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To all whom tt may concern:

Be it known that I, JIERMANN OTTO W IL-
HELM JUSTUS BREUL, a subject of the King of
Prussia, German Emperor, residing at the eity
of Berlin, Germany, have invented new and
useful Improvementsin Arrangements forthe
Regulation of the Effective Tensionin Eleetri-
cal Circuits, (forwhich Thave obtained Letters
Patent as follows: in Germany, No. 59,1069,
dated July 12, 1890; in France, No. 210,144,
dated December 11, 1890; in Belgium, No.
93,012, dated December 8, 1890; In Switzer-
land, No. 4,151, dated September 30, 18391, and
in Austria -IHungary, No. 45,991 and No.
78,757, dated September 29, 1891,) of which
the following is a specification.

My invention relates to means for regulat-
ing the effective tension in electrical circults,
its object being to provide regulating mech-
anism for effectively maintaining the tension
or voltage at the consumption-circullt prac-
tically constant, notwithstanding variations
of resistance in the consumption-circuit.

In systems of distribution it 1s customary
to connect the dynamos or sources of current
with the consumption-circuits by means of a
number of feeding conductors or circuits
which extend from the source of current to a
number of points upon the consumption-cir-
cuit. The feeding-conductors are calculated
for a definite per cent. drop in voltage when
working under normal conditions, and as the
resistance of the consumption-circuit or the
several sections thereof supplied by the re-
spective feed-conductors varies some means
must be provided for altering the supplied
electromotive force in accordance with
changes of resistance in the consumption-
cireuits to compensate for changes of per-
centage of drop through the feeding-conduc-
tors, due to the change of resistance in the
consumption-circuit. It isnecessarytomain-
tain the voltage of the consumption-circuit
constant, and as the resistance of the feeding-
conductors does not change any increase of
resistance of the consumption-circuit would
catse an increase of voltage at the point of
connection of the feeding-conductor with the
consumption-circuit, while a decrease of re-

co sistance in the consumption - circuit would

cause a decrease of voltage. It has therefore
been the practice to provide at the central
station, in multiple with the dynamo orsource
of current, a series of storage-batteries,
switches being provided in connection with
each of the feeding-circuits for cutting into
eircuit a greater or less number of batteries

to increase or decrease the impressed electro-

motive force, and thus compensate for the 1n-
creased or decreased loss of voltage through
the feeding - conductors as the resistance
of the consumption-circuits varies. These
switches may be operated either by hand or
by automatic mechanism. Potential or trial
wires are run from the points of connection
of the feeding-conductors with the consump-
tion - eircuits to potential-indicators at the
central station, whereby the attendant may
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observe the potentials at the several points

of connection of the feeding-conductors. Un-
der theoretical conditions the points of con-
nection with the consumption-cireuits of all

of the feeding-conductors would be main-

tained equal; but in practice the impressed
olectromotive force is varied, not continu-

ously but by increment, the cells of the stor-

age-batteries being usually about two volts
each, so that the impressed electromotive
force is always changed by increments of two
volts. It may happen, therefore, that the
potential at the point of connection with the
consumption-circuit of one feeding-conduce-
tor may be greater than the potential at the
point of connection of an adjacent conduec-
tor—not to exceed, of course, two volts—
and in consequence a back current may be
caused to flow through the feeding-conductor
having the lower potential, thus throwing
the cells of battery between the two feeding-
conductors upon a short-cireuit or circuit of
low resistance, which may be traced through
ilhe cells over the two feeding-conductors and
through the portion of the consumption-cir-
cuit between the points of connection of the
feeding - conductors therewith. This has a
tendency to destroy the batteries and Impair
the operation of the system, and it is the ob-
ject of the presentinvention to provide means
for preventing the formation of such a short-

| circuit. If the switch-contact ot the feed-
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ing-conductor having the lower potential be
moved to cut mto 1ts circult another cell, its
potential will be raised sufficiently to prevent
the passage of a back current, and 1n accord-
ance with my invention I provide in each of
the. feeding-conductors a device which re-
sp(md% to a reversal of the current flowing
therein for cuttinginto the circuit of said feed—
ing-conductor an additional cell, thus raising
“he potential suiliciently to pr event the pas-
sage of the back current.

T will desceribe my invention by reference to
the accompanying drawings, in which—

Figure 1is a dia.grmn of circuits, 1llustating
the application of my invention. FKig. 2 18 a
diagram illustrating in detail the circuit ar-
rangements. Iig. 3 1s a view 1n elevation of
the relay included in the feeding-conductors.

Like letters refer to like parts in the sev-
eral figures.

