoing process accordingly 
includes a rotary divider as described above provided With 
a vacuum system. Battery plates made according to the 
foregoing process are improved in that the tWo loWer corners 
have a rounded shape lacking a sharp edge Which tends to 
tear an adjacent separator. Such a plate may be inserted 
bottom end ?rst into a separator envelope to form a plate 
element for use in a lead-acid battery. 

12 Claims, 4 Drawing Sheets 
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BATTERY PLATES HAVING ROUNDED 
LOWER CORNERS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

TECHNICAL FIELD 

The present invention relates to the manufacture of plates 
from a moving strip by cutting the strip, particularly to the 
manufacture of battery plates for use in lead-acid batteries. 

BACKGROUND OF THE INVENTION 

Aplate for a lead-acid battery is conventionally made by 
applying a battery paste to a conductive support such as a 
lead alloy grid. The paste is made from lead oxide, sulfuric 
acid and Water. The lead oxide reacts With the sulfuric acid 
to form mono-, tri- or tetrabasic lead sulfate(s). Dry addi 
tives such as ?ber and expander may be added. The mixture 
is then dried and Water is re-added to form a paste of the 
desired consistency. The paste is applied to the lead grid, and 
the pasted plates are then ?ash-dried and cured at an elevated 
temperature and humidity to oxidize free lead and adjust the 
crystal structure of the plate. After curing, the plates are 
assembled into batteries and electrochemically formed by 
passage of current to convert the lead sulfate or basic lead 
sulfate(s) to lead dioxide, thereby forming the active lead 
material. 

The lead alloy grid is made in a multistage process in 
Which molten lead alloy is cast to form a strip. The strip is 
expanded to form mesh elements for grids, and the paste is 
then applied. Liner papers are applied to the surfaces of 
freshly pasted plates during the pasting operation to facili 
tate handling and stacking. Individual plates are formed by 
passing the pasted strip through a rotary divider that cuts the 
outlines of the individual plates on the moving strip. To 
ensure proper registration for cutting, the strip is formed 
during expansion With a series of regularly spaced central 
recesses that are engaged by lugs of a drive roller associated 
With the divider. The cut plates are then ?attened, ?ash 
dried, and stacked for later use in lead-acid battery manu 
facture. 

The battery grids each take the form of a generally 
rectangular frame supporting a mesh of grid elements onto 
Which the paste is applied. The frame has a pair of upper 
corners and a pair of loWer corners, and an electrically 
conductive tab extending from a location betWeen the tWo 
upper corners. In one common battery design, every other 
plate in the battery stack is inserted into an envelope made 
of a separator material such as submicro polyethylene. The 
sides of the envelope act as separators betWeen the plate in 
the envelope and the tWo adjoining plates in the battery 
stack. 

In assembling a battery of this kind, it is necessary to 
insert the battery plate bottom-?rst into the open end of the 
envelope so that the conductive tab at the top of the plate 
extends out of the envelope. HoWever, the bottom corners on 
the battery plates are sharp, and Will snag and tear the 
separator material betWeen the positive and negative plates, 
causing an electrical short Within the battery and reducing 
battery life. Bending or vibration of the plate disposed in the 
envelope during assembly or use can also cause tearing, and 
the problem is not con?ned to envelope-style separators. 

Use of battery plates With rounded bottom corners Would 
eliminate the snag and tearing of separators, but no practical 
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process has been proposed for producing rounded corners on 
such battery plates. In particular, any process Wherein the 
rotary divider cuts off corners results in small pieces of trim 
(scrap) that are severed from the strip. These pieces, if left 
on the strip after cutting, can come loose and cause cutting 
die failure on the divider and can lead to battery failure if the 
pieces are carried over and inadvertently incorporated into 
the ?nished battery. The present invention addresses these 
problems by providing a system for cutting the rounded 
corners and then removing the pieces during continuous 
plate manufacture. 

SUMMARY OF THE INVENTION 

A process for cutting a moving strip to form a series of 
plates, such as battery plates, initially involves transporting 
the strip past a divider having a rotary cutter With a ?rst set 
of blades extending radially therefrom con?gured to cut the 
strip into the plates, and a second set of radial blades for 
cutting individual pieces from the strip. As the blades cut the 
strip to form the plates and pieces, a vacuum system applies 
suction to draW the pieces cut from the strip inwardly into 
the cutter through holes in the cutter, and then out of the 
cutter. The holes are each located adjacent one of the 
corresponding cutter blades of the second set and are shaped 
and positioned to permit the cut-aWay piece to pass through. 
In a preferred embodiment, the vacuum system includes a 
pair of vacuum manifolds that apply suction at opposite ends 
of the cylindrical cutter. 
An apparatus for carrying out the foregoing process 

accordingly includes a rotary divider having a cylindrical 
cutter con?gured to cut the strip into the plates, including a 
second set of blades for cutting individual pieces from the 
strip as described above, and a vacuum system that applies 
suction to draW the pieces cut from the strip inWardly into 
the cutter through the holes in the cutter, and then out of the 
cutter. 

