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SPECIFICATION
Grids for electric storage batteries

The present invention relates to multicell electric
storage batteries and is concerned with a method of
forming grids for such batteries and with a grid array
for use in assembling such batteries. The invention
is concerned in particular with lead acid batteries,
especially such batteries of the type containing
substantially no mobile electrolyte, e.g. batteries in
which the electrolyte is in gel form or recombination
batteries. Recombination batteries are those which
include a reduced amount of electrolyte such that
there is substantially no free unabsorbed electrolyte
within the battery and in which the gas evolved
during operation or charging is not vented fo the
atmosphere but is induced to recombine within the

‘battery.

It is an object of the present invention to provide a
method of forming grids and an array of grids which
may be assembled into muiticell batteriesina
simple and economical manner and which, in parti-
cular, will result in an efficient use of raw materials,
in particular the lead or lead alloy and active material
in the case of lead acid batteries.

According to the present invention a method of
forming grids for multicell electric storage batteries
includes casting the grids in an array arranged to
provide a plate for each cell of the battery, each grid
being integrally connected to one or more adjacent
grids by a combination of bridge pieces and suffi-
cient temporary links to maintain all the grids of the
array in their desired configuration.

The grids are preferably cast in two interconnected
lines, which lines are preferably straight and parallel.
in the preferred form of the invention the elongate
array is cast in a continuous length which is
subsequently cut into discrete lengths, each of which
lengths itself constitutes an array of grids.

The invention also embraces a grid array per se
and thus according to a further aspect of the present
invention a grid array for usein assembling multicell
electric batteries comprises a plurality of grids
arranged to provide a plate for every cell of the
battery, each grid being integrally connected to one
or more adjacent grids by a combination of bridge
pieces and sufficient temporary links to maintain all
the grids of the array in their desired configuration.

The grid array is preferably cast, more preferably
continuously cast. At some stage in the assembly of
electric batteries it is necessary to separate the
continuously cast grid strip into discrete lengths and
in a preferred embodiment of the invention the grids
are cast in two interconnected, preferably straight
and parallel, lines. Preferably each grid is connected
to the or each adjacent grid in the same line by one

~ or more temporary links and at least some grids are
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connected to a grid in the other line by an integral
bridge piece. In an alternative embodiment certain
grids are not connected to a grid in the other line and
each such grid is cast with a connecting member
which extends towards but terminates short of the
other line. Each such connecting member which
terminates short of the other line of grids is prefer-
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ably shaped such that its free end is inclined to the
direction in which the lines extend. This construction
enables the continuously cast strip to be cut into
individual lengths without the necessity of cutting
certain of the bridge pieces.

It is preferred that the grids in one line are offsetin
relation to those in the other line in the direction of
the length of the lines, whereby a grid in one line is
opposite a connection between grids in the other
line.

Whilst all the grids may be identical itis prefefred
that certain of them differ from the remainder and in
the preferred embodiment certain grids are adapted
to be formed into positive plates and differ from the
remainder which are adapted to be formed into
negative plates. In one construction ali the gridsin
one line are adapted to be formed into negative
plates and all the grids in the other line are adapted
to be formed into positive plates. Alternatively, each
line may include one or more plates adapted to be
formed into negative plates alternating with the
same number of plates adapted to be formedinto
positive plates. In this case, it is preferred that each
grid in each line is integrally connected to or
otherwise associated with a grid of the opposite
polarity in the other line. :

A battery may be manufactured from a plurality of
grid arrays according to the present invention by
forming a laminated structure or stack of them
interleaved with separator material and with the
temporary links of adjacent arrays in registry and
then forming a plurality of cuts to sever the tempor-
ary links. The present invention also embraces such
alaminated structure, each grid which is adapted to
be formed into a positive plate being substantially in
registry with a grid adapted to be formedintoa
negative plate in the or each adjacent array. Each
grid may carry active electrode material.

The invention may be carried into practice in
various ways, and certain specific embodiments will
be described by way of example with reference to
the accompanying drawings; in which:

Figure 1is a plan view of a continuously cast
planar grid array comprising a plurality of intercon-
nected grids for manufacturing electric storage
batteries;

Figure 2 is a diagram illustrating a stage in the
assembly of batteries from such grid arrays;

Figure 3is a plan view of an assembled 12 volt
automotive battery showing only part of one gird
array;

Figure 4is a plan view of a modified construction
of grid array;

Figure 5is a plan view of a further modified
construction of grid array; and

Figures 6and 7 are disgrammatic plan views ofa
modified construction of battery made from grid
arrays according to the present invention showing
only the top layer of grids and the layer below the
top layer of grids respectively.

