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1o all whom Tt may concern:

Beit known that we, ENGELBERT ARNOLD,
a subject of the Emperor of Germany, OLE
SIVERT BRAGSTAD, a subject of the King of
Sweden and Norway, and JENS LASSEN LA
COUR, a subject of the King of Denmark,

all residents of Karlsruhe, Germany, havein-.
vented certain new and useful Improvements

in Distributing Electriec Currents, of which
the following is a specification.

For the different applications of electric
alternating currents, phases and periods of
different numbers are most suitable in rela-
tion to the separate objects. As examples,
for driving motors a multiphase current of
low frequency is best. Forarc-lamps and in-
candescent lichting a single-phase current
of higher frequency is most advantageous.
Frederick Bedell hasalready shown how these
advantages are gained by means of super-
posing alternating currents of different ire-
quency, while currents of different character
can be introduced and withdrawn at points
of equal potential of a motor-circuit, his in-
vention being protected by Letters Patent of
the United States, Nos. 645,907 and 647,741,
These arrangements of Bedell by which the
direct current or superposed alternating cur-
rent is introduced at points of the winding of
the generators, motors, transformers, or chok-
ing-eoils of the main system have the disad-
vantage with alternating currents that the
alternating currentintroduced into the wind-
ings of transformers or choking-coils sustains
a great drop of potential on account of the
self-induetion of such currentif the windings
are nob arranged without self-induction.

The method hereinafter described will
serve to obviate above disadvantages without
the employment of non-inductive windings,
because electric currents of different charac-
tor are not introduced in one and the same
wire by means of conduction, but by means
of induction. This is effected by means of
the superposition of magnetic fluxes 1n one
and the same transformer. Hereby not only
is the immediate end gained, but the addi-
tional advantage that the same transiormer
can be used for simultaneously transforming
the superposed alternating current of differ-
ent character. | '

|  The principle of our invention consists, in

brief, in the simultaneous transformation and
introduection or further transmission of alter-
nating currentsof different numbers of period
and phase over the conductors of a motor-

circuit by means of the employment of trans-

formers having two different kinds of indue-
tive primary windings, which in certain cir-

cumstances can be reduced to one, and hav-

ing only one induced, secondary winding,
and in the simultaneous transformation and
withdrawal of the currents of the transform-
ers with a primary and two secondary wind-

ings. DBecause the currents must be of differ-:

ent frequency and because the drop of po-
tential of any one of the superposed currents
in the conductors and transformers is inde-
pendent of the drop of potential of any other
superposed current such a description of
system for conducting may be entitled ‘‘An
independent polycyclic system of distribu-

| tion.” The simultaneous transformation be-

sides lessening the cost of plant has this fur-
ther advantage that however increased the
total output may be the maximum in duetion

in the transformers can by means of a sult-

able choice of the superposed currents be re-
duced, and because of this the hysteresis loss
is also reduced. The transformers will be
correspondingly smaller. |
In the accompanying drawings, Figure 1
illustrates the simultaneous transformation
of a three-phase current and of a superposed
single-phase current by a three-phase trans-
former with magnetic return. Kigs.3t0 5, in-
clusive, illustrate the introduction and with-
drawing and simultaneous transformation of
asuperposed alternating current by the trans-

formers of the main system.

In Fig. 1, a represents the three main con-
ductors, and b the neutral conductor, of a
three-phase system. Besides the three-phase
current the conductors a carry a superposed
single-phase alternating current, the return-
wire of which is formed byvb. The four-core
transformer ¢, its iron frame being shown in
Fig. 2, serves for the simultaneous transfor-
mation of the three-phase current and of the
superposed single-phase alternating current.
As the alternating current flows similarly

, throu oh the three primary windings, and thus
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produces a magnetic force which flows simi-
larlyin the three cores,a fourth coreis neces-
sary as a return for the fluxes produced by the
superposed current. The three secondary
conductors e serve simultaneously to carry
away the transformed three-phase current
and for leading out the transformed alternat-
ing current which flows back through the
neutral conductor ¢. If the ratio of trans-
formation of the three-phase current be de-
termined beforehand, then it is made possi-

ble to make the ratio for the single-phase al-

ternating current as large as may be desired

by the insertion of windings in the neutral
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conductor. These windings are wound on
the fourth core of the transformer.

Fig. 3 illustrates the employment of the
three one-phase transformers of a three-phase
system serving as main system for simulta-
neous transformation and introduection of a
superposed single-phase alternating current.
f denotes the three-phase generator for the
generation of the three-phase current. ¢ ¢
g° are the three single-phase transformers,
each of which possesses two primary and one
secondary winding. 'T'hree of these primary
windings, each of which belong to a trans-
former, are star-connected and serve to re-
ceive the three-phase current, while the three
remalning primary windings are series-con-
nected and serve to receive a single-phase al-
ternating cuarrent ﬂ'enelated in the genera-
tor A.