According to a further aspect of the invention, a conven 
tional battery plate as described above is improved in that 
the tWo loWer corners have a rounded shape lacking a sharp 
edge Which Would tend to tear an adjacent separator. Such a 
plate may be inserted bottom end ?rst into a separator 
envelope to form a plate element for use in a lead-acid 
battery. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will be described With reference to the 
accompanying drawings, Wherein like numerals denote like 
elements, and: 

FIG. 1 is a schematic diagram of an overall process for 
making battery plates in Which the process of the invention 
is included, With the shape of the strip at each stage shoWn 
beloW; 

FIG. 2 is a schematic diagram of a vacuum system used 
With a divider according to the invention; 

FIG. 3 is a schematic side vieW of the divider and ?attener 
apparatus used in the process of FIG. 1; 

FIG. 4 is a perspective vieW of a divider apparatus 
according to the invention; 

FIG. 5 is a partial perspective vieW of the cylindrical 
cutter shoWn in FIG. 4; 

FIG. 6 is partial front vieW, partly in section, of the left 
end of the divider shoWn in FIG. 4; and 

FIG. 7 is a front vieW of a battery plate element according 
to the invention, With the concealed portion of the plate 
shoWn in phantom. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, the process according to the invention 
is shown in relation to the other steps conventionally used in 
a continuous process for making lead-acid battery plates. 
The knoWn process for making such plates includes an 
initial step 21 of melting hog lead in a furnace, folloWed by 
a step 22 of feeding molten lead alloy to a strip caster. Trim 
from the caster is recycled to the furnace. The strip is coiled 
(23) on a Winder, and coils of lead alloy strip are stored for 
later use. 

To form a battery grid, the coil is unWound (24) and the 
free end is fed through an expander that cuts, slits and 
stretches (25) the strip to form a mesh-like pattern of grid 
elements. See, for example, the expanders described in US. 
Pat. Nos. 4,315,356 and 4,291,443 assigned to Cominco 
Ltd., the contents of Which are incorporated herein by 
reference. Trim from the expander is recycled to the furnace. 
The expanded strip is then pasted (26) by a conventional 
paster, and then fed to the divider according to the invention, 
Wherein the strip is cut (27). Plates cut from the strip are then 
?attened (28), then passed on a conveyer through an oven 
for ?ash-drying (29), and then stacked (30) for later use. 
Flash drying is performed using an open gas ?ame or an 
oven, for example, as a 10—15 second drying of the plates in 
a conventional blast drying oven at 260° C. (500° 
AshoWn in FIG. 2, a rotary divider 31 used in the cutting 

step has a vacuum system 32 associated thereWith. Divider 
31 cuts the moving strip into plates and, at the same time, 
cuts rounded corners as explained in detail beloW. Each pair 
of corners cut results in a small, roughly triangular piece of 
trim (scrap metal.) Vacuum system 32 includes a cyclone 
bloWer 33 connected to a cyclone 34 by a conduit 35. 
Cyclone 34 is in turn connected to a pair of manifolds 36 
disposed at opposite ends of divider 31 through a pair of 
hoses or pipes 37. The trimmed pieces from divider 31 enter 
manifolds 37 and pass through hoses 37 into cyclone 34. The 
pieces then fall out of the bottom of cyclone 34 into a barrel 
38. The contents of barrel 38 may be periodically recycled 
to a smelter. 

Referring noW to FIGS. 3 and 4, the divider 31 is located 
immediately ahead of a ?attener 39. Apasted strip 41 has a 
series of regularly spaced holes 42 Which are engaged by 
lugs or dogs 43 of an optional ?rst drive roller 44. Roller 44 
may comprise a series of spaced, coaxial disks of equal 
diameter that receive strip 41 from the paster, With lugs 43 
being on the center disk. Strip 41 then moves over several 
spaced, parallel support rails 46 into a nip 47 betWeen a 
second drive roller 48 and a cylindrical cutter 49. 

Cutter 49 simultaneously cuts strip 41 into tWo roWs of 
battery plates 41A having rounded outside (bottom) corners 
51. A freely-rotatable rotary brush 52, for example, a 2-inch 
diameter nylon brush, contacts the cylindrical outer surface 
of cutter 49 tangentially, preferably from end to end, clean 
ing it and aiding in forcing the trim pieces into the interior 
of cutter 49. All of rolls 44, 48 and 49 are driven by a 
suitable drive system 53 such as an electric motor provided 
With a gear linkage (not shoWn) that ensures that rolls 44, 48 
and 49 rotate together at the same speed. 

