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To all whom it may concern: :

Be it known that I, Jaxos E. NOEGGERATH,
a citizen of the- United States, residing at
Schenectady, county of Schenectady, State
of New York, have invented certain new and
useful Improvements in Dynamo - Electric
Machines, of which the following is a speci-
fication. S

My invention relates. to dynamo-electric
machines of the unipolar type, and its ob-
ject is to adapt such machines for efficient
operation as rotary transformers or compen-
sators for transforming one voltage to an-
other. A unipolar machine as ordinarily
arranged, when used- as a rotary trans-
former or compensator, is subject to certain
losses which do not occur when the same ma-
chine is used as a generator or motor. This
is due to the fact that while the direction of
flow-is the same in all the armature conduc-
tors when the machine is used as a generator
or motor, this isno longer true when the ma-
chine is used as a rotary transformer.

If two parallel conductors are assumed to
carry equal currents flowing in the same
directions; it will be seen that the magnetiz-
ing effect of the current in one conductor
upon the space separating the two conduc-
tors is opposed by the magnetizing effect of
the current in the second conductor; the re-
sultant magnetizing effect of the two cur-
rents being to create a flux surrounding both
conductors and not passing between the two
conductors. Consequently, in the case of an
armature having parallel conductors distrib-
uted around its periphery, all carrying cur-
rent in the same direction, the magnetizing
effect of the current in each conductor upon
the space immediately on each side of the
conductor is partially neutralized by the
magnetizing effect of the current in the ad-
jacent conductor on each side. On the con-
trary, if two parallel conductors are ar-
ranged to carry currents in opposite direc-
tions, both currents assist in magnetizing the
space between the.two conductors. Conse-
quently, in the case of an armature having

~parallel conductors distributed around its

periphery, some carrying current in one
direction and some in the other, as in the
case of a ‘unipolar machine employed as a

‘rotary transformer, each two adjacent con-

duétors carrying current in opposite direc-
tions tend to.produce a flux in the space be-

tween them. If all the conductors carrying
current in one direction are arranged on a
certain portion of the armature and the re-
maining conductors on the  other portion,

- the result is to produce a bi-polar field hav-

ing its poles between the two portions;
while if the conductors carrying current in
opposite directions are intermingled a multi-
polar magnetization will be produced in the
armature. In either case, the poles m the
armature will produce strong eddy currents
in the field structure, resulting in large
losses.

The object of my invention is to prevent
such losses, and I accomplish this by so ar-
ranging the armature conductors that the
magnetizing effect of each conducter is neu-
tralized by the eurrent in an adjacent con-

ductor or conductors. I accomplish this by .

placing each conductor carrying current in
a given direction closely adjacent to a con-
ductor or conductors carrying current in the
opposite direction, so that the space between
the conductors is restricted, and consequently
of high reluctance. I further increase the
reluctance of this space by removing all

“magnetic material therefrom, so that the ad-

jacent conductors are separated either by an
air-gap or by other non-magnetic material.
My invention will best be understood by

reference to the accompanying drawings, in-
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Figure 1 shows a unipolar machine adapt-

ed to be arranged for operation as a rotary
transformer in accordance with my inven-
tion; Fig. 2 is an explanatory diagram; ¥ig.
3 shows diagrammatically the armature of
a unipolar rotary transformer arranged in
accordance with my invention; and Iigs.

4, 5, 6, and 7 show different modifications of

the arrangement of armature conductors in
accordance with my invention.

In Fig. 1, F represents the field structure
provided with the field coils / which extend
circumferentially around the machine. A

represents the armature carrying a plurality .

or armature conductors ¢, which are arranged
in the usual manner distributed around the
armature core near its periphery, and which
are connected at each end to collector rings
C; on which bear brushes B, by means of
which the armature conductors may be con-
nected in series. '

Now, referring to Fig. 2, I have shown a
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_ diagram of the directions of current-flow in

the armature conductors of a machine of the
type illustrated in Fig. 1, when employed as
a rotary transformer. I have shown only
four armature conductors, for the sake of
simplicity, and shall assume that the ma-
chine is of four hundred kilowatts capacity,
and is transforming current at one hundred
volts into current of fifty volts. The -ter-

minals at the bottom of the figure represent”
the leads from the supply-circuit. A current

of four thousand amperes enters these ter-
minals at one hundred volts. The upper

terminals are supposed to represent the leads:

to the load-circuit, through which pass eight
thousand amperes at fifty volts. Kach arma-

ture conductor carries four thousand am--

peres; the direction of flow being as indi-
cated by the arrow-heads. It will be seen
that a strong magnetization will be produced

in the space between the two middle conduc-
tors, since with respect to this space -the-

armature conductors shown represent a mag-
neto-motive force of eight thousand ampere
turns. On the other hand, if the two middle
conductors should be reversed in position a
field would be produced between each two
conductors corresponding in strength to a
magneto-motive force of four thousand am-
pere turns. Kither arrangement will pro-
duce a strong local magnetization of the
armature, which, as the armature revolves,
will produce heavy eddy currents in the
field structure. ' ' :

Now, referring to Fig. 8, I have shown an
arrangement in which each armature con-
ductor is placed closely adjacent to a con-
ductor carrying an equal current in the op-
posite direction. If the two conductors in
each group could bé placed in exactly the
same space their magneto-motive forces
would exactly neutralize each other, and in
practice by placing the conductors as close
together as mechanical and electrical gondi-
tions permit and by making the space be-

tween them non-magnetic, a practically com-
- plete neutralization can be secured.
Tigs. 4 to 7 show different arrangements

for securing the desired neutralization. In
Fig. 4 the armature conductors a are made
flat, and are placed closely adjacent to each
other, so as to form a complete cylinder of
current-carrying materjal .around the pe-
riphery of the armature held in place by a
binding member o’. Conductors carrying
current in opposite directions are placed

