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To all whom it may concern.:

Beitknown that I, ADoLPH MULLER, asub-
ject of the German Emperm and a leS1dent
of Hagen, Germany, have invented certain
new and useful Improvements in and Relat-
ing to Transformer Systems and Apparatus;
and I do hereby declare the following to be a
full, clear, and exact description of the inven-
tlon such as will enable others skilled in the
art to which it appertains to make and use the
same, reference being had to the accompany-

ing drawmgs, and to letters of reference.
'malked thereon, which form a part of this

specification.

My invention has rel atlon to transformer
systems and apparatus, and more particu-
lmly tothat class in which the transformation

- 1s effected by means of stm age-battery sys-
tems. |

In the transfor matwn of duect currents of
erent

battery in the transformation of currents of
a high into currents of a lower potential or
tensmn have been charged in series and dis-
charged in parallel, the reverse being done in
the transi‘m mation of currents of low tension
into currents of a higher tension where the
groups of cells of the storage battery are
charged in parallel and dlSGhELI ged in series.

In such systems a continuous opemtlon be-
comes possible only when two absolutely in-
dependent groups of cells of full capacity are
used and altel nately charged and discharged.

This, however, is a very costly auanﬂ‘ement

In order to :;wmd this dlsadvantafre, a com- |

mutator has been used adapted to electrically
connect the individual gr oups of a single se-
ries of storage-battery eells In series or unin-
terrupted succession with the charging or dis-
charging circuit, as deseribed, for 1nstance,
in Letters Patent of the Unlted States, Nos.
000,740 and 565,741, to . D’A. Goold, dated
In the systems shown and
described in said Letters Patent it has been
the aim to avoid the current 1ntermpt10ns
necessarily resulting from unavoidable cir-

~cult changing by makmg the commutator-

50

brushes Wider than the insulation between
two commutator-contacts. It is obvious that
such an arrangement results in the short-cir-

cuilting of mdlwdlml battery - cell groups |

avoidable destruction of the latter, so that
such a system is not available for practical
purposes. If, on the other hand, as is the
case at a certain point in the transforming
systems referred to, the insulation between

the commutator-contacts is made so wide that.

the brushes will not extend over them, a com-
plete current interruption accompanied by
strong sparking inevitably follows, which

likewise precludes the practical use of such

systems.

In German IPatent No. 50, 056 an ar range-
ment 1s shown and described whlch althoue'h
designed for different purposes, perfm ms in
a eeltam measure the function of a direct-
current transformer. In this arrangement
the complete interruption of the Ch.‘:’bl ging-
current is avoided by means of a shunt cir-
cuit perpetually included in said charging-
circuit,which shunt-circuit may consisteither
of a wire resistance or a storage battery. In
the latter case the battery referred to, like
any one of the groups of storage batteries to
be charged, would have to be cut out of the
charging-circuit and replaced by another.

- This would render still more complicated the

already complicated circuit-changing appli-
ances necessary to the cutting out of the
charging-circuit the individual groups of bat-
tery-cells to be charged, because it would be
absolutely necessary for the purpose of charg-
ing a group of cells to cut out four of them.
Irrespective of this disadvantage direct cur-
rents of low tension alone can be transformed.
Hence this system is also not available for
practical purposes. '

Broadly speaking, my invention has forits
object the transformation of direct currents
of a given tension into like currents of a dif-
ferent tension, and, specifically speaking, the

invention has for its object the transforma-

tion of direct currents by means of storage
batteries, the transmission of such currents
over long distances through conductors of
small cross-sectlonal area, and at a distant
point the retmnsfmmatlon of the high-ten-
sion current to a current of a tension suit-
able for consumption for the different prac-
tical purposes.

The invention has for.its further object
the transformation of directcurrents of any

| through the commutator-brushes and the un-
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given tension into currents of the tension of |

a current produced by another source for sup-
porting the latter.