Flattener 39 includes pair of upper and loWer conveyer 
belts 56, 57 Wound over a series of spaced pairs of upper and 
loWer rollers 58, 59 and spaced apart by a distance approxi 
mately equal to the plate thickness, e.g., 0.04 inch. The 
plates 41A are fed betWeen belts 56, 57. The action of rollers 
58, 59 ?attens out any raised edges Which may have formed 
during cutting. Rollers 58, 59 have an associated drive 
system but need not be biased to exert extra pressure on 
plates 41A. 
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4 
FIGS. 4 to 6 illustrate the divider 31 in detail. Rotary 

cutter 49, Which is preferably a cylindrical drum, has a 
plurality of cutter blades 61 projecting radially from its 
cylindrical surface in a repetitive pattern that forms tWo 
offset roWs of plates 41A. Blades 61 include lengthWise 
blades 61A that form the sides of each plate 41A, central 
transverse blades 61B for forming the tab on each plate, and 
rounded blades 61C for forming the rounded loWer corners 
of each plate. Blades 61B alternate With a roW of central 
recesses 62 that mate With lugs 43 of drive roller 48, and 
blades 61B alternately face in opposite directions to produce 
tWo roWs of plates 41A from a single strip as shoWn. Blades 
61A extend from one end of a blade 61B alternately in offset 
positions toWards each end of the roll, at Which point each 
blade splits into a pair of curved, symmetrical blades 61C. 
Each pair of blades 61C cuts off a roughly triangular piece 
from strip 41 to form a pair of rounded corners 51. 

Rotary cutter 49 has a pair of axles 63 projecting from its 
ends rotatably supported by a pair of bearings 64; drive 
roller (cutting anvil) 48 is similarly supported. Cutter 49 
further has a pair of annular recesses 65 in each end. Each 
recess 65 communicates With a series of spaced radial holes 
66 each formed adjacent to and outWardly of an associated 
pair of cutter blades 61C. Holes 66 are large than the pieces 
trimmed by the blades 61C. 
The vacuum manifolds 36 are mounted in contact With the 

rotating ends of cutter 49 covering each recess 65. Each 
manifold comprises a pair of mating sections 36A, 36B 
Which are secured together by any appropriate means, such 
as screWs or other fasteners, on opposite sides of each axle 
63. Sections 36A, 36B have semicircular cutaWay portions 
Which form a manifold chamber 65A in communication With 
recess 65. An outlet opening 65B in one section 36B alloWs 
cut-aWay corner pieces 67 to pass through a manifold 
extension 70 having a gradually reduced Width, and then into 
hose 37, Which is coupled to extension 70. For purposes of 
removing corner pieces 67 from lead-acid SLI battery plates 
of conventional siZe, a minimum vacuum of about 9 inches 
of Water is needed. If the process line is operating at a speed 
higher than about 100—130 feet/minute, a stronger vacuum 
may be needed. 

In operation, cutter 49 rotates to continuously cut plates 
41A as described above. Triangular trim pieces 67 are cut 
aWay from strip 41 by rounded blades 61C. These pieces 67 
are draWn inWardly through holes 66 by the suction applied 
by vacuum system 32 through manifolds 36. If the suction 
is not su?icient to make each piece 67 fall in, brush 52 
contacts pieces 67 and presses them inWardly in combina 
tion With the force of the suction. Pieces 67 enter annular 
recess 65 and the associated manifold 36, after Which they 
travel to barrel 38 via manifold chamber 65A, outlet 65B, 
manifold extension 70, hose 37 and cyclone 34, as described 
above. 

FIG. 7 illustrates a plate element 71 according to the 
invention including a pasted plate 41A having rounded 
bottom corners 51, square top corners 72, and a conductive 
tab 73 extending from betWeen the top corners 72. The grid 
itself includes a generally rectangular outer frame 74 and a 
mesh of grid elements 75 (see FIG. 1) spanning frame 74 
Which are covered by the battery paste. Many different grid 
designs are Well-knoWn in the art. Each plate 41A is dis 
posed in a conventional submicro polyethylene separator 
envelope 76. Envelope 76 is formed from a single piece of 
material Which is folded in half and secured at the edges, for 
example, With crimped edges 77. During insertion or 
re-insertion of plate 41A into envelope 76, such as during the 
strap forming operation, rounded corners 51 prevent tearing 
of envelope 76. 



