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To all whom it may concern: ,

Be it known that I, MaUrIcE LEVY, of
Paris, in the Republic of France, have invent-
ed a new and useful Tmprovement in Switches
and other Apparatus for Controlling the Cur-
rent in Tlectrical Systems, which improve-
ment is fully set forth in the following specifi-
cation. :

"This invention has reference to & new con-
struction of switches or communicators for
connecting and disconnecting electrical cir-
cuits; also, to a new arrangement of eleetri-
cal generators or resistances or other electri-
cal apparatus; also, to a new construction of
resistance-coils, and to a new combination of
switches and generators with an electrical gov-
ernor or current-regulator.

The improved switeh or commutator com-
prizes a series of switeh-plates and a series of
springs or contact devices so arranged and
combined with insulators that by the move-
ment of the switch-plates under the springs or
contact deviees, or of the latter over the for-
mer, the loops or branches connected with the
several springs or contact devices are alter-
nately connected in and eut out of cirenit, and
the number of loops or branches in eircuit at
the same time is progressively increased by a
series of successive and alternate increments

- and decrements, or is decreased in like man-

ner.

The new arrangement of generators, resist-
ances, or other electrical apparabus consists in
dividing a of series such apparatus into groups,
sets, or individuals, which inerease through-
out the series in a certain ratio, either in their
number or in their clectro-motive force, re-
sistance, capacity, or some other unit. Thus
if the apparatus be galvanic batteries and the
series is based npon number, the first group
would contain one or more cells, the second
double the number, the third double the sec-
ond or four times the first, and so on. If the
series is based on electro-motive force, the
generators of cach group or set, or each indi-
vidual generator, would be of a number of
volts, say, double the preceding and half that
of the succeeding group, set, orindividnal, If
the series De based on resistance, then the

number of ohms would, inthe suceessive indi-
vidual resistances or sets of resistances, in-
crease in a similar ratio. This arrangement
in a geometrieal ratio of twois that preferred,
and is itself a part of theinvention; but other
ratios—arithmetical, geometrical, or partly
one and partly the other—may be adopted.
The generators, resistances, and other appa-
ratus are combined with a switech or commu-
tator, such as first deseribed, for connecting
in and cutting out the different groups, sets,
or individuals in the proper order. Thus if
the arrangement be a geometricratio of two,
the switeh or commutator would (moving in
one direction) successively connectin the first
group, set, or individual, then cut outthefirst
and connect in the second, then connect in the
second with the first, then cut out both and
connect in the third, and so on, so that there

would be a regular and progressive increase

in the number of cells or other apparatus in
cirecuit in their electro-motive force, resist-
ance, or other property, by adding at each
change a given quantity to the preceding.
By moving the switeh or commutator in the
reverse direction, therewould be a regular de-
crease instead of an increase.

The improvement in switches or commnu-
tators also consists in a combination or ar-
rangement of devices whereby the generators
or other apparatus, when cut out of one cir-
cuit, are automatically connected in another.
These switches are particularly advantageous
in systems employing secondary batteries,
they being used to transfer the batteries from
the charging to the working cireuit, or vice
versa, according to the exigencies of the ocea-
sion.

Thenew construction of resistance-coils con-
sists in making them of fine wire and placing
them in a vacuuni.

The new combination of switches, gener-
ators, and electric governors or current-regu-
lators will be hercinafter set forth, asalso cer-
tain particular constructions and combina-
tions of parts in the different apparatus, which
also form part of this invention.