Asgillustrated in Fig. 1, a number of dyna-
mos ¢ «' @ are connected in parallel hetween

the bus-bars a® a, between which bars is also

conhected a series of storage - batteries 0.
Feeding-conductors ¢ « ¢ connect one pole of
the current supply with points ¢’ d' ¢’ of the
consumption-cirecuit, while points ¢* d? ¢® of
the consumption-c¢ircuit are connected by
feed-conductors ¢* d® ¢® with switch-contacts
¢t d* et, which are adapted to be moved into
position to connectinto circulit a greater or less
number of cells of storage-battery 6. Trial-
wires ¢ ¢® extend from points ¢’ ¢* to a poten-
tial-indicator ¢’ at the central station, while
trial-wires d° d” extend from the points d' d*
to the potential-indicator d°, and trial-wires
e’ e° extend from points ¢’ €? to the potential-
indicatore’. 'T'hefeeding-conductorsare cal-
culated for a definite drop in potential, and it
18 evident that if the resistance through the
portion of the consumption-circult supplied
by the feeding-conductors ¢ ¢® be decreased
the potential or voltage at points ¢’ ¢*® will be
decreased, and since for proper operation it
1s necessary that the potential at the points
¢’ ¢ be kept constant it will be necessary to
increase the impressed electromotive force to
increase the voltage at the points ¢’ ¢®. This
drop of potential will be indicated by the
potential-indicator ¢ and the attendant will
move the contact ¢* to the right to cut in a
sulficient number of cells of the battery to in-
crease the 1mpressed electromotive force in
the required degree. .

Instead of operatingswitch-contact ¢* man-
ually 1t may be. operated automatically by
means of mechanism represented diagram-
matically by the device ¢’, and which will be
explained more fully hereinafter, the device
¢’ operating to antomatically chanﬂe the po-
sition of the switch-contact ¢* to vary the
electromotive force as required. Automatic
devices d‘ and ¢” are provided in connection
with the other circuits for likewise control-
ling the switch-contacts.

In the several feed-conductors ¢® d? e® are
included the responsive devices ¢® d® €8, which,

if the system be manually operated, may be
indicators adapted to indicate one direction
of the current through the several conductors.
If, for the reason above explained, the poten-
tial at the point d~, for instance, be greater
than the potential at the point ¢°, so that a
back current is caused to flow through the
conductor ¢’, the cells of battery between the
switch-contacts ¢t and * will be thrown on a
circuit of low resistance which may be traced
over conductor * to point «*, thence through

the consumption-cireuit to point ¢ and back

through the conductor ¢®. The reversal of
the direction of current through the conduc-

tor ¢® will be indicated by the device ¢% and

if manually operated the attendant would
move the switch-contact ¢* one cell to the
right, thus increasing the potential of the
point ¢* above the point ¢® and causing the
current to flow in the proper direction. In-
stead of taking the form of an indicator the
device ¢® may be made in the form of auto-
matic mechanism for shifting the contact-
point ¢! one cell to the right.

In Fig. 2 I have illustrated more 1n detail

the position of the switech-contact points, 10-—
lay-magnet ', connected between the trial-
wires 7 l?, bem adapted to act upon its ar-
mature mounted upon a lever d° and opposed
by a spring d¥. Asthe potential throughthe
trial - wires increases, the magnet predomi-
nates over the spring and when the potential
is inereased to a predetermined point bhrings
the lever d® into contact with the anvil d',
thus closing the eircuit of battery 7 through
lever d®, contact d' and electromagnet ¢,
while, when the potential decreases, the
spring d'° acts to move the lever d® into con-
tact with the anvil ¢, thus closing the ecir-
cuit of thebatterythrough the electromagnet
g'. The armature of the electromagnet ¢ is
mounted upoinn a pivoted lever ¢° carrying
upon its end a hook g°adapted when the mag-
net is energized to engage the teeth upon a
bar #. The bar i is continuously recipro-
cated by means of an eccentric /v, and each
time the electromagnet ¢ 1s energlized and the
hook ¢* brought into eng mﬂement with the
teeth of the bar / the frame or carriage 1
(illustrated by dotted lines) upon which the
magnet g and lever g°are mounted is moved to
the left a distance equal to thestroke of the re-
ciprocating bar . Likewisethe lever g*upon
which the armature of magnet ¢ is mounted
carries a hook ¢g°adapted to engage the teeth
upon the bar 5, whereby the carriage 7 is
moved to the right. Upon the carriage 7 is
carried an arm 2" which supports the contact-
point d*, adapted to make contact with the
series of terminals 0’ 0’ connected with the
cells of the battery 6. The stroke of the bax

1v 1s equal to the distance between the termi-
nals ', whereby contact ¢*is moved from ter-
minal to terminal, either to the right or to the
left, according as the electromagnet g’ or elec-
By this arrange-

tromagnet g is energized.

the mechanism for automatically controlling

70

75

0

90

100

105

110

II5

120

I25

I30




IO

20

{13
Al

.40

50

e
it

6o

551,743 ' | 3

ment a decrease of the potential in the COMn-
sumption-cireuit below a predetermined point
results in the movement of the contact d*
upon the cell to the right to increase the 1m-
pressed electromotive f01 ce, while anincrease
of the potential results m the movement of
the contact d* to the left to decrease the 1m-
pressed electromotive force. The apparatus,
as above described, for moving the contact
to the right or to the left according as the po-
tential of the consumption-circuit varies, be-
longs to the prior art and in its individual
capacity forms no part of the present inven-
tion.