The battery grid arrays comprise planar elongate
strips of lead or lead alloy mesh which are continual-
ly cast on a casting machine generally of the type
described in U.S. Patent Specification No. 4349067
published September 14th, 1982, and a short length
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of one construction of the continuously cast mesh is
shown in Figure 1. The casting is in the form of an
array of grids arranged in two spaced parallel lines
disposed on opposite sides of what may be termed a
median line 20. The grids 11 of one line are adapted
to be formed into negative plates and the grids 12 of
the other line are adapted to be formed into positive
plates. The two lines are separated by a gap 13 but
each negative grid is integrally connected to a
positive grid by a bridge piece or lug 14 which
crosses the gap. The pitch of the lugs 14 is thus equal
to the pitch of the grids in the two lines. The grids of
each line are spaced apart but interconnected by
integral temporary links 15 which give the cast
elongate strip some stability but which are severed
during manufacture, as will be described below.
Each grid is formed with bars 17 extending parallel
to the length of the array which are closer spaced in
the positive grids than in the negative grids. The
negative grids also include bars 18 extending trans-
verse to the length of the array whilst the positive
grids include bars 19 generally radiating from the
lugs 14. The grid frames are broadened adjacent
their point of connection to the lugs 14, as indicated
at 21. In general, the bars in the positive grids are
wider than those in the negative grids and the
thickness of the grids for a typical automotive
battery is about one millimetre. After casting, the
strip is pasted, that is to say active material is applied
to the grids. Thus positive and negative active
material is applied to the lines of positive and
negative grids respectively.

Batteries are assembled by building up a lamin-
ated structure or stack of pasted grid arrays with
each line of grids of one polarity situated adjacent to
a line of grids of opposite polarity in the array above
and/or below it and separated therefrom by a
respective strip of compressible fibrous absorbent
separator material comprising microfine glass fibre
material with the grids of opposite polarity of
superposed arrays being in registry and the lines of
temporary links 15 thus being in registry also.
Mechanical integrity and to a certain extent stiffness
of the individual grid arrays is ensured by the
temporary links. The temporary links are then se-
vered, using a high speed band saw or the like to
separate the laminated structure into individual cell
packs. Each cell pack comprises alternating positive
and negative plates each of which is one half of a
bipolar plate connected to its other half of opposite
polarity in the other row by an integral bridge with
the exception of every other plate in the two end cell
packs which is a unipolar plate.

The laminated structure may be many layers thick
and the precise number of layers will be related to
the desired current capacity of the battery. in the first
third, fifth, etc. layers of the laminated structure the
negative grids are on one side and in the second,
fourth, etc. layers the negative grids are on the other
side of the laminated structure.

In one specific method of battery assembly a strip
comprising 144 interconnecting grids of the form
shown in Figure 1 is cast and a strip of separator
material is laid on each row of grids and optionally
lightly secured thereto. The strip is then severed into
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24 arrays of 6 grids each by severing appropriate
links 15 and bridge pieces 14 and the separator
material overlying the links to be severed. A 24 layer
laminated sandwich is then buiit up and it will be
appreciated that this will necessitate the turning of
every alternate grid array through 180° to permit the

desired registry of plates of alternating polaritytobe

achieved.

When the laminated structure is separated into
individual cell packs a total of four cuts is all thatis
required, each severing a temporary link 15 in each
of the 24 layers. It will be appreciated that the
unipolar plates in the two end cells, that is to say the
cell at one end of one row and the other end of the
other row, has a bridge piece which was severed
prior to the formation of the laminated structure and
thus terminates short of the other row.

The resultant laminated structure is shown di-
agrammatically in Figure 2 with the cuts severing the
temporary links 15 being shown at 31. The bridge
pieces 14 are arranged in a plurality of stacks whose
spacing in the direction of the length of the rows is of
course half that of the individual bridge pieces of a
single array as seen in Figure 1. The grids in the two
rows in the first, third, fifth, etc. layers are intercon-
nected by bridge pieces 14 which are in the same
longitudinal position along the length of the struc-
ture whereas the grids of the second, fourth, etc.
layers are interconnected by bridge pieces longitu-
dinally spaced between the other bridge pieces.

As may be seen in Figure 1, each bridge piece 14 is '

separated into two by a central gap 46 extending
parallel to its length, i.e. transverse to the length of
the rows. When the continuously cast strip is
separated into individual grid arrays every sixth
bridge piece is severed also and this is done by
forming two cuts 47 which communicate with the
gap 46 to leave two full length but half width
terminal connectors, designated 48 in Figure 2.
After the laminated structure has been built up
from individual grid arrays it is clamped to facilitate
its separation into individual cell packs by severing -
the links 15. The connectors 48 are disposed in two
vertical stacks and a tapered terminal post 57 is then
formed around each such stack, preferably by pour-
ing molten lead into a mould placed around the
stack. The cross-section of the terminal posts 57
increases such that at their take-off end the cross-
section is equal to the aggregate cross-section of

‘each of the stacks of bridge pieces 14, which of

course constitute the intercell connectors in the
finished battery. The terminal posts are positioned
as close as possible to the inner faces of the grids to
minimise the internal resistance of the battery.

