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To all schom it wmay concern :

Be it known that we, Brinu THoMSON and
Lopwix J. Housrton, both of the city and
county of Philadelphia, and State of Pennsyl-
vania, have invented a certain Process and
Apparatus for the Storage of IBlectricity, of
‘which the following is a full, clear, and exact
deseription; and we o hereby declare that
the sameis a full, clear, and exact description
of our said invention, which will enable any
person skilled in the art te which our inven-
tion pertains to use, make, and practice the
same, reference being had to the aceompany-
ing drawings, and to the letters of reference
marked thereon.

The objects of our invention are to provide
a mecans for storing electricity developed by
dynamo-electric machines; to provide means
for properly controlling the working of such
machines, so as to prevent demagnetization or
reversal of magnetic polarity both in starting
and stopping said machine when used in con.
nection with a storage-battery; to provide
means to insure at all times the running of a
dynamo-clectric machine with its proper ex-
ternal resistance, and thus avoid damage to it
and other parts of the apparatus that would
otherwise result; to provide means for charg-

ing the storage-battery while said battery is.

furnishing carrent, and also to provide means,
by the combination of a dynamo-electric ma:
chine and storage-battery, for proecuring an
clectro-motive force greatly in excess of that
which the machine alone is capable of pro-
ducing.

The object of our invention may be stated,
generally, to be to so employ a dynamo-elec-
tric machine under circumstances where the
power used to drive the machine is intermit-
tent or subject to fluctuations as to obtain an
clectrical current suitable to the performanece
of work requiring such carrent to Le uninter-
rupted, or of nearly constant electro-motive
force.

The purposes to which we apply our inven-
tion are chiefly as follows: In light-houses a
dynamo-electric machine is provided, operated
by suitable motive power at intervals during
the day, the electricity from which is made, as
provided by our invention, to charge storage-

batteries, whose carrent is finally employed,
either in conjunction with said dynamo-elec-
tric machine or separate therefrom, to operate
saitable electrical-light sources. _

In railroad-engineering a dynamo-clectric
machine is similarly ran by the motion of the
train, or the motive power derived from the
locomotive-engine, to charge, as provided by
our invention, storage-batteries placed under
the train; and employed, when needed, for the
operation of thehead-Tight or other illuminat-
ing device, for electric-signal a pparatus, or for
other purpose.

In steamships part of the motive power is
employed at intervals to drive a dynamo-elec-
tric machine, whose current is, as provided by
our invention, employed to charge storage-
batteries, the current from which operates the
signal or other lights employed.

In manufactories, where the motive power is
subject to interruptions, our invention pro-
vides a means of sustaining during said inter-
ruptions the illuminating power of the elec-,
triec lamps employed therein.

Ourinvention is also applicable to the opera-
tion of dynamo-electric machines in conjunc-
tion with systems of telegraphic signaling.

In our system we employ a dynamo-clectric
machine in conneetion with a peculiarly-con-
structed switch and resistance-coils attached
thereto, and a safety electro-magnetic cireuit-
opener, and in connection with a storage-bat-
tery embodying the principles of our Letters
Patent for voltaic-battery cells, of even date
herewith.

In certain cases we employ besides the above
peculiarly-constructed com mutators,to behere-
inafter described.

We have found it necessary in charging a
storage-battery by means of a dynamo-electrie
machine to bring said machine to its full nor-
mal condition as to developing current before
making attachment to said sto age-battery,
since otherwise, shonld such storage-battery
possess slight residual current-producing pow-
er, the slight magnetism of the dynamo-elec-
tric machine would be reversed, and the eur-
rent obtained therefrom caused to flow in a
direction eontrary to that desired in the charg-
ing, or otherwise to defeat the objeet in view.
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We also ind that inconveniences arise when
the dynamo-electric machine is placed upon
closed circuit without external resistance, so
that its magnets may become highly charged
before its current is transferred to the storage-
battery.