In the accompanying  drawings, Figures 1,
2, 3, 4, 5, and 6 show in detail the construc-
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tion and operation of different forms of the
improved switches or commutators, together
with the new arrangement of cells and resist-
ance-coils; and Tigs. 7 and 8 are diagrams
illustrating the combination of these switches
with cireuits, a generator or generators, and
an automatic governor er current-regulator.
Fig. 1 illustrates a switch or commutator,
and an arrangement of galvanic cells, whereby
any number of cells from one tothe whole num-

. ber connected with the switch or commutator

I5

may be ineluded in an exterior cirenit. A%
B C* D*is the development on a plane sur-
face of the cylindrical switch or commutator.
The body of the switch or commutator is of

.wood or equivalent non-conducting material;

and it is covered with plates a, of copper or

- other conducting material, except the shaded
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portions b, which therefore represent non-con-
ducting surfaces. The copper is covered on
the dotted portions ¢ with a coating of insu-
lating material, but otherwise is bare. ' The
heavy lines indicate spaces between the cop-
per plates, which ave filled with insulating ma-
terial, The numerals 1 2 4 8 indicate groups
of cells connected in tension and in number
corresponding to the nwmerals thereon. The
poles of each group are connected with springs
« », which bear against the surface of the
switeh or commutator. The latter, it will be
seen, is divided longitudinally, according
to the number -of cells, and circumferential-
ly according to the number of the groups.
The springs y are connected with the exterior
circuit. In the position shown all the cells
are connected in tension. If theswitech or com-
mutator be moved in the direction of the ar-

- row thereon, the number of cells in circuit will
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be successively diminished by one until finally
all are ent out. The first step cuts out group
1, the springs « of that group then resting

- upon insulating material ¢, leaving 2, 4, and
8 (equal to.fourteen cells)in circuit. The next
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step cuts out group 2, but restores group 1,
making_thirteen cells in cirenit. The next
step again cuts out group 1, leaving twelve
cellsin circuit. The fourthstep cuts out group
4, but restores groups 1 and 2, leaving eleven
cells in circuit, and so the operation proceeds.
By properly placing theswitch or commutator
any desired number of cells may be included
in the exterior circuit. The commutator may
be moved by hand or automatically by a suit-
able regulator. The number of groups and
the number of cells may be indefinitely in-
creased. This arrangement is designed for
connecting cells in tension, and therefore the
cells of theseveral groups have been described
as connected in tension, but the cells of each
group could be connected in quantity, and the
groups then connected in tension. -

Fig. 2illustrates an arrangement for connect-

. ing any desired number of cellsin quantity or
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multiple are. As before, there are groups of
one, two, four, and eight cells; but now the cells
of each group are supposed to be themselves

connected in quantity instead of tension. The
switch or commutator A B* C* D*, ag before,
ismade of wood, covered with copper ¢, which
is itself in places covered by insulating mate-
rial ¢. Thecopper strips, which extend around
the switch or commutator, comprise two end
strips, against which the springs y y bear, and
intermediate strips, (twoto each group of cells,)
against which the springs « bear. The inter-
mediate strips are connected alternately with
the two end strips by conductors «' ¥, let into
the wood. Thus all the positive poles of the
cellsare connected with one end strip, and all
the negative poles with the other end strip,
except, of course, where the said. cells are cnt
out by the interposition of the insulating ma-
terial ¢ on the copper strips between the latter
and the springs  when the polesare connected
with neither. The number of cells connected
in quantity or derivation depends upon the
position of the switech or commutator. As
shown, the fifteen cells are incircuit. By turn-
ing the switch or commutator in the direction
of the arrow, the number is reduced one cell
at a time until all are cut out. The cellsmay
be of primary or secondary battery; or other
generators of electricity may be connected with
the switch or eommutator. When secondary
‘batteries are employed, it is desirable that the

cells, except when in use for discharging, be "

placed in a charging or regenerating cirenit.
Switches or commutators for connecting any
desired number of cells in the working-ecircuit,
and for placing them in a charging - circuit
when cut out of the former, are shown in Figs.
3, 4, and 5. Three cases present themselves:
first, when the groups of all the cells are con-
nected in quantity in both circuits; second,
when they are connected in quantity in one
circuit and in tension in the other, and, third,
when they are connected in tension in both.
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The cells composing the groups may, besides,

be themselves connected either in tension or
quantity. Fig. 3 illustrates the switch or com-

mutator for use in the first case. The wooden

base is covered with circumferential strips of
copper d d',eée, ff',g ¢. These strips are

connected by conductors & ' 44, let into the

wood, and arranged as shown at the top of the
figure, but are otherwise insulated from each
other. There are two pair of strips, ff’ and
g ¢, to each group of cells, and two pair of
end strips, d &’ and e ¢.  The end strips, d &
e ¢, are simply placed side by side, and they
are -in continuous electrical connection, the
one pair, d &', with the poles of one circuit-—
say the charging or regenerating cireuit—

