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Lo all whom it may concern:

Be it known that we, BLimru THOMSON and
Epwin J. Housron, both of the city and
county of Philadelphia, and State of Pennsyl-
vania, have invented a certain Process and
Apparatus for the Storage of Llectricity, of
which the following is a full, clear, and exact
deseription; and we do hereby declare that
the same is a full, clear, and exact description
of our said invention, which will enable any
person skilled in the art to which our inven-
tion pertains to use, make, and practice the
same, reference being had to the accom pany-
Ing drawings, and to the letters of referenee
marked thereon,

The objects of our invention are to provide
@ nmicans for storing electricity developed by
dynamo-eclectrie 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
meaus to msure 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 wonld
otherwise result; to provide means for charg-

ing the storage-battery while said battery is.

furnishing corrent, and also to provide means,
by the combination of a dynamo-electric ma-
chine and storage-battery, for procuring an
clectro-motive force greatly in excess of that
which the machine alone is capable of Pro-
duecing, |

The object of our invention may be stated,
gencerally, to be to so employ a dynamo-elee-
tric machine under circumstabees where the
power used to drive the machine is intermit-
tent or subject to fluctiiations as to obtain an
electrical current suitable. to the performance
of work requiring such current to Le uninter-
rupted, or of nearly constant electro-motive
toree., -

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 durin o
the day, the electricity from which is made, as
provided by our invention, to charge storage-

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

In railroad-engineering a dynamo-cleetric
machine 1s similarly run 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 the head-light or other illuminat-
ing device, tor electric-signal apparatus, 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 mvention, 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-
raptions the illuminating power of the elee-
tric lamps employed therein.

Ourinvention is also applicable to the opera-
tion of dynamo-electric machines in conjunec-
tion with systems of telegraphic s1gnaling.

In our system we employ a dynamo-clectric
machiue in connection 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 commutators, to be here-
nafter described.

We have found it necessary in charging a
storage-battery by means of a dynamo-clectrie
machine to bring said machine to its full nor-
mal condition as to developing current before
making attachment to said storage-Dbattery,
since otherwise, should such storage-battery
possess slight residuaal current-producing pow-
er, the slight magnetism of the dynamo-elee-
triec machine would be reversed, and the cur-
rent obtamned therefrom caused to flow in a
direction contrary to that desired in the charg-
ing, or otherwise to defeat the object in view.,
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We also find 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 ferminals are trans-
ferred to the circuit of the storage-battery.
If, 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 magnetism, giving its armatare rotation
in the opposite direction, and apon once more
oiying it motion in the proper direction the
“current, becoming the reverse ot that required
to charge the Dbattery, would undo the work
already accomplished in-said charging. These
andotherdisadvantagesarcovercome by meaus
of our invention. | |

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

Iigure 1 is an extended view ol our com-
plete apparatus. Tig. 2 1s a section of the
storage-battery. Tig. 3 is an end view of the
same, one of the end plates being removed.
Ties. 4 and 5 are exterior views of storage-
batteries, showing special applications there-
to, as heremafter described. TFigs. 6 and 7

are, respectively, a side and an end view of

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

A represents a dynamo-electric machine; b,
a storage-battery; C, the switch and resist-
ance; R, an clectrical 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. A safety
cireuit-opener, D, is also provided, the func-
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 € to the ma-
chine A and to the battery B, as shown.

The switeh C consists, essentially, of a mova-
ble Tib 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, as shown at b 0
b, but is branched through the resistance R
at C. | |

Metallic contact-plates1 2 3 4 5, of any con-
venient number, are provided. Tlate 1 is at-
tached to that extremity of the resistance Ik
not attached to the wire b 0D at ¢, and also
through a resistance-coil, #, to a second plate,
2, and this latter through a resistance, 17, to

I plate 3, plate o to plate 4 through !, while

the last two—rviz., 4 and 5—are insalated from
each other,

The terminal d d of the bgttery B has at-
tached to it, in like manner, a set of conduct-
ing-plates, 7, 8,9, and 10, and resistances s, 87,
and s/, arranged in the inverse order to 1, 2,
3, 4, and 5, 10 being attached to d d and to 9,
3, and 7 through resistance-coils s/, 7, and s,
while 6 and 7 are insulated from each other.

Plates 5 and 6 may be omitted when so de-
sived.

To secure the best results, the resistances 7
# 1 should be made unequal, » being less that
o/, and 2’ less than ¢/, and shounld, together,
be several times that of R,  Simtlarly, the re-
sistances s/, &/, and s should increase 1n the
order named.