The inconveniences referred to are the ex-
cessive power required to move the machine
when on closed civenit, the danger of injury
by heating or burning, and the injury to the
terminals of the machine resulting from the
extra spark when said terminals are trans-
ferred to the circuit of the storage-battery.
Tf, also, during the operation of the machine,
any sudden stoppage of motive power oceurs,
as would be the case if the belt driving said
machine should break or slip, the storage-bat-
tery being partly charged, a current would
instantly flow through the machine, reversing
its magnetis, giving its armatare rotation
in the opposite direction, and upon once more
giving it motion in the proper direction the
current, becoming the reverse of that required
to charge the battery, would undo the work
already accomplished insaid charging. These
andotherdisadvantagesareovercome by means
of our invention. :

In the further description of the invention
which follows, reterence is made to the accom-
panying drawings, in which—

Tigure 1 is an extended view of our com-
plete apparatus. Tig. 2 is a section of the
storage-battery. Tig. 3 is an end view of the
same, one of the end plates being removed.
Tigs. 4 and 5 are exterior views of storage-
batteries, showing special applications there-
to, as hereinafter described. Iigs. 6 and 7
are, respeetively, a side and an end view of
the switch. '

Similar letters of reference indicate similar
parts in all the figures.

A represents a dynamo-electric machine; B,
a storage-battery; O, the switch and resist-
ance; I, an electrical resistance, such as a coil
of wire or a strip of some partial conductor
equal to the proper external resistance for
which the machine is normally used.  Asafety
circait-opener, D, is also provided, the fune-
tion of which-will be hereinafter described.

Galvanometers G G/ are interposed at con-
venient points in portions, respectively, of the
circuit leading from the switch C to the ma-
chine A aund to the battery B, as shown.

The switeh C consists, essentially, of amova-
ble rib of metal, P, in electrical communica-
tion with one of the wires leading from the
machine A, said wire being marked « «. The
other wire from said machine is led to one ter-
minal of the storage-battery B, asshown at b b
b, but is branched through the resistance R
at ¢ _

Metallic contact-plates1 2 3 4 5, of any con-
venient number, are provided. Plate 1 is at-
tached to that extremity of the resistance Id
not attached. to the wire » b b at ¢, and also
through a resistance-coil, #, to @ second plate,
2, and this latter through a resistance, 77, to

plate 3, plate 3 to plate 4 throngh +/, while
the last two—rviz., 4 and 5—are insulated froim
each other.

The terminal d & of the bgttery B-has at-
tached to it, in like manner, a set of condunct-
ing-plates, 7, 8,9, and 10, and resistances s, ¢/,
and s, arranged in the inverse order to 1, 2,
3, 4, and 3, 10 being attached to d dand to9,
8, and 7 through resistance-coils s”/, s/, and s,
while 6 and 7 are insulated from each other.

Plates 5 and 6 may be omitted when 80 de-
sired.

To secure the bast results, the resistances »
7 17 sheuld be made unequal, » being less than
¢/, and ¢ less than ¢/, and should, together,
be several times that of R, Similarly, the re-
sistances s/, &/, and s shounld inerease in the
order named.

If the metallic rib P be placed so that its
extremities rest on the plates Land 6, the bat-
tery B is eut out of the circuit of the machine
A, and the resistance R is ingerted. This po-
sition is given to the switch on starting the
machine A, and the current it develops
reaches that strength normal to it in passing
through the resistance R, and thas the possi-
bility of damage resulting from exeessive enr-
rent and from the excessive strain on the mo-
tive power, which would oceur were the resist-
ance R not employed, is avoided. The rib 1
is now moved so as to come into contact suc-
cessively with the plates 2 and 7, with 3 and
8, with 4 and 9, and, finally, with & and 10,
At this moment the resistance Ris completely
removed from the circunit of the machine A,
and the resistance of the storage-battery I

substituted; and while the gradual nature of

the transfer has prevented any considerable
change in the working condition of A, 50 also
any burning of contacts in the gwiteh C has
been avoided. The necessity of these precau-
tions in operating arises from the fact of the
great intensity of the carrent flowing and the
length of condictor through which it passes.

1f, while the rib P is in contact with the
plate 10, any accidental stoppage of the ma-
chine A should ocenr, as from the breaking or
slipping of the belt, the battery B then dis-
charges itself through the machine A, giving
it motion and reversing its magnets.

To avoid such a discharge of the battery
B, and consequent injury to the machine A, an
automatic cirenit-opener, D, Tig. 1, is provided,
consisting of an electro-magnet whose coils
are in the circnit of the machine, and the mo-
tion of whose armature N toward the magnet
D closes the eireuit @ ¢ by bringing into con-
tact the conducting-points /f. Aspringispro-
vided, so that on the weakening, by any cause,
of the currents developed Dy the machine, the
armatare of the electro-magnet D is released
and the circnit broken at £ /. When desired,
the armature N of the maguet D, instead of
breaking the circuit of ¢ « at/f f, moves in-
stead, when actuated by a spring, the sliding
piece P of the switch U, so as to cause sald
sliding piece P to rest in contact with plates
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1 and 6, and thus remove the battery B from
the cireuit of the machine A. This modifica-
tion of parts is hereinafter described in con-
nection with IFigs. 6 and 7.