-through the springs R, and the other pair, e¢,

with the poles of the other (or working-cir-
cuit) throngh the springs T. Of the interme-
diate strips, one strip of each pair £ f” is inter-
locked with a strip of a corresponding pair,
g ¢, so that the spring « alternately makes
contact with the one or the other. The strips

J are all connected with the end strip d by
the wires %, the strips f” with the end strips
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d’ Dby the wires ¥, the strips g with the end
strip e by the wires 4, and the strips ¢ with
the end strip ¢ by the wires 4. The result
is in substance as follows: The strips f are in
constant electrical connection with one—say
the positive-—pole of the charging or regener-
ating cireuit, and are connected w1bh or dis-
conuected from the pole of like name (or posi-
tive pole) of the several groups of cells, ac-
cording to the position of the switch or com-
mut‘ltm. The strips f“ are in constant elec-
trical connection with the opposite or nega-
tive pole of the same (charging or regener-
ating) cireunit, and are connected with or dis-
connected from the pole of like name (or
negative pole) of the several groups of cells.
The strips ¢ ¢ are in like manner the one set
in constant electrical connection with the
positive pele of the working-cireuit, and, as
occasion may require, in connection with the
positive poles of the several groups of cells,
and the other set in constant electrical connee-
tion with the negative pole of the working-

© cirenit, and in connection, as occasion may

35

40

50

require, with the negative poles of the several
groups of cells. The interlocking strips are
so arranged that the number of cells in cireuit
increase or decrease progressively as the com-
mutator is turned in one direction or another.
As the cells are disconnected from the cireuit,
they are commected in with the other circuit,
so that each cell is either charging or dis-
charging.

If the groups of cells are to he connected in
one circuit—say the working-circuit—in ten-
sion and in the other (or charging-eircuit) in
quantity, the arrangement shown in F]O 4 is
adopted. The “qmmhm -strips’’ ¢ ¢ are con-
structed as in Fig. 3, and are eonneoted by the
wires & A’ with the endstrips d . The place
of the strips f /' is supplied by the plates Z,
which are placed bet\\ een lateral projections
on the strips ¢ ¢/, and are connected by the
wires / with the end strips e ¢’ or with each
other, so that the groups of cells in the work-
ing-circuit at any one time are connected in
tension. It is obvious that if it be desired to
have the groups of cells in tension in the
charging-cireuit and in guantity in the work-
ing-circuit, it would only be necessary to
change the connection of the poles of the cir-
cuits with the springs R and T.

If the groups of cells are to be connected in
tension in both cireuits, the switeh or commu-
tator shown in Fig. sisused. Its bodyiscov-

- ered with the copper plates m %, which are con-
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nected by wires p and ¢, but are otherwise in-
sulated from one another. The plates m are
so joined that the cells in electrical connection
therewith are in one circuit through the con-
tact of springs x and R. Theplatesn, on the
other hand, establish the connection of the
cells with the other-circuit through the springs
z and T, The operation is obvious from in-
spection of the drawings.