The severed structure is then placed as a unitinto
an outer container 51, seen in Figure 3, which is of
rectangular shape and has integral intercell parti-
tions 43 which extend inwardly from the sides of the
container over about half the width of the container
and are situated in positions corresponding to those
of the cuts 31 in the battery structure, that is to say
they are offset longitudinally.

The battery is then filled with electrolyte in any
appropriate manner. Either before or after the addi-
tion of the electrolyte the terminal connectors 59 on
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the container are connected to the terminal posts 57
by resistance welding or the like. The battery is then
electrolytically formed and the container sealed by a
lid.

In the construction referred to above it is neces-
sary when assembling a battery to sever certain of
the bridge pieces 14 to leave half connectors 48 to
which terminal posts are connected. This is avoided
in the modified construction shown in Figure 4in
which those bridge pieces, which in the construction
of Figure 1 are severed, are cast integral with one
grid but terminating short of the other row of grids
and thus do not require to be severed. These bridge
pieces or connectors are designated 48 and may be
of simple rectangular shape. Alternatively, the end of
these connectors may be inclined to the iength of the
connectors, either over their whole width, as shown
in the right hand connector 48 in Figure 4, or over
only a proportion of their width as shown in the left
hand connector 48 in Figure 4. Such shaping of the
connectors 48 is found to facilitate the formation of

the terminal pillars, the reason for which is believed

to be that the molten metal can more readily flow
around the connectors 48 and reliable key to them.

In the further modified construction of grid array
shown in Figure 5, the casting machine is modified
so that each row of grids contains grids of positive
type and of negative type which are associated with
grids of opposite polarity type in the other row. in
this case, each row includes groups of three positive
plates alternating with three negative plates and it
will be appreciated that this number is appropriate
for a six cell battery and will be varied if the battery is
to have a number of cells other than six. Certain
bridge pieces are again discontinuous and have
inclined ends, as described in connection with Figure
4,

The advantage of this construction is that after
separation of the cast strip into individual grid
arrays, a laminated structure may be formed without
the necessity of having to rotate every alternate
array through 180°. On the other hand, manufactur-
ing considerations render it desirable that the grids
of each row are pasted with the identical active
material and since both rows contain grids of both
polarities, both rows are pasted with a universal
active paste, that is to say active material paste
which may be electrolytically formed into either
positive or negative material. Alternatively, each grid
is individually pasted with an active material which
is specific to the polarity which the pasted plate is to
adapt in the finished battery.

In the modified construction of battery illustrated
diagrammatically in Figures 6 and 7, the cells are not
disposed in two rows but are assymmetrically
disposed. The top layer of grids, and every alternate
layer beneath it, comprises three bipolar pairs of
grids 11, 12 of opposite polarity connected by a
respective integral bridge piece 14 and the layer
below the top layer and every alternate layer be-
neath that comprises two bipolar pairs of grids
integrally connected by a bridge piece and two
unipolar grids connected to respective terminal
posts 57. Each cell comprises a stack of pasted grids
of alternating polarity separated by a respective strip
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of separator material and each cell is maintained
spaced apart from the or each cell to which it is
directly connected by an intercell connector consti-
tuted by a stack of bridge pieces 14 by the said
intercell connector only. Each celi is separated from
the or each adjacent cell to which it is not directly
connected by an intercell connector by an intercell
partition 43 integral with the container 51.

Such a battery is assembled by forming a lamin-
ated structure of two alternating constructions of
grid array having the grid configuration shown in
Figures 6 and 7 respectively. The grids of each array
are interconnected by the integral bridge pieces 14
and additionally by sufficient integral temporary
links 15, which are shown in dotted lines, to impart
adequate structural stability. A total of six cuts is
then made to sever the links 15 whilst leaving the
bridge pieces 14 and the battery is then completed
as described above.

The battery made from grid arrays according to
the present invention is preferably of recombination
type with no free, unabsorbed electrolyte and it has
been found that it is not necessary to provide
intercell sealing between adjacent cells which are
connected by an intercell connector because the
absorptivity of the separator material is such that the
opposed surfaces of the two rows of cells are
substantially dry and there is thus no electrolyte
available for the conduction of intercell ionic leakage
currents. It is however desirable that adjacent cells
which are not directly connected by an intercell
connector are separated by an intercell partition to
prevent relative movement of those cells resulting in
their contacting one another thereby shortcircuiting
the battery.

The battery makes very economical use of lead
because all the iead used during casting is included
in the finished battery except for the smail amount of
lead forming the interconnecting links 15.

