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To ali whom, it may concern:

Be i1t known that I, ALBERT EDWARD

- WOOLF, a citizen of the Umted States, and a
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resident of New York city, in the county of
New York and State of New York, have in-
vented certain newand useful Impl ovements
in Sec,ondmy Batteries, of ‘which the follow-
1ng 18 a specification. |

"V[y invention relates to impr ovements in
plates for secondary batteriés; and it consists
in the construction of the pla,tes hereinafter
described, and illustrated in the drawings, in

which the same reference-letters indicate the
same parts in all the figures. |

Figure 1 illustrates a peispeetwe view of a

sheet of lead covered with the “‘active mate-

rial” in a flat state, from which sheet so covered
I make my improved plates.

as shown in Fig. 1, after having been rolled
up into subsmntlally eylmducal form. Fig.
3 1llustrates a perspective view of the rolled
sheet’'shown in Fig. 2 after it has been sub-
jected toa ﬂattenmw operation. FKig. 4 illus-

trates the ﬂattened sheet shown in Fig. 3,
- from which one of my improved plates has

been cut or sawed, as shown at Fig. 4*. Fig.
5 illustrates an elevatlon of one of ‘my im-
proved plates having a re-enforcing band of
hard rubber or equwalent mateual placed
around i1t. Fig. 0 illustrates a vertical trans-
verse section of the plates shown in Fig. 5,
taken on the line x « of that figure. Fw 7
illustrates a
side wheleof has been removed, showing the
construction of the cell and the relatwe pPo-

sifion and arrangementof myimproved plates

when in the eell some of the plates being
omitted. Fig. 8 ustr ates a top view of the
cell and a few of the plates shown in Fig. 7,

~ partly in section.
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~ "The bestforms of plateq for secondary bat-

teries known prior to my invention, so far as

I am aware, are the Julian and the' Faure
plates. 'These plates,owing to their Ppeculiar
construction, are sub;]eet to the follow Ing se-

- Tious Gb;]e(,tlonq

5o the plates, so called-—-n-m other words, the ﬂet- ' to employ sulphuric acid for this purpose, be- 100

First. The chemical action induced by the

current during the operation of “forming”

- Kig. 21llustrates
aper spective view of the sheet of lead covered,

side view of a battelj-eell the ]

ting them into condition for useful service by

repeatedly charging and discharging them

electrically—and even after the plates have

been “formed,” induces a lateral warping or

bending of the plates, which is technically
called ”bueklmﬂ > This buckling frequently
brings cont.lﬂuous plates into eontaet with

geaeh other, Whmh of course results in short-
circuiting the batter y.

Second, The buckling of the plates looqens
the active material in the “grids,” which
sooner or later becomes dl&plaeed

plates areinjured, if notr endel ed pr actleally
valueless.

Third. When these p1101 plates have bo-
come thoroughly formed and in their most

valuable condition for service, because then

being specially capable of receiving a large
quantity of current, they become exceedingly

‘foraminated” throughout, so much so that
| they disintegrate and ultimately fall to pieces

of their own weight, and frequently they are

destroyed dmmw the period of their greatest

value because of jars or like dmtmbmn‘
causes, which break them up.

Fhusthe-
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Foulth The weight of the plates heleto- |

fore in use 15 mueh ogreater than can be con-
venlently used for pmetical purposes under

many conditions—such, for instance, as a mo-
tive power for surface roads or as lighting

medium on moving structures—and is greater

than 1s themetm&ﬂg necessary for giving the

desired storage capacity.
Kifth. The expense of the pla,tes her etofore
known, owing to their insufficient durability,
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I 1elat1vely ‘much oreater than that of ‘my

improved plates.

In the manufacture of my plates 1 proceed
as follows: |
- A 1s a sheet or plate of lead of the desired

| thickness, and large enough to be rolled up

and then cut into a numbet of separ ate plates,
as hereinafter set forth. |

Bis a coating of the active materlal pret-
erably litharge, although other equwalent
material may be used.
plastic mass, so that it may be evenly and
readily spread upon the lead by admixing it
with any suaitable hqmd substance.