When the storage-battery B is partially or
wholly charged, and it is desired to stop the
machine A, the sliding rib P is moved into
contact with plates 1 and 6, thus taking the
battery B out of the circuit and restoring the
resistance R. Themachine may nowbebrought
to rest without detriment.

Galvanometers G G are preferably provided
as indices of the direction and strength of the
currents traversing the various circuits.

In order to secure compactness and simplic-
ity of the storage-battery, we prefer to con-
struct it as follows: A series of disks or plates,
L I/ I, TFig. 2, of copper or other suitable
metal, are arranged one above another, and
separated by rings W W, of earthenware, rub-
ber, wood, or other properly - prepared sub-
stance not affording electrical contact between
the copper plates. A convenient number of
plates and rings ave thus piled alternately and
bolted firmly together between plates E I, as
shown. The spaces between the copper disks
L I/ I, &e., are filled with a saturated solu-
tion of zine sulphate, or similar salt. When
the space between any two disks, LI/ L", &e.,
is made small, we extend underneath said
plates, and close to them, diaphragms ¥, of
heavy felt. This is an improved construction
of battery for which our before-mentioned Let-

ters Patent, of even date herewith,are granted.
© When the battery is subject to motion after
or during charging—as, for example, in ships
or cars—we fill the spaces between the plates
with sand, broken pumice-stone, sawdust, or
the like.

The new feature of the construction of the
storage-battery, Fig. 2, consists in making the
lower plate of one of theeells or divisions serve
at the same time as an upper plate for the next
Jower cell or division in the series.

On connecting the lowest plate in the series

“with the positive terminal of a dynamo-elec-
tric machine, and the upper plate with the
negative terminal, metallie zine is, daring the
ranning of said machine, deposited on the un-
der surfaces of the copper plates, except the
lowest, and copper sulphate formed on the up-
per surfaces of said disks, except the upper-
most. When this action has been carried on
for a safficient length of time the series of
cells is charged, and then becomes a compact
though powerful source of electrical current,
the work of which may be recovered in the va-
rious forms of light, heat, mechanical motion,
&e.

By combining a number of series, H’ I* H?
4, Fig. 4, either alongside of or one above
another, the operation of charging by the dy-

“namo-electric machine can be effected contem-
poraneously with the discharge of the battery
through its terminals ¥’ @. In this case, at
regular intervals in the series of cells, con-
ducting-wires extend from the copper plates,

the free extremities of which conducting-wires
are placed in line upon an insulating support,
and the terminals b 4 of the dynamo-electric
machine, used for charging, are necessarily
brought into contact with consecutive pairs of
said terminals. The contact being effected, as .
shown in Fig. 4, between the terminal b of the
dynamo-clectric machine and Lof the battery,
and between @ and II likewise, the current of
the dynamo-clectric machine passes npward
throngh the section or series I/, thereby ef-
fecting those changes which we characterize
as charging said section, and. this charging
operation is effected, moreover, withont inter-
fering with the strength of current being given
out by the battery, for although the seetion I
ig not farnishing current, yet this deficiency
is made up by the branching which ocecurs
from the cireuit of the dynamo-electric ma:
chine through the remaining sections that are
active in generating current. Thus, while the
section that is being eharged is practically re-
moved from action, yet its absence does not
cause a decrease in the available current
yielded by the battery. The charging oper-
ation is repeated for each of the sections 1/
2 H? I by simply changing the position of
the terminals b d of the dynamo-electric ma-
chine. '
Since by the method of charging above de-
seribed but one portion of a series of cells nn- -
dergoes the operation at one time, the electro-
motive force generated by the complete series
may be very much in excess of that which the
dynamo electric machine itself could produce.
By this means we increase the light-producing
capacity of any dynamo-clectric machine, whicl

“may be run daring the time that the light is

not needed to partially charge the seetions H’
H2 11? HY, &e., and may continue to be run
during the use of said sections to prolong the
duaration of the charge.