If the metallic rib P be placed so that its
extremities rest on the plates Iand 6, the bat-
tery B is cut out of the ecircuit of the machine
A, and the resistance I} 1s inserted. 1T'his po-
sition is given to the switeh on starting the
machine A, and the current it develops
reaches that strength normal to it in passing
through the resistance R, and thus the POSSI-
bility of damage resulting from CNCESSLVEe enr-
rent and from the excessive strain on the mo-
tive power, which would occur were the resist-
ance R not employed, is avoided. The rib I’
is 110w moved so as to come into contact suc-
cessively with the plates 2 and 7, with S and
3, with 4 and 9, and, finally, with & and 10,
At this moment the resistance 1318 completely
removed from the cireuit 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, 80 also
any burning of contaets in the switch C has
been avoided. The necessity of these precau-
tions in operating arises from the fact of the
oreat intensity of the current flowing and the
length of conductor through which 16 passes.
1f, while the rib P is in contact with the

plate 10, any accidental stoppage of the mas-

chine A should oceur, as from the breaking or
slipping of the belt, the battery B then dis-
charges itself througl the machine A, giving
it motion and reversing its magnets. |
To avoid such a discharge of the battery
B, and consequentinjury to the machine A, an
automatic cireuit-opeuner, D, Ifig. 1, isprovided,
consisting of an electro-magnet whose coils
are in the circuit of the machine, and the mo-
tion of whose armature N toward the magnet
D closes the circuit ¢ @ by bringing 1nto coi-
tact the condueting-points £/, Aspring1s pro-
vided, so that on the weakening, by any cause,
of the currents developed Ly the machine, the
armatare of the electro-magnet D is released
and the civeuit broken at f /. When desired,
the armature N of the maguet D, instead of
breaking the cireunit of « @ at / f, moves 1n-
stead, when actuated by a spring, the sliding
piece P of the switch U, so as 1o cause sald

| sliding piece T to rest in contact with plates
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1 and 6, and thus remove the battery B from | the free extremities of which conducting-wires

‘the circuit of .the machine A. This modifica-
tion of parts is hereinafter described 1n con-
nection with Ifigs. 6 and 7.

When the storage-battery B is partrally or
wholly charged, and it is desired to stop the
machine A, the sliding rib P is moved 1nto
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 cireuits.

In order to secure compactiiess and simplic-
ity of the storage-battery, we preter to con-
struct it as follows: A series of disks or plates,
L L/ I, Fig. 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 are thus piled alternately and
bolted firmly together between plates Ii 1i, as
shown. The spaces between the copper disks
L I/ 1", &e., are filled with a saturated solu-
tion of zine sulphate, or similar salt. When
the space between any two disks, L L/ L, &e.,
is made small, we extend underneath said
plates, and close to them, diaphragms I, of
heavy felt. This is an improved construction
of hattery 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 lilke.

The new feature of the construction of the
storage-battery, Fig. 2, consists in making the
lower plate of one of thecells 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, metallic zine 1s, during the
ranning of said machine, deposited on the un-
der surfaces of the cepper 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 sufficient 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’ H* H’
T4, 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 o' d’. In this case, at

regular intervals in the series of cells, con-
ducting-wires extend from the copper plates,

are placed in line upon an insulating support,
and the terminals b d 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 Iig. 4, between the terminal b of the
dynamo-electric machine and Lof the battery,
and between d and II likewise, the current of
the dynamo-clectric machine passes upward
throngh the section or series LI, thereby et-
fecting those changes which we characterize
as charging said section, and. this charging
operation is effected, moreover, without inter-

fering with the strength of current being given

out by the battery, for although the section H’
is not furnishing eurrent, yet this deficiency
is made up by the branching wiich occurs
from the circult of the dynamo-electric ma-
chine through the remaining sections that are
active in generating current. Thus, while the
section that is being charged is practically re-
moved from action, yet its absence does not
cause a decrease in the available current
yvielded by the battery. The charging oper-
ation is repeated for each of the sections 1
2 [1° I by simply changing tbe position of
the terminals & d of the dynamo-electric ma-
chine. |
Since by the method of charging above de-
seribed but one portion of a series of cells un-
dergoes the operation at one time, the electro-
motive force eenerated by the complete series
may be very much in excess of that which the
dynamo electric machine itsell could produce.
By this means we increase the light-producing
capacity of any dynamo-eclectric machine, which

‘may be run duaring the time that the light 1s

not needed to partially charge the sections 1’
2 1Y, &e., and may continue to be run
during the use of said sections to prolong the
duration of the charge.

The storage-battery B, Ifig. 5, may, atter the
passage of the current of a dynamo-electric
machine, be employed to furnish current etther
by itself or in conjunction with said macine.
In the latter case the current of tie 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 introduced into the circuit at ¢.
In this case the machine and battery inteunsify
the effect of each other, and render possible
the working through a higher resistance, as
at ¢, than either alone could work through sue-
cessfully. 1_ |

Fig. 6 represents the construction of the
switch C, Fig. 1, where I is attached to an
arm pivoted at O, and the plates 1 23 4 5,
Fig. 1, are arranged, as in I'igs. 6 and 7, around
the arc of a cirele concentric with O.