It is made into a

I pr efer
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‘thickness of the lead itself.

e |

cause there will then be nothing present re-
quiring subsequent ehmmallon The lith-
arge or its equivalent is spread on the lead
to a thickness preferably about equal to the
Then either be-
fore or after the litharge has (11ied, as may

-be preferred, the sheet of lead is carefully

rolled up into the form of a scroll C, (shown

~in Fig.2,) thelitharge being rolled in, leaving
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the lead exposed outwar dl} Itispr efelably
rolled as tightly as may be, so that the lead
on both sides touches “the active material.
The scroll-like roll is then preferably placed

“under a suitable press and is squeezed 1nto a
somewhat flattened shape, as seen at C’ in

Fig. 3.
into

The roll may, if preferred, be put
suitable former or die during the

~ pressing operation, whereby it will be given
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- by dotted lines F.
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such form, square or otherwise, as deened
The appllea,tlon of the pressure to the roll
has the effect of bringing all parts of both
surfaces of the lead Into intimate contact
with the active material. The pressed rollis
then cut across transver sely, preferably witha
circularsaw, into slices or pieces, which are to
form the battely plates, one of which I 1llus-
trate at E, Fig. 4%, and the lines on which
Subsequent ones may be cut I also illustrate
The first and last slices
or plates severed from the ends of each roll
are not always perfect, owing to the partial

‘displacement of the active ma,terml during

the rolling and pressing operations. ‘I'heac-
tion of the circular saw is such as to draw
down a - burr from each layer of the lead
throughout the saw-kerf, which, ovella,ppmn
the a;etwe material ad,]aeent to it, holds 1t
more firmly in its place. After the separate
plates have been formed as above stated the
exposed end of the sheet of lead may be fast-
ened in any preferred manner, as by solder-
ing it, and they may be used as b&ttelj -plates

- 1n then then condition, if desired; but I pre-

fer to strengthen the plates, the1eby very
greatly addmﬂ to their durability, as follows:
G is a hard- 111bbe1 band or clasp, which is

‘made of such size as to fit snugly around the

outer edge of each plate. The ends of the

may be drawn together, and preferably the

- end of the lead ela,mped between them. 1

show laterally-projecting ends II H-and a cross
serew or rivet I, also preferably of hard rub-

ber, for this purpose. Theend of the strip of
lead shown at J is freed from the active ma-
terial, and, being bent at substantially right
angles from the plate,is held firmly in place
between the terminals I H’ of the rubber
band or clasp, projecting somewhat beyond
them, thus affording a good means whereby
the wire eenneetlons can be made. The rub-

ber clasp is preferably made somewhat wider
than the thickness of the plate. Thus there
are laterally-projecting edges K K (see Fig.

6) at each side of the plate Thus, when the

several plates are put in the cell, as seen in |
Figs. 7 and 8§, the rubber bands or clasps may |
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be arranged to touch each other at their
edges, whereby movement of the plates in the
cell will be avoided, thus reducing liability of
fracture. Therubber band or ¢lasp of course
insulates each plate from the plates adjacent
to it, and in order that the solution may have
free access to and circulation among the sev-
eral plates I form a series of epenings L in
the edges of the rubberbands, through which
the solution can readily circulate. The plates
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should preferably be supported within the :

cell uponrubber or equivalentbars « o at the

bottom and similar bars 6 at the sides, run-
ning horizontally, and vertical bars ¢ at the
ends, running vertically. They may, how-
ever, rest on the bottom of the cell, or be
ethe1 wise supported. |