The present invention relates more par-
ticularly to the means for introducing an ad-
ditional cell of battery into the circuit of any
feeding-conductor when a reversal of current
takes place therethrough. For this purpose

upon the carriage ¢ is provided an electro-
“magnet £, the m*nmture of which is mounted

upon a pivoted lever &', carrying the hoolk A°
adapted to engage the teeth upon the recip-
rocating bar /. Upon a reversal of the cur-
rent th:r:ounh the feeding-conductor, the elec-
tromagnet ks energ ized and the hook %3
caused to engage reciprocating bar » to move
the carriage ¢ to the right fmd thereby cause
the contact d* to engage the next terminal
to the right to thus mtloduee into the cir-
cuit of the feeding-conductor through which
the reversal of emlent takes plﬂce an ad-
ditional cell to cause the current to flow 1n
its normal direction. To accomplish the en-
ergization of electromagnet & by the reversal
of the current through the feeding-conductor,
I provide in the circuit of the conductor a
relay, a preferred form of relay being illus-
frated in the drawingsin Figs. 2and 3. Upon
a metallic plate [ is mounted the bar !’ of mag-
netic material bent into the form of a horse-
shoe and extending transversely through the
plate . Slots [* {? are provided in the plate
whereby current passing through the plate
from end to end is caused to partake of a cir-
culatory path about the bar (', as indicated
in dotted lines, to thus magnetize and 1mpart
polarity to the ends of the bar. Detween
the ends of the bar !’ is provided an arma-
ture m mounted upon the rotatable core m'
of an electromagnet m° which is connected
in circuit with a battery m”. A definite po-
larity is thus imparted to the armature m
and is sueh that when the current through
the feeding-conductor ¢?, in which circuit the
plate [ is connected, is flowing in the proper
direction the contact-arm [, carried upon the

armature m, rests against the back contact o.
When the current through the feeding-con-
ductor ¢ is reversed the polarity of the ends
of the bar [ is reversed and the armature m
is moved to bring the contact-arm {* into con-

tact with the terminal o', thus closing the (311—
cuit of the battery p thouﬂh the contact o’
and contact-arm /* to the eleetromaﬁnet o and
back to the battery. The electromqonet /o 1S
thus energized and acts to move the contact
! one terminal to the right, thus including
an additional cell in the (311’*(311113

Similar apparatusis providedin connection
with each of the feeding-conductors, and I
have illustrated in Iig. 9 the apparatus in-
cluded in the circuit of conductor ¢, the ap-
paratus acting in the same manner to include
an additional cell of battery in circuit upon
the reversal of the current through the feed-
ing-conductor.

IIawnﬂ described my invention, what I
claim as new, and desire to secure by Letters
Patent, is—

1. The combination with a consumption cir-
cuit, of a number of feeding conductors con-
nected therewith, means for increasing or de-
creasing the electromotive force impressed

upon the several feeding conductors, and a

device responsive to the reversal of current
in a feeding conductor; substantially as de-

| SCllbed

The combmmwn with a consumption eir-
emt, of a number of feeding conductors con-
nected therewith, means for increasing or de-
creasing the electromotive force 1mpressed
upon the several feeding conductors, and a
controlling device responsive to the reversal
of current in a feeding conductor for increas-
ing the electromotive force Impressed there-
on; substantially as described.

. The combination with a consumption cir-
cuit, of a number of feeding conductors con-
nected therewith, an accumulator battery,
switches for cutting a greater or less number
of cells of said battery into circuit with any
particalar feeding conductor, and a control-
ling device responsive to the reversal ol cur-
rent in a feeding conductor for cutting into
the circuit of said feeding conductor an addi-
tional cell; substantially as described.

4. Thecombination with a consumption cir-
cuit, of a number of feeding conductors con-
nected therewith, an accumulator battery,
switehes for cutting a greater or less number
of cells of said battery into circuit with any
particular feeding conductor, and controlling
devices for operating said switches, one re-
sponsive to the potential in the consumption
circult and the other responsive to the re-
versal of currentin a feeding conductor; sub-
stantially as described. |

In testimony whereof I affix my signature
in the presence of two witnesses.

HERMANN OTTO WILIELM JUSTUS BREUL.

Witnesses:

OSCAR DIELEFELD,
JOHN 3. JACKSON.
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