The set of plates 6, 7, 8§, 9, and 10, Kig. 1,
arc arranged parallel to 1 2 3 4 5, IFigs. 6 and
7, separated from them by a slot, through
which the arm carrying the sliding piece P,
Fig. 7, passes. The resistance-coils » ¢ ' s
s’ §'* ave placed below, as shown,
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The clectro-magnet D and its armature N,
Ifig. 1, are aumwul as shown in Ifig. 6, the
a lmture beinge comlected to the arm CcLl"l}]ll“
the shding 1}1{3@0 I?, so that when P is brought
into contact with the pieces S5 and 10, I‘m 1,
the armature N and magnet D hold it in ﬂnt
position. If, however, the current cirenlating
through the coils of the magnet D becomes
weakeoed, 1its armature N is released and the
arm Z 1s moved LY a spring, 5, 80 as to bring
the sliding picce P into contact with the pieces
Land 6, Iig. 1, performing in this manner the
[1111(*‘(1011% ofth(, circuit-openerdescribedin con-
~nection with D and 7/, Fig. 1.

Having described our mvention, we claim
as new and wish to secure by Lette Patent
of the United States—

Lo In a system of electrical storage, the
hercinbelore-deseribed method of bringing a
(dynamo-electric machine into cirenit Wlt]l aQ
storage-battery, consisting in, first, bringing
said machine to its normal (,oudltlou of wmh-
g by tllo Interposition in its circuit of a re-
sistance, It
ferring the current of the machine to the cir-
cuit of 2 storage-battery, substantially as set
forth.

2. In a system of electrical storage, the
cambnntmn of a normal v 01111110 re 51:5&111%

v, and a storage-battery, I3, in the manner de-
seribed, a ﬂmdml ‘umm[u of the cuarrent de-
veloped by a dynamo electric machine from
the working resistance R to the cirenit of a
storage- bglttel,}? B, being effected by the suc-
cessive addition t L() the 1@518&11106 R of oradu-
ated resistances » 9 2/ and l31111111mneuf:)us-, SUC-
cessive removals from the cireuit of a s‘[or
age-battery of gradnated resistances s s s,
Mlb&tfmtmlly a8 xet forth.

o. I a system of electrical storage, the
combination of a normal working resistance,
R, and a storage-battery, B, in the mauner
desceribed, a nmdual thmblw of the current
developed bv a dynamo-electric machine from
the circuit of a storage-battery to the working
resistance IR being effected by the successive
Imtroduction into th(, circult of a storage-bat-
tery of graduated resistances s s’ s/ and the

t, and, secondly, in afterward trans-

0,
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simultaneous removal of graduated resistances
r " from that branch of the c¢irenit 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 Lhe (15s-
charge of a storage-battery, I3, through a dy-
namo-clectrie nm(*lnne on the we Lh{,n_n_}g of
the current-producing power of the latter from
any cause, the emubmatlon of the electro-mag-
net D, 1}1100(1 in the common circuit of said
nm(,hme and battery, with the sliding picee
P, connected to the fumauuc N of said electro-
m.:wm:t the whole being arraneed to operate
subslantm]h 0S deseubed

9. In a system of electrical storage, a stor-
aoe bctttely Ol I'CSeI'VOoIr COllblH{]Il“, hllb%[ﬂll-
tmlly, of a series of metallie ])Lmtm L L/ 12,
&e., placed one above another, and sep: rated
from one another by insulating materral, W AV,
made in the form of r'ings or 0[ other blll[dhl(‘
figure, so that cellalar spaces are provided
bebw een cach pair of said plates 1. I/ 177, &e.,
for the introdaction of a decomposable hqmd
substance,sabstantially asspecified, and forthe
puarposes set forth.

0. In a system of electrical storage, the
method hereinbefore deseribed of (.,]1{11'-11111':1 A
storage-battery at the same time llmt said
battery is furnishing an electrical current, or of
equally charging said battery by a dnmmo
electrie nnulnue whose electro-motive power
15 less than that ylelded by the battery when
charged, consisting in- the division of said
battery into sections 1LY I1? H?, each of whieh
seetions is separately charged by the passage
of the cuarrent from a dynamo-clectric 111&@11111(
and which sections actin conmm tion with one
another in furnishing current, sabstantially
as set forth.

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

KLU THOMSON.,
EDWIN J. DOUSTONX.
Witnesses:
J. P, CHEYNEY,
S, CIIADWICK.,
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