Also, an important feature of my 1mp10ve- '
ment is, that the several plates which are to

constitute the double electrode for the cell
may be clamped all together, so as to form
one structure, which can be ehpped into the
battery cell or reservoir and otherwise ma-
nipulated, transported, and handled muech
more conveniently than the separate plates
can be.
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It will be seen that in addition to the fore-

going the employment of the rubber band or
Ol('tSp oreatly increases the durability of the
plates, because the rubber, being unaffected
by the solution, will remain intact perma-

nently, and will hold or sustain the lead and

the active material in their proper plaee for
a long time, irrespective of the degree of their
fommmetmn or partial d1smte0"1 ation. It
will also be observed that the metal of the
strip of lead is in several convolutions
throughout the plate, and also that it is pre-
sented edgewise to the strain of the buckling
action. Thue it is enabled to overcome thet
action, and even without the strength-giving
rubber band the plates are not deﬂected ma-
terially from their proper flat condition. It
will of course be obvious that the separate

plates may be sawed or otherwise %epmated

from the roll, as shown in Fig. 2, without

being flattened or otherwise complessed 1
-plefel to subject them to pressure, however.
bands are provided with means whereby they |

My plates may be made separately by coil-
ing a strip of metal of the desired width into
the form of a flat volute, as seen in Fig. 2, at
the forward end thereof, and then I‘OWdiﬂ'ﬂ"‘

the active material 1n plaee between the sev-

eral convolutionsof the metal. Also,thelead
nlate, having the active

desired Wldt]l and then these strips coiled into
flat volute f01 ms, thus forming the plates.
- Having described my 111?(311131011 I claim—
1. An eleetmde for stom%-batteues com-
prising, essentially, a strip of metal coated
with active material and coiled upon itself in

‘such manner that the active material fills all

the space between contiguous layers of the
metal, substantially as set forth.

2, An electrode for storage- ba,tteues, com-
prising, essentially, a strip of flat metal coated

material upon it, as -
“shown in Fig. 1, may be slit into strips of the
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active material and coiled upon itself in such
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with active materml and coiled upon itself
flatwise and in such manner that the active

material fills all the space between contigu-

ous layers of the metal, subsmntm,ll} as set
forth.,

3. An electrode for storage- batte;ues, COM-
essentially, flat metal coated with

manner that the width of the metal extends
across the plane of the plate, and also so that
the active material fills all the space between

contiguous layers of the m etal, substantially

as set forth.

4. An electrode for Stomc"e -batteries, com-

prising, essentially, flat metal coated with

active mateua,l colled upon itself flatwise,

~and having all the space between contiguous
- layers of the metal

. and pressed into oblonw form, Substa,ntmlly

illed with active ma,teual

as set forth.
5. An electrode for. stmane-battules CONI-

‘prising, essentially, metalhc, parts Sepmated

by interposed la,yels of active material, and
an exterior sustaining band or clasp, substan-
tla,lly as and for the purposes set forth.

. An electrode for storage-batteries, com-
pr 15111...,, essentially, flat metallic parts dis-

posed in such manner that the width of the

metal extends across the plane of the plate,

active material between adjacent surfaces of

~ the metal, and an exterior sustaining band or

~clasp of rubber or other material not acted

upon by thesolution,substantially asset forth.

7. An electrode for storage-batteries, com-
prising, essentially, metallic parts separated
by mtemosed layers of active material, and
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an exterior band or clasp of rubber or other
material not acted upon by the solution, and

means for drawing the ends of the band to-
gether, substmltlally as set forth.

8. An electrode for storage-batteries, com

40

prising, essentially, metallic parts separated

by interposed layels of active material, and
an exterior band or clasp of rubber or other

material not acted upon by the solution, the

band being wider than the metal or the act-
ive material, or provided with projections
which extend later ally beyond the face of the
plate, substantially as set forth.

9. As a new manufacture, a roll from Whl(,h

electrodes for storage-batteries may be cut,

consisting, essentlally, of a sheet metal emted
with active material and rolled up upon itself,
so that thie active material fills all the space

‘between contiguous layers of the metal, sub-

stantially as set forth.
Signed at New York, in the county of “\Tev&
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York and State of New York, this 17th d.;my

| of June, A. D. 1889.

'ALBERT EDWARD WOOLF.

Witnesses:
- PHILLIPS ABBOTT,
EpwiN C. DUSENBURY.
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