The storage-battery B, Fig. 5, may, after the
passage of the current of a dynamo-electric
machine, be employed to furnish current either
by itself or in conjunction with said machine.
In the latter case the current of the machine,
after having been made to traverse the bat-
tery B for charging it, is reversed by a com-
mutator, X, and a light source or other work-
ing resistance introdnced into the circuit at ¢,
In this case the machine and battery intensify
the effect of each other, and render possible
the working through a higher resistance, as
at ¢, than either alone could work through sue-
cessfully. ‘

Fig. 6 represents the construction of the
switeh C, Fig. 1, where P is attached to an
arm pivoted at O, and the plates 1 23 4 5,
Tig. 1, are arranged, asin Figs. 6 and 7, around
the are of a circle concentrie with O.

The set of plates 6, 7, 8, 9, and 10, Fig. 1,
arc arranged parallel to 1 2 3 4 5, Tigs. 6 and
7, separated from them by a slot, through
which the arm carrying the sliding piece P,
Fig. 7, passes. The vesistance-coils » +/ # s
s’ ¢/ ave placed below, as shown.



The clectro-magnet D and its armature N,
Fig. 1, are arranged as shown in Fig. 6, the
armature being connected to the arm carrying
the sliding piece P, so that when P is brought
into contact with the pieces 5 and 10, Fig. 1,
the armature N and magnet D hold it in that
position. If, however, the current cireulating
through the coils of the maguet D becomes
weakened, its armature N is released and the
arm Z is moved by a spring, S, so as to bring
the sliding picce P into eontact with the pieces
Land 6, Fig. 1, performing in this manner the
funetions of the circuit-opener described in con-
nection with D and 7/, Fig. 1.

Having deseribed our invention, we claim
as new and wish to secure by Letters Patent
of the United States—

1. In a system of electrical storage, the

“lercinbefore-described method of bringing a
dynamo-electric machine into cirenit with a
storage-battery, consisting 1in, first, bringing
said machine to its normal condition of work-
ing by the interposition in its circuit of a re-
sistance, R, and, secondly, in afterward trans-
ferring the current of the machine to the cir-
cuit of a storage-battery, substantially as set
forth.

2. In a system of electrical storage, the
combination of a normal working resistance,
R, and a storage-battery, B3, in the manuner de-
scribed, a gradual transfer of the carrent de-
veloped by a dynamo electric machine from
the working resistance R to the civeunit of a
storage-battery, 13, being effected by the sue-
cessive addition to the resistance R of gradu-
ated resistances » #/ 2 and simultaneous sue-
cessive removals from the circeuit of a stor-
age-battery of, gradunated resistances s s s/,
substantially as set forth.

3. In a system of electrical storage, the
combination of a normal working resistance,
R, and a storage-battery, B, in the manner
described, a gradual transfer of the current
developed by a dynamo-electric machine from
the eircuit of a storage-battery to the working
resistance R being effected by the successive
introduction into the circuit of a storage-bat-
tery of graduated resistances s ¢ s and the

simaltaneous removal of graduated resistances
£/ from that branch of the civenit in which
the resistance R is included, substantially as
set forth.

4. In a system of electrical storage, for the
purpose of preventing injury due to the dis-
charge of a storage-battery, BB, through a dy-
namo-electric machine on the weakening of
the earrent-producing power of the latter from
any cause, the combination of the electro-mag-
net D, placed in the common cireuit of said
machine and battery, with the sliding picee
P, connected to the armature N of said electro-
magnet, the whole being arranged to operate
substantially a§ deseribed.

5. In a system of electrical storage, a slor-
age battery or reservoir consisting, substan-
tially, of a serics of metallie plates, I I/ 1./,
&e., placed one above another, and separated
from one another by insulating material, W WV,
made in the form of rings or of other suitable
figure, so that cellular spaces are provided
between caclt pair of said plates Ih I/ LY, &,
for the introduction of a decomposable lignid
substance,substantially asspeeified, and (or the
puarposes set forth,

6. In a system of electrical storage, the
method hereinbefore deseribed of charging a
storage-battery at the same time that said
battery is furnishing an electrical eurrent, or of
equally charging said battery by a dynamo-
electric machine whose electro-motive power
is less than that yielded by the battery when
charged, consisting in- the division of said
battery into sections 1I’ T12 IT?, each of which
seetions is separately charged by the passage
of the ecnrrent from a dynamo-clectric machine,
and which sections actin conjunction with one
another in furnishing current, substantially
as sct forth.

In testimony whereof we have hereto sub-
seribed our names.

ELIIU TIHHOMSON.
EDWIN J. HOUSTONXN.
Witnesses:
J. P. CHEYXNEY,
8. CIIADWICK.