Re. 36,734 
5 

It will be understood that the foregoing description is of 
preferred exemplary embodiments of the invention, and that 
the invention is not limited to the speci?c forms shown. For 
example, the process and apparatus according to the inven 
tion could be used to manufacture virtually any type of plate, 
and are not limited to the manufacture of battery plates. The 
holes, blades and recesses of the cutter could be rearranged 
to cut away small pieces at locations other than the bottom 
corners as disclosed. These and other modi?cations may be 
made in the design and arrangement of the elements without 
departing from the scope of the invention as expressed in the 
appended claims. 
We claim: 
1. In a battery plate for use in a lead-acid battery, the plate 

comprising a conductive grid covered with an active lead 
material, the grid comprising a generally rectangular outer 
frame having a pair of sides, a top and a bottom spanned by 
grid elements forming a mesh, the frame having a pair of 
upper corners, a pair of lower corners, and an electrically 
conductive tab extending from a location on the top of the 
frame between the two upper corners, the improvement 
which comprises: 

the plate has been formed by expanding a strip of lead 
alloy, and the two upper corners are square and the two 
lower corners have a rounded shape lacking a sharp 
edge which would tend to cut an adjacent separator 
element, and the sides of the frame are substantially 
straight and free of projections. 

2. Aplate element for use in a lead-acid battery, compris 
ing: 

a separator envelope joined along its sides and bottom end 
and having an open upper end; and 

a battery plate comprising a conductive grid formed by 
expanding a strip of lead alloy and having an active 
lead material applied thereto, which plate is inserted 
into the separator envelope bottom end ?rst, wherein 
the grid comprises a generally rectangular outer frame 
having a pair of sides, a top and a bottom spanned by 
grid elements forming a mesh, the frame having a pair 
of upper corners and a pair of lower corners, with an 
electrically conductive tab extending from a location on 
the top of the frame, the plate being substantially 
completely inserted into and covered by the envelope 
except for the tab, which extends out of the open upper 
end of the envelope, and the two lower corners of the 
plate have a rounded shape lacking a sharp edge which 
would tend to cut the separator envelope. 

3. The plate of claim 1, wherein the tab extends from a 
location between and spaced from the two upper corners. 

4. The plate element of claim 2, wherein the upper corners 
of the frame are square. 

5. The plate element of claim 4, wherein the sides of the 
frame are substantially straight and free of projections. 

6. The plate element of claim 2, wherein the separator 
envelope has substantially the same shape as the frame and 
is sealed along its bottom and sides so that the frame ?ts 
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closely therein with the tab projecting out of the open upper 
end of the separator envelope. 

7. The plate element of claim 6, wherein the separator 
envelope consists essentially of polyethylene. 

8. The plate element of claim 7, wherein the separator 
envelope consists essentially of a single piece of polyethyl 
ene folded in half along a bottom edge thereof and crimped 
along its sides. 

9. The plate element of claim 4, wherein the tab extends 
from a location between and spaced from the two upper 
corners. 

10. A battery plate for use in a lead-acid battery, the plate 
comprising: 

a conductive grid formed by expanding a strip of lead 
alloy and covered with an active lead material, the grid 
having a generally rectangular shape including a top 
and a bottom and sides, the top and bottom being 
spanned by grid elements formed a mesh and the sides 
being substantially straight and free of projections, the 
grid having a pair of substantially square upper cor 
ners formed in the top, and a pair of rounded lower 
corners formed in the bottom, and a conductive tab 
extending from a location on the top between the two 
upper corners. 

11. A battery plate for use in a lead-acid battery, the plate 
comprising: 

a conductive grid formed by expanding a strip of lead 
alloy and covered with an active lead material, the grid 
having a generally rectangular shape including a top 
and a bottom and sides, the top and bottom being 
spanned by grid elements forming a mesh and the sides 
being open cut mesh and substantially straight and free 
of projections, the grid having a pair of substantially 
square upper corners formed in the top, and a pair of 
rounded lower corners formed in the bottom, and a 
conductive tab extending from a location on the top 
between the two upper corners. 

12. A battery plate for use in a lead-acid battery, the plate 
comprising: 

a conductive grid formed by expanding a strip of lead 
alloy and covered with an active lead material, the grid 
having a generally rectangular shape including a top 
and a bottom, the top and bottom being spanned by grid 
elements forming a mesh, the grid having a pair of 
substantially square upper corners formed in the top, 
and a pair of rounded lower corners formed in the 
bottom, and a conductive tab extending from a location 
on the top between the two upper corners, and 

a separator substantially completely enveloping the plate 
except for the tab which extends from an open portion 
of the separator; the separator being sealed at least 
along side portions thereof so that the plate ?ts closely 
therein. 