.adjacent to each other’as indicated by the

60

plus and minus ‘signs. The space between
the two conductors is very small and is filled
only with non-magnetic insulating material,

~ this arrangement practically neutralizes the

45

magnetizing effect of the current in each
conductor. ~This construction has’ the re-
sult of introducing in the magnetic circuit
of the machine a second air-gap correspond-

959,959,

ing to the thickness of the conductors and
consequently requires a strong field mag-
netization. ,

Fig. 5 shows an arrangement in which the
conductors are carrvied in holes or tunnels
in the armature core. Conductors carrying
current' in opposite directions are placed
close together, as indicated by the plus and

70

minus signs, and the space between the two '

conductors 1s partially cored out so as to
make the flux path through that space of
high reluctance.

Iig. 6 shows another arrangement, in
which the conductors- of special - cross-sec-
tion are employed so as to render it pos:
sible to place two conductors conveniently in
a single round hole. '

Fig. 7 shows another arrangement, in
which. round_conductors may be employed
with a plurality of conductors placed in a
single hole. In this figure, D represents a
tube or rod of non-magnetic material, which
extends through the armature core, and
which is provided with a plurality of tun-
nels or passages for receiving two or more
conductors @; which arrangement, like the
others, provides a restricted flux path of
high reluctance between the adjacent con-
ductors carrying current in opposite direc-
tions. ‘

Although, for the sake of simplicity, I
have shown my invention applied to a rotary
transformer arranged for a 2 to 1 ratio of
voltages, and consequently have shown only
two conductors in each group, since with
this voltage ratio half the conductors carry
current in one direction and half in the
other, and the currents in all the conductors
are of equal strength, it will be seen that
my invention is equally applicable to a ma-
chine arranged for practically any voltage
ratio, the only requisite in each case being
that each group of conductors shall contain
a number of ampere conductors of one po-
larity equal to the number of ampere con-
ductors of the opposite polarity. Further-
more, although I have shown my invention
applied to a machine having a drum arma-
ture, it is obvious that in its broader aspects
it is equally applicable to other types of
armatures. Accordingly, I do not desire to

Jimit myself to the particular construction

and arrangement of parts here shown, but
aim in the appended -claims to cover all
modifications which are within the scope of
my invention.

What I claim as new and desire to secure
by Letters Patent of the United States, is,—

1. A rotary transformer having a uni-
polar field structure, an armature core, a
plurality of armature conductors distributed
around the armature core near its periphery,
and collecting devices and cross-connections
for placing said conductors in series, a cir-
cuit including all of said conductors, and a
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second circuit including .a portion of said
conductors, each conductor included in the
second circuit being arranged close to one or
more of the remaining conductors, whereby
the magnetizing effect of each conductor is
neutralized by the current in adjacent con-
ductors. . : :

2. A rotary transformer having a uni-
polar field structure, an armature core, a
plurality of armature conductors distributed
around said armature core near its periphery,
and collecting devices and cross-connections

~ for placing said conductors in series, a- cir-
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cuit including all of said conductors, and a
second circutt including a portion of said
conductors, .each conductor included in the
second circuit being arranged close to one
or more of the remaining conductors, and
the space between adjacent conductors be-
ing arranged with high reluctance.

3. A rotary transformer havihg a uni-
polar field structure, an armature core, a
plurality of armature conductors distributed

- around said armature core near its periph-

ery, and collecting devices and cross-connec-
tions for placing said conductors in series,
a circuit including all of said conductors,
and a second circmit including a portion of
said eonductors, each conductor included in
the second circuit being arranged close to
one or more of the remaining conductors,

and separated therefrom by a non-magnetic

space.

4. In a dynamo-electric machine, a uni-.

polar field structure, an armature core, a
plurality of armature conductors distributed
around said armature core near its periph-
ery, collecting devices and cross-connections
for placing said conductors in series, said
conductors being grouped and the conduc-

tors in each group being placed close to
each other so that the flux path between the
conductors of each group is restricted.

5. Ini a dynamo-electric machine, a uni-

.polar field structure, an armature core, a

A

plurality of armature conductors distributed
around said armature core near its periph-
ery, collecting devices and cross-connections
for placing said conductors in series, said
conductors being grouped and the conductors
in each group being placed close to each
other and separated from each other by a
restricted non-magnetic space.

6. In a dynamo-electric machine, a uni-
polar field structure, an armature core, non-
magnetic tubes extending through said core,
a plurality of armature conductors carried
in each of said tubes, and collecting devices
and cross-connections for placing said con-
ductors in series. '

7. A rotary transformer having a uni-
polar field structure, an armature core, a

‘plurality of armature conductors distributed

around said armature core neas its periph-

“ery and arranged in groups, and collecting

devices and cross-connections for placing
said conductors in series, a circait including
all of said conductors, and-a second circuit
including a i)ortion of said conductors, the
conductors of each group being so connected
to said circuits that the ampere conductors
of one polarity in each group equal the am-
pere conductors of the opposite polarity.

In witness whereof, I have hereunto set my
hand this 29th day of June, 1906.

JAKOB E. NOEGGERATIL

‘Witnesses:
B. B. Hyui,
Herex Orrorp.
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