In accordance with my invention the trans-
formation is effected without interruption of
the supply or charging or the consumption or
discharging ecircuits or currents, and this
without any possibility of producing short
circuits through the circuit-changing or com-
mutator brushes. Ifurthermore,accordingto
my invention I am enabled to regulate the
current tension in the most simple manner
in accordance with the current consumption
without resorting to other means than well-
known forms of circuit-changing appliances.
This I attain by perpetually including, not

only in the high-tension circuit, (asaccording .

to the United States Patents cited hereinbe-
fore,) butalsoin the low-tension circuit,a stor-
age battery whosecells are arranged in groups
and whose tension is equal to that of said
charging-circuit and to the tension of agroup
of cells of the storage batteryin the high-ten-

sion circuit. Thisbattery doesnotin anyman-

ner partake in commutation of the cell groups
of the high-tension battery, but is designed to
equalize the differences of potential brought
about by current interruptions due to that
commutation. |

- That my invention may be fully under-
stood I will desceribe the same in detail, ref-
erence being had to the accompanying draw-
ings, 1n which—

Figures 1 and 2 are diagrammatic views of
circuits and appliances for transforming di-
rect currents of low tension into like cur-
rents of higher tension, and vice versa, re-
spectively. Ifigs. 3and 4 are like views illus-
trating the combination of a spark catcher
or arrester and extinguisher,with circuits and
appliances for transforming direct currents
of very high tensionintolike currents of lower
tension. | |

Referring to Ifig. 1, ( indicates a genera-
tor of electricity, as a dynamo, included in a
low-tension current-charging circuit ¢ ¢', in
which 18 also permanently included a storage
battery 0, whose cells are arranged in groups
connected in series, a switch s being provided
whereby the number of groups of cells in
circuit may be varied in accordance with the
tension of the current supplied by the dy-
namo. In the discharging-circuit { and [/’ is
permanently included a storage battery I3,
whose cells are also arranged in groups and
connected in multiple series, the tension of
each group of cells being equal to that of the
battery b or to the tension of a definite num-
ber of groups of cells of said battery . In
these two circuits are interposed the circuit-
changing appliances—namely, a commutator
comprising a suitable support, to which are
secured two contact-springs ¢ and ¢, consti-
tuting one of the terminals of the charging-
circuit ¢ and a'. The commutator further
comprises two synchronously revoluble con-

able motor, as an electric motor M. 'The ter-
minal springs ¢ and ¢’ have bearing on the
periphery of said rings d and d', respectively,
and each of said rings is provided with a
brush (lettered e and e', respectively) that
have bearing upon a fixed commutator-cylin-
der k. "The commutator-cylinder Ik has a
series of contact-segments, the number of
which is greater by one than the number of
storage-battery cell groups, in the case un-
der consideration, five, (indicated by /', 1=, /3,
f4 and f7,) of which ' and f° are connected
by wires /' and /° to opposite poles of the
terminal or end groups of cells of storage
battery I3, while the contacts f* ° f* are con-
nected by wires /* 23 /it with the serial con-
nections ¢/, 2%, and %°, respectively, between
the groups of cells of said battery D.

It will readily be seen that in the arrange-
mentdescribed any desired number of groups
of cells of battery I3, corresponding to agiven
multiple of the tension of the charging-cur-
rent, can be discharged.

Of course 1t will be understood that instead
of revolving the contact-rings ¢ and d' about
the commutator-eylinder IX the latter may be
revolved. Inthe position of thecommutator,
brushes, and contact-rings shown in Iig. 1
current from dynamo G flows by wire « to
spring ¢, ring d, brush e, contact =, wire /%,
group of cells £ of battery I3, which is there-
by charged, wire /\%, contact /3, brush ¢', ring
d', spring ¢, and wire ¢’ back to opposite
pole of dynamo G. During this operation
the storage battery b remains unaffected pro-
vided the potential or tension of its charge is
equal to that existing in the charging-cir-
cuit—7. e., equal to that of the charging-cur-
rent. Ingeneral the tension of battery b will
be higher than that of the group of storage-
cells being charged, so that the supply-cur-
rent is supported or in a measure reinforced
by said battery 0. As the brushes.e ¢ move
out of contact with /* /* and into contact with
73 f* cell group Ai* is cut out of the supply-cir-
cuit and cell group A° included in said cir-
cuit, current flowing from G, via ¢ to ¢ d ¢ f3
Pl e’ d ¢ o back to G, cell group &7
being charged, and in a similar manner cell
eroups k* and &’ will be charged by the fur-
ther rotation of the contact-rings d and d'.
It will, however, be observed that owing to
the interposition of battery 0 in the charging-
circult the latter i1s not interrupted during
the successive cutting out of the cell groups
of battery B, but remains closed through said
battery 0, thereby charging the Jatter, while
the tension, as above stated, can be regu-
lated by means of the switch s. Inasmuch
as the cell groups of battery BB are connected
in series in the discharge-circuit [ and [ the
tension of the discharge - current will be
greater than that of the supply-current, asis
well understood, and in proportion to the
number of cell groups in said storage battery
B. The transformation of direct currents of