In view of the fact that the plates in the finished
battery are "horizontal” and may be retained horizon-
tal at all times during assembly of the battery the
plates may be designed primarily for electrochemic-
al efficiency since mechanical strength and in parti-
cular bending rigidity is not an important require-
ment. This enables the plates to be substantially
thinner than in a conventional battery which results
in a more efficient utilisaton of active material and
the need for less metallic lead in the battery. This fact
coupled with the fact that the intercell connections
are integral and necessarily of the minimum theore-
tical length results in the peak current which the
battery may produce being very high, which capabil-
ity may result in the case of an automotive battery in
the battery having a reduced weight and thus
reserve capacity for a given cranking power which is
a function of the maximum current output.

CLAIMS

1. Agrid array for use in assembling a multicell
electric battery comprising a plurality of grids
arranged to provide a plate for every cell of the
battery, each grid being connected to one or more
adjacent grids by a combination of integral bridge
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pieces and sufficient temporary links to maintain all
the grids of the array in their desired configuration.

2. Agrid array as claimed in Claim 2 in which the
grids are cast in two interconnected lines.

3. Agrid array as claimed in Claim 2 in which
each grid is connected to the or each adjacent grid in
the same line by one or more temporary links and at
least some grids are connected to a grid in the other
line by an integral bridge piece.

4. Agrid array as claimed in Claim 2 or Claim 3
which is elongate and in which the two lines are
straight and substantially parallel.

5. Agrid array as claimed in Claim 3 or Claim 4 in
which certain grids are not connected to a grid in the
other line and each such grid is cast with a connect-
ing member which extends towards but terminates
short of the other lines.

6. Agrid array as claimed in Claim 5 in which
each connecting member which terminates short of
the other line of grids is shaped such that its free end
is inclined to the direction in which the lines extend.

7. Agrid array as claimed in any one of Claims 2
to 4 in which each grid is connected by means of an
integral bridge piece to a grid in the other line and
each bridge piece includes an aperture extending in
the direction of its length and separating it into two
portions.

8. Agrid array as claimed in any one of Claims 2
to 7 in which the grids in one line are offset in
relation to those in the other line in the direction of
the length of the lines, whereby a grid in one line is
opposite a connection between grids in the other
line.

9. Agrid array as claimed in any one of the
preceding claims which is cast.

10. A grid array as claimed in any one of the
preceding claims in which certain grids are adopted
to be formed into positive plates and differ fromi the
remainder which are adapted to be formed into
negative plates.

11. Agrid array as claimed in Claims 2 and 10 in
which all the grids in one line are adapted to be
formed into negative plates and all the grids in the
other line are adapted to be formed into positive
plates.

12. Agrid array as claimed in Claims 2 and 10 in
which each line includes one or more grids adapted
to be formed into negative plates alternating with
the same number of plates adapted to be formed
into positive plates.

13. Agrid array as claimed in Claim 11 or Claim
12 in which the grid elements of the grids adapted to
be formed into positive plates are closer spaced than
those of the grids adapted to be formed into
negative plates.

14. A grid array as claimed in any one of Claims
10 to 13 in which the grids adapted to be formed into
positive plates include grid elements radiating from
the bridge pieces or connecting members.

15. A grid array for use in assembling muticell
electric batteries constructed and arranged substan-
tially as herein specifically described with reference
to any one of Figures 1, 4 or 5 or Figures 6 and 7 or
Figures 8 and 9 of the accompanying drawings.

16. Agrid array as claimed in any one of the

preceding claims in which each grid carries active
electrode material.
17. Alaminated structure comprising a plurality

- of superposed grid arrays as claimed in Claims 1 and
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10, each grid which is adapted to be formed into a
positive plate being substantially in registry with a
grid adapted to be formed into a negative plate in the
or each adjacent array.

18. Astructure as claimed in Claim 17 in which
each grid carries active electrode material and is
separated from the or each grid with which itisin
registry by absorbent separator material.

19. A method of forming grids for a multicell
electric storage battery which includes casting the
grids in an array arranged to provide a plate for each
cell of the battery, each grid being connected to one
or more adjacent grids by a combination of integral
bridge pieces and sufficient temporary links to
maintain all the grids of the array in their desired
configuration.

20. A method as claimed in Claim 19 in which the
grids are cast in two interconnected lines.

21. Amethod as claimed in Claim 20 in which
each grid is connected to the or each grid in the
same line by one or more temporary links and at
least some grids are connected to a grid in the other
line by an integral bridge piece.

22. A method as claimed in Claim 21 in which
certain grids are not connected to a grid in the other
line and each such grid is cast with a connecting
member which extends towards but terminates
short of the other lines.

23. A method as claimed in any one of Claims 20
to 22 in which the array is elongate and the two lines
are straight and substantially parallel.
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