Instead of connecting in a circuit cells of

battery or other generators of electricity, the
switeh or commutator can-be nsed to connect
in resistances. These could be substituted
without change for the cells in connection with
the switeh or commutator, Fig. 1; but since
the short-circuiting of the 1e81sbance is not at-
tended with any dlS"Ld antages—such as loss
of energy by the short-circuiting of a galvanic
battery—the insulating material ¢ on the cop-
per strips in Fig. 1 may be omitted, the con-
struetion and combination being then asshown
in Fig. 6. -

It is obvious by this apparatus very great
changes can be made in the resistance. For ex-
ample ifnecessary, the resistance may be grad-
nated as well Dy thousandths or hundredths of
an ohm as by ohms, and may be varied from
a hundred ohms to a hundredth of an ohm;
but in order that the apparatus may be prac-
tically used to the best effect, it is desirable to
obtain in a small compass very great resist-
ances, or resistances graduated by very small
quantities. T or this purpose very fine wires
placed i a vacuam are employed. Thus in
a very small box in which a vacuum can be
maintained light resistance-coils of fine plati-
num wire having a resistance, respectively, of

2, 4,8, 16, 32, 64, and 128 ohms, and by the
improved commutator, a resistance graduated
by ohms can be obtained—ifrom one ohm to two
hundred and fifty-five ohms,

An analogous system of resistances placed
in the air md eraduated by hundredths of an
ohm, and eomposed of six resistances, can be
used in combination with the foregoing, and
thus a resistance graduated by hundredths of
an ohm can be obtained—Tom one hundredth
up to two hundred and {ifty-five olims.

In Tig. 7 a secondary - battery system is
shown. A is the switch or commutator, of
either of the forms shown in Figs. 4 and 5.

2, 4, and 8 are the groups of secondary-bat-
tery cells; x, the contact-springs connected
with the poles of the groups; Ib T, the poles
of the charging and working cireuit, respect-
ively; B, a dynamo-electric macehine of ordi-
nary construction in the charging-ecirenit, and
Can electric regulator in the working-cireuit,
in which are also represented a number of
lights. The electric regulator shown consists
Of two motors having then armatures mount-
ed on the same shaft and arranged to act in
opposition. One motor is enolpl/ed by a bat-
tery inalocal cireuit, and the other by aportion
of the current {rom the working-ecirenit. The
motor-shaft is geared or otherwise connected
with the shatt of the switch or commutator A.
The strength of the motors and the connection
with the switeh or commutator is such that
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when a current of normal strength is on the -
working-cireuit the motor excited thereby is
just balanced by the other; but when said cur-
rent rises above the normal it overcomes the
resistance of the other and revolves the switch
or commutator in the direetion required to cut
out the battery-cells, and when it falls below
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the normal the counterbalancing motor has
the greatest power and revolves the switch or
commutator in the opposite direction. ‘When,
therefore, the current is normal, thearmatures
of both motors are stationary, belno in equi-
librium, and any deviation thelefrom is cor-

rected by a transfer of cells from the charging
to the working circuit, or vice versa. The
operation would be the same if primary cells
or other generators were used instead of sec-
ondary lntteues but in such casethere would
beno need of the (,harglng cireuit, and it could
be omitted. Theswitch might then besuchas
shown in, Fig. 1. The W01kino circuit shown
has the lights or translating devmes in series.
Therefme a switch or commutator which will
connect the cells in series is employed. If the
translating devices be connected in derivation,
the switch for varying the number of cells in
derivation, as shown in Fig. 3, may be used, or,

if there be no charging- cu'cult that shown in
Fig. 2 would be employed. The regulator
would also be excited ina derivation or b1 anch.

In Fig. 8 the dynamo-electric machine B
supphes directly the working-cireuit, and is
excited in a derivation of szud cireuit, which
includes the switch or commutator A being
connected with the contact-springs y. A se-
ries of resistance-coils, 1 2 4 8, are connected
with the springs « of the switch or commuta-
tor, as deseribed with reference to Fig. 6.
The regulator C is connected with the main
cireuit and operates the switch or commuta-
tor to cut out.the resistance-coils, and thus in-
creasesthe current in thefield-coils of the dy-
namo when the current on the main eirenit
falls below the normal, and to conneet in the
resistance-coils and diminish the current ex-
citing the dynamo when the current on the
main line riSes above the normal.

