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To all whom it MYy concérn: - o
Beit known that I, ROYAL EDWARD BALL,

a citizen of the United States, residing at the

city of New York,in the county and State of

New York, have invented a certain new and
useful Rotary Transformer, of which the fol- |

lowing is such a full, clear, and exact deserip-
tion as will enable any one skilled in the art

same, reference being had to the accompany-
ing drawings, forming part of this specifica-
tion. . I,

- My inveuntion relates more particularly to
the transformation of continuous currents of

one amperage or voltage to other continuous

currents of different amperage or voltage and
also to the transformation of alternating cur-
rents to continuous currents, or vice versa,
with or without change in amperage or poten-
tial by means of a rotary transformer having

but a single coil, which acts both as the pri-
mary and secondary coils of an ordinary dou-

ble-coil rotary transformer. "
The objeet of my invention is to provide a

simple and cheaply-constructed rotary trans- |
former which will be effective and practical

In cases where the desired range of transfor-
mation is not larger than the ratio of two to
one, such as in transformation of continuous

currents of 9.6 amperes to continuous cur-.
rents of 6.8 amperes, which is at present in
demand for furnishing current to inclosed-

arc lamps where it is not desired io discard
old general station generating apparatus.

The method of transforming alternating
current to continuous current described be-

low in connection with the operation of my

apparatus is the subject of another applica-
tion for patent filed contemporaneously here-

with, and in still anotherapplication also filed

contemporaneously with this one I have spe-
cifically claimed the form of my apparatus

described herein as devised especially for
transforming alternating currents to continu-
ous currents. |

In the drawings herewith, in which like
characters of reference refer to like parts in
the different views, Figure 1 is an end view
of my transformer; Fig. 2, a sectional view
of an adjustable brush-holder for use with
same. Kig. 31is a side elevation of my appa-
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or other magnetic metal.
erably bolted to the base 10, allowing the ar-
mature to rotate within it.
| plete the external magnetic cireuit of my ap-

ing the efficiency of my apparatus.
| reluctance-reducer remains stationary, it is
not necessary to have it laminated, and it can
be made of cheap material, not being subject
to hysteresis or eddy-currents, as it would be
1n case it rotated with the armature.
‘horizontal arms 17, extending from one of
|'the standards. 11, are attached the brushes
18719, which bear upon diametrically opposite
| points of the commutator 15.
brushes are referred to in this description as

| winding thereof and its connection with the

commutator bearing the primary and second-
ary brushes. Figs. 5 and 6 are respectively
a diagram of the armature-winding and its
connections and a side elevation of the pre-
ferred form of my invention for use in trans-

formationfrom alternating to continuous cur-
ed 1 art | rent, or vice versa. '
to which it appertains to make and use ‘the |

JIn Figs. 1 and 3, 10 represents a suitable

‘base, upon which are standards 11, bearing

boxes 12, in which the shaft 13 is journaled,

| bearing rigidly attached thereto the prefer-
ably laminated armature-core 14, which bears
upon one of its ends the concentrically-dis-
posed commutator 15, composed, as usual, of

conducting. segments or strips insulated from
one another. Also mounted upon the base

10 and closely surrounding the core 14 is the

reluctance-reducing ring 16, composed of iron
This ring is pref-

It acts to com-
paratus, and therefore reduces the reluctance

of the field generated in the armature-core,
as hereinafterdescribed, thus largely increas-

Upon

the‘primary” brushesof my transformer;but,
as will beseen hereinafter, they may be either
the primary or secondary brushes of my ap-

paratus. The secondary brushes are shown

As the

These two
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at 20 21 as bearing upon the commutator 15

at diametrically opposite points midway be-
tween the primary brushes 18 19. These sec-
ondary brushes are carried by arms 22, mov-
ably attached, as shown by dotted lines in

Fig. 1 and by the sectional view, Fig. 2, by

means of a collar 23 to a boss 24, projecting

the shaft 13. These secondary brushes are

95

thus adapted to be moved to any desired po-

ratus. Fig. 4 is a diagram of the armature- | sition with reference to the primary brushes

I00
inwardly from the box 12 and surrounding . '
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18 19 and are held in that position by the frie-
tion of the collar 23 upon the boss 24. This
movement may be accomplished by any of
the well-known antomatic means, if desired;:
but it is shown in the drawings as being done
by means of a handle 25, projecting from one
of the arms 22. At 26 1s represented a small
motor having upon its shaft a power-wheel
27, connected by means of the belt 28 with the
driving-wheel 29 of my transformer for the
purpose of rotating the core 14 and causing
the commutator 15 to revolve beneath the
brushes 18, 19, 20, and 21. -

Fig. 4 shows in diagram the winding of the
armature of my transformer, together with
1ts connections with the primary and second-
ary circuits. This armature may be either
of the Gramme-ring or drum-wound type, the
former being shown in the drawings, and it
may be either surface wound, as represented,
or of the kind known as ““iron-clad ” or *‘ coil-
embedded” armatures. The laminated core
14 18 wound with a single continuous coil 30,
which 18 connected at points equally distant
from each other to the various conducting
segments or strips of the commutator 15. To
the brushes 18 19 come the wires 31 32, con-
stituting the primary circunit, and to the
brushes 20 21 come the wires 33 34, constitut-
ing the secondary circuit.