tact-rings ¢ and ', set in motion by any suit- | high tension into like currents of a lower ten-
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ner, whether such high-tension currents are
derived directly from a generator or from a
high-tension discharge - circuit supplied by
transfmmatlon from a low-tension charging-
circuit. It is obvious that by means of the
appliances shown in Fig. 1 the high-tension
currents obtained by the transformation of
low-tension currents may be transmitted to

a distant point and there retransformed into

current of low tension for consumption, this
being presumed to be the case in the diagram
shown in Fig. 2, to which reference is now
made. In thisarrangementthe high-tension
or discharging circuit [ I’ becomes, of course,
the charging-circuit and has permanently in-
cluded therein the high-tension storage bat-

tery B, the four groups of cells of which are

connected in multiple series. The low-ten-
sion or charging circuit a a’, Fig. 1, becomes
the discharging-circuit o' a!, Fig. 2, and in-
cludes the storage battery {’, the connections
between the batteries and circuit-changing
appliances being exactly as described in re-
spect of Iig. 1.

ing - circuit constantly closed, and as the
groups of cells it k* 18 14 of said battery
are connected in multiple series with the dis-
charge-circuit through the contacts f1t f12 £13
e fl*’ of the circuit-chan ging appliances and
the connections A, ¢, hm z,“ A, 15 R4 and
h*, said groups of cells are d1schar0*ed ser mlly
intothe discharging-circuit ¢ and a,ﬂ thatin-
cludes the battery b, which also maintains
said circuit constantly closed, while the ten-
sion in said 011'011113 can be reﬂ‘ulated by means
of the switch s, as descrlbed in respect of
Fig. 1. It will thus be seen that a current
of compamtively low tension, such as is read-
ily generated by a direct-current dynamo,
can be transformed into a current whose ten-

sion may reach thousands of volts and trans-

mitted to a great distance, to be there re-
transformed mto a current of lower tensmn
suitable for consumption.

Although the circuit-changing appliances
shown and described are of asimple and very
practicable nature, y et their construetion and
arrangement may be varied in many ways
without departing from the nature of my in-
vention.

In the application of my system to existing
installations should the given tension not be
directly divisible into a higher tension, or
vice versa, it will be adwsable to find the

‘highest possible common divisor that will di-

vide the tensions without remainder and then
divide both high and low tension storage bat-

teries into groups of cells in such manner
that the tension of each of said groups of the
high-tension battery will be equal to the ten-
sion of a group of cells of the low-tension bat-

- tery. "The circuit-changing appliances will

then be so organized as to connect at equal
intervals of time cell groups of equal dimen-

The battery B’ is uninter-
Hlptedly eharcred and maintains the charg-

v

Practice has demonstrated that direcet elec-
tric currents can be transformed into cur-
rents of any desired tension by my system

70

without injurious sparking at the commuta-

tor, which in similar systems heretofore used
has not been attained; but, asis well known,
1t 1s extremely difficult to effect the transfor-
mation of currents of veryhigh tension with-
out injurious sparking, and I provide means
whereby the injurious effect 1s, if not-abso-
lutely avoided, at least greatly mitigated by
so constructing the circuit-changing appli-
ances that those parts immediately affected
and liable to wear can be readily removed
and others substituted. This I have shown
in Figs. 3 and 4 by interposing in the high-
tension circuit a spark catcher orarrester and
extinguisher. As will be seen by an inspec-
tion of saild figures of the drawings, the cur-
rent from dynamo G for charging the high-
tension battery B flows from the intermedi-
ate battery 0 through a spark-arrester and
thence to the commutator U. This spark-
arrester consists or may consist of an insula-
tion-disk S, secured to the shaft B of the
electric motor M and commutator U, said
disk being provided with conductive contact-
segments T, eleetlleally connected with said
shaft R, the circuit-terminals being connected
to contact- -springs O' 02, the former trailing
on shaft R and the lattel on the face of d1slf;
S. The number and relative arrangement of
thesegments'l correspond, of course, with the
number and relative arrangement of the com-
mutator-contacts, while the superficial arc of
said segments T relatwely to the superficial
arc of the commutator-contacts 18 such that
the circuit will be interrupted and closed at
the spark-arrester a little before 1t is inter-
rupted and closed at the commutator. Hence
the sparking, if any, takes place at the spark-
arrester instead of at the commutator. The
conductive segments T, subjected to the in-
fluence of the sparking, can, however, be
readily removed and replaced by others at a
trifling cost, which is not the case with the
commutator-contacts. In order to minimize
the injurious effects of sparking, the disk S
may be inclosed in a vessel If, filled with any
suitablenon-conductive extinguishingliquid,
as distilled water or alcohol or the like. Like
results may be obtained by magnetically or
mechanically wiping the sparks, as by a blast
of air, and instead of the disk 5 a c¢ylinder
can be used. -