The regulator C, as shown, is descrlbed in
Letters Patent of the United States No.
273,291, granted to me on the 6th day of March,
1883. The other regulators shown in said
patent could be used instead of if, if desired;
or other regulators of ordinary or suitable
construction adapted to operate the improved
switches or commutators could be used.

The regulators of the improved type de- [*
seribed in my aforesaid patent, and exempli-
fied by the regulator C, are therein shown
combined with The motor for driving the dy-
namo-electric machine or machines and oper-
ating to control the supply of fluid to said
motor They are herein shown as applied to
the operation of aswitch or commutator, and

" it is obvious that they could be used to oper-

60

ate switches or commutators of any known
or suitable construction. This combination

of the regulators of the type illustrated by
regulator C with switches or commutators gen-
erally controlling a cireuit, as also the combi-
nation of the improved switehes or commu-
tators with electric regunlators generally, is in-
cluded in this mventlon as well asthe specific
combination of the 1mp10ved switches or com-

mutator with the regulators of the counter-
balanced motor type.

Tt is obvious that the improved switches or
commutators, and the arrangement of cells,
resistances, or other apparatus as desembed
as well as the combination just indicated, are
capable of a very large number of applica-

Figs. 7 and 8.

Havm«r now fully deseribed my said inven-
tion and the manner of carrying the same into
effect, what I claim is—

1 A switch or commutator comprlsmfr a
series of switch-plates, combined with a series
of springs or contact .devices, .and arranged,
substantially as described, so that a progress-
ive movement of said switch or commutator
increases or decreases the number of loops or
branches in circuit by successive and alter-
nate additions and subtractions, the additions
exceeding the subtractions when the switch
is moved in one direction and being exceeded
by them when moved in the 0pp0s1te dlrec-
tion, as seb forth.

2. The series of eleetrical apparatus—such
as galvanie cells, resistances, or the like—di-
vided into groups, sets, orindividuals increas-
ing in the geometric ratio of two, in combina-
tion with a switch or commutator for connect-
ing and disconnecting said apparatus, as de-
scribed, so as to increase or decrease the ap-
paratus in circuit in arithmetieal ratio, accord-
ing to the direction in which the -switch or
commumtor is moved, as set forth.

The combination of the series of electric
apparatus——such asgalvanic cells, resistances,
or the like—divided into groups, sets, or indi-
viduals increasing in.geometrie ratio, with the
switeh or commutator for connecting and -dis-
connecting said apparatus, so as to increase
or decrease in arithmetical ratio the appa-
ratus in circuit, according to the direction in
which the switch is moved, and an automatic
governor or electric regulator connected with
the said switeh or commutator for operating
the same, substantially as described.

4. The combination, with an electric regu-
lator comprising a motor and countelbalanc-
ing mechanism, of the improved switch or
commutator COIIlDllSlllO‘ a series of switch-
plates and springs or -contact devices, mech-
Tranism for conveying the motion of said motor
to said switech or commmutator, and electrical
connections including the switch in the same
cireuit with said motor, substantially as de-
scribed.

5. The combination, with a switch or com-
mutator for eontrolling an electric current, of
an automatic governor or electric regulator
comprising a motor excited in ecircuit, and
counterbalancing mechanism. applied to the
shaft of said motor for holding the same sta-
tionary in equilibrium so long and so long
only as the current is normal, substantially as
described.

6. The combnntwn of a series of electrlcal

tions other than {llustrated by the diagrams,.
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apparatus d1Vlded into groups, sets, or indi-
viduals increasing in geometric ratlo, a switch
or commutator for connectmo and disconnect-
ingsaid apparatus, soas toincrease or diminish
those in cireuit in arithmetic ratio, and an
automatic governor or electric reg ulator com-
prising a motor and countexb%hnemo mech-
anism applied to the shaft of the motor sub-
stantially as deserlbed

In testimony whereof I have signed this ro

specification in the presence of two subscub
ing witnesses,
MAURICE LEVY.
‘Witnesses:
Eve. DuBarL,
Gusrav Lapor.,