In the star-connected secondary windings
of the transformers a three-phase and a sin-
agle-phase currentaresimultaneously induced.
Contrariwise the two primary windings have
no inductive action on each other. ¢ rep-
resents the three main conductors of the
three-phase motor-circuit, while z denotes the
neutral conductor of same, which serves as
return-wire for the superposed one-phase al-
ternating current. Thisarrangementcan be
applied to a main system with whatever num-
ber of phases—for example, z—mayv be de-
sired, while @« separate star-connected trans-
formers are employed.

Instead of x separate transformers one -
phase transformer which provides a magnetic
return for the magnetic fluxes excited by the
superposed alternating current may also be
used. On the iron core serving as return a
primary as well as a secondary winding can
be wound in which fiow only the superposed
currents.

Fig. 4 illustrates an employment of a four-

wire three-phase system [ as main system.
m 18 the four-core three-phase transformer
shown in Fig. 2. In thiscase the transformer
m serves for simultaneous transformation
and delivery of two currents, of which the
maln current serves for feeding the three-
phase motor n and the alternating current
for feeding the lighting-circuit o

It is here considered that the fourth core of

the transformer is furnished with a primary
and with a secondary winding.

t nected, as shown in Fig. 9.

point.
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With the two halves of a four-phase system
used as main system the taking off and trans-
forming can bhe performed as follows: 1.

By the use of four single-phase transformers.

2. By the use of two two-phase transformers
with magnetic return. 3. Bythe useof a four-
phase transformer. Thelastarrangement, 3,
is represented in FKig. 5. From a four-phase
generator of the generating-station come the
conductors ¢ and {', which serve simultane-
ously as the outgoing and return conductors
for the superposed alternating current. 18
the four-phase transformer, v is supposed to
be a three-wire alternating-current circuit,
and w represents a four-phase motor.

The secondary windings for taking off the
malin current may each by itself be star-con-
They can as well
all be connected 1n one four-phase star; but
in thiscase the two windings of the four-phase
motor, which are displaced ninety degrees,
must not be so connected as to form a neutral
We designate in what follows a such-
like staras a double two-phase star wherewith
to show that to form a proper four-phase cur-
rent the two two-phase stars must remain un-
connected either in the transformer or in the
motors.

If in place of the two halves of a four-phase
system two svmmetrical three-phase systems

| which form together a symmetrical six-phase

system are used as main system, then, similar
to the foregoing, the taking off and transform-
ing can be done as follows: 1. By the use of
six single-phase transformers. 2. By the use
of two three-phase transforiners with mag-
netic return. Thus these must have at least
four cores. o. By the use of one six-phase
transtormer.

The method of transformation detailed for.

the secondary station is by means ol simple
inversion made available in the primary sta-
tions for the transforming and infroduction
of the superposed currents, and reversely.
What before was secondary then becomes pri-
mary.

The described principle can of course be
extended and include any number of systems

| superposed one above the other.

What we claim as our invention, and desire
to secure by Letters Patent, 18—

1. In a system of electrical distribution for
the simultaneous transmission of alternating
currents of different character by the simul-
taneous transformation of alternating cur-
rents of different numbers of periods and
phases, the method of winding the common
conductors of the different currents on the
transformer-cores so that the different cur-
rents generate independent magnetic fluxes
superposed one above another which said
fluxes again induce in the secondary wind-
ings independent currents of different char-

dcter which currents can be transmitted far-
ther.

2. In asystem of electrical distribution for
the simultaneous transmission of alternating
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currents of different character, by the simul- | connecting in star, and connecting in series

taneous transformation of a single-phase cur-
rent and of an n-phase current, the method
of winding the common primary and the com-
mon secondary windings on the cores of 7 sin-
ole-phase transformers and connecting in
qtar whereby both superposed currents can
be transmitted together.

3. In a system of electrical distribution for
the simultaneous transmission of alternating
currents of different character by the simul-
taneous transformation of a single-phase cur-
rent and of an n-phase current, the method
of winding the common primary and the com-
mon secondary windings on the n-iron core
of an (n-}1)-core n-phase transformer and
connecting in star, whereby both the super-
posed currents can be transmitted together.

4, In a system of electrical digtribution for

the simultaneous transmission of alternating |

currents of different character by the simul-
taneous transformation and superposing or
division of a single-phase current and of an
n-phase current, the method of winding the
common primary windings and the secondary
windings for receiving the n-phase current on

the cores of n single-phase transformers and |

3

the secondary windings of all transformers
for recewmﬂ' the supernosed alternating cur-
rent.

5. In a system of electrical distribution for '

the simultaneous transmission of alternating

30

currents of different character by the simul-

taneous transformation and superposing or
division of a single-phase current and of an
n-phase current, the method of winding the
common primary windings and the secondary
windings for receiving of the n-phase current
on n-iron core of an (n+-1)-core n-phase trans-
former and connecting in star, and connect-
ing: in series the becondary wmdmgs of all
cores for reception of the superposed alter-
nating current.

In testlmon} whereof we have signed our
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names to this specification in the presence of

two subscribing witnesses.

ENGELBERT ARNOLD
OLE SIVERT BRAGSTAD.
JENS LASSEN LA COUR.

Witnesses: -
FraNzZ HASSLACHER,
MICHAEL VOLK.
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