Having thus deseribed my invention, what
I claim as new therein, and desire to secure
by Letters Patent, is—

1. The combination with two circuits for
carrying currents of different tension, a com-
mutator interposed therein, storage-cells in
the high-tension circuit electrically connected
in groups with said commutator and adapted
to be charged in parallel and discharged in
series when receiving current from, and
charged in series and dlschal ged 1In pmallel

sions of the primary and qeeondmybaltemes i When supplying current to the commutator;
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of a storage battery always in circuit with the
low-tension circuit and connected with the
commutator, for the purpose set forth.

2. The combination with two circuits for
carrying currents of different tension, a com-
mutator interposed in said circuits, groups of
storage-cells in the high-tension ecircuit con-
nected with said commutator to be charged
in parallel and discharged in series when re-
celving current from, and charged 1n series
and d1seh‘wg‘ed in pamllel when supplying
current to the commutator; of a storage bat-
tery always in circuit with the low-tension
circuit and through the commutator succes-
sively with each group of storage-cells in the
high - tension circuit, for the purpose set
forth.

3. Thecombination with twocircnitsadapt-
ed to carry currents of different tension, a
commutator interposed in said eircuits, stor-
age-cellsinthe high-tension circuit connected
In groups to said commutator to be charged
in parallel and discharged in series when re-
ceiving current from, and charged in series
and dmchar ed in pamllel When supplying
current to the commutator; of storage-cells
always in circuit with the low-tensi(m cireuit',
the tension in said cells being about equal to
the tension in a group of cells in the high-
tension circuit, and adapted to be connected
through the commutator successively with
the several groups of cells in said high-ten-
sion circuit, for the purpose set forth.

4. The combination with two circultsadapt-
ed to carry currents of different density, a

commutator interposed in said circuits, and
storage-cells connected in groups with said
commutator to be charged in parallel and dis-
charged 1n series, and charged in series and
discharged in parallel respectively when re-
celving current from or supplying current to

814,571

| the commutator; of storage-cells always in
- circuit with the low-tension circuit,and means

for regulating the tension in said cells to that
in a group of cells in the high-tension circuit,
for the purpose set forth.

5. The combination with two circuits for
carrying currents of different tension, a com-
mutator interposed in said circuits, storage-
cells always in eircuit with the high-tension
circuit, and connected In groups with said
commutator to be charged in parallel and dis-
charged in series, and to be charged 1n series
and discharged in parallel respectively when
receiving current from or supplying current
to sald commutator; of a storage battery al-
ways in circuit with the low-tension circuit
and adapted to be connected, through said
commutator, successively with the several
groups of cells in the high-tension circuit,
for the purpose set forth.

6. The combination with two c¢ircuits for
carrying currents of different tension, a com-
mutator interposed in said circuits, groups
of storage-cells connected with the commuta-
tor to be charged in parallel and discharged
in geries, and to be charged in series and dis-
charged in parallel respectively, when re-
ceiving current from or supplying current to
sald commutator; of a storage battery and a
spark-arrester always in circuit with the low-
tension circult and connected through the
commutator with the groups of storage-cells,
substantially as and for the purpose set forth,

In testimony that I claim the foregoing as
my invention I have signed my name in pres-
ence of two subseribing witnesses.

ADOLPII MULLER.

Witnesses:
HENRY HASPER,
W. Havupr.
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