It will be obvious to those skilled in the art
that since there is no essential difference be-
tween transformation from continuous cur-
rent to continuous current and transforma-
tion from alternating to continuous current,
or vice versa, my apparatus can be used for
this latter transformation. A few modifica-
tions to suit the varied conditions are, how-
ever, desirable. Kigs. 5 and 6illustrate these
modifications for transforming three-phase
alternating current to continuous current.
In Fig. 6,10 again represents the base; 11 11,
the standards; 1212, the boxes; 13, the shaft;
15, the commutator, and 16 the reluctance-
reducingring. Upon thecommutator 15 hear
brushes 35 and 36, which are connected with
the continuous secondary current system and
are made adjustable by being collared onto
the flange 23, as shown in detail in Fig. 6and
described above. The handle 25 is used to
change the position of the brushes on the
commutator 15. From the other side of the
core 14 projects an extension 37, which car-
ries three insulated continuous contact rings
or strips 33, upon which bear brushes 39, held

1n position by the arm 40, rigidly attached to

60

the journal-box 12. As before, 29 represents
a driving-pulley attached to the shaft 13.
Over this pulley runs the belt 28, whieh also
encircles the power-wheel 27 of the motor 26.
1his motor is preferably of the three-phase

synchronous type for a purpose which will be
hereinafter specified.

The armature-winding of my three-phase
continuous transformer, together with its
connections to the contact-rings 39 and the
commutator 15, are shown in diagram in Fig.

693,098

5. The coil 30, wound on the core 14, is con-
nected at each of three points 41 42 43 one
hundred and twenty degrees apart to one of
the continuous contact rings or strips 38,
upon which bear the brushes 39, which in al-
ternating continuous transformation are con-
nected to the mains 44, carrying the primary
alternating current. The coil 30 is also con-
nected at equal intervals to the conduecting
segmentsor strips of the commutator 15, upon
which bear at diametrically opposite points
the secondary brushes 35 and 36, which are
connected to the secondary continuous cur-
rent conductors 45.

In transforming from continuous current,

to continuous current the operation of my

apparatus may be briefly deseribed as fol-
lows: Cuarrent from a suitable source is led
through the primary brushes and the motor

26 18 started, causing the armature of the-
‘transformer to rotate. ILooking now at Fig. 4,

it will be noticed that a primary magnetic
field is generated in the core 14, which, sup-
posing the primary current to flow as indi-
cated by the arrows, will have its north pole
at n' and its south pole at s'. We now have
in a rotating armature a magnetic field sta-
tionary with respect to space, which field will
becut by the rotating coil 30, carrying the pri-
mary current. 'T'his coil will then have gen-
erated in itin addition tothis primary current
a secondary current,giving rise to a secondary

| magnetic field having its north and south

poles, respectively, at n? s
patrs of poles arises a resultant field, as is
usual in such cases, having its north and
south poles, respectively, at N 5. With the
secondary brushes in position with respectto
the primary brushes, as shown in' Fig. 4—
that 18, at opposite ends of a diameter perpen-

- dicular to a diameter connecting the contact-

points of the primary brushes—the total watt-
age of the secondary will at all times be-equal
to the total wattage of the primary less the
iron losses, and the direction of the current
will be as indicated by the dotted arrows.
The relative voltage and amperage of the pri-
mary and secondary currents may, however,
be varied by varying the relative position of
the primary and secondary brushes. If the
secondary brushes are moved in the direction
of rotation, the electromotive force generated
and the power consumed are reduced. When
moved counter to the direction of rotation,
the opposite effect is produced, and when
moved so that brush 20 is in position with
brush 19 and brush 21 in position with brush
18 the coil regarded as a generator of second-
ary current is inactive.

The operation of my apparatus in trans-
forming alternating current to continuous
current is as follows: When three-phase cur-
rent enters the coil 30 through the wires 44,
Fig. 5, brushes 39, and contact rings or strips
38,1t i1s evident that if the armature remained
stationary it would have generated in its core

| 15 a magnetically-rotating field, If, however,
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- we cause the armature to rotate in a direetion
‘opposite to the rotation of the magnetic field
and with equal frequeney thereto this field

IO
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by means of a three-phase synchronous motor |

at 26, connected across the primary mains,

will become stationary in space and we will

then have precisely the same condltlons asin |
the case of transformation of continuous cur-

rent to continuons current, desecribed above.

Supposmﬂ* that the primary field hasits poles

at n' s and that the secondary field, gener-

 ated by the induced secondary current in the

_Is

coil 30, hasits poles, as indicated, at n? s?, we
- will have, as before, the resultant poles N S,

before whieh the primary current acts.as mo-
tor and the secondary current is generated.

- Similar variations in eleetwmotwe force and

20
.25
| '30

35

amperage of the secondary current may also
be obtained by varying the position of the
secondary brushes upon the commutator as

‘1s obtained by varying the position of the sec-

ondary brushes in continuous to contmuous
transformation.

It is evident that by the use 0 of my appdla-'_

tus, suitably changed to meet differing con-

ditions, alternatmﬂ' currents of any number
of phase may be t1a,nsformed to continuons
current and at the same time modified in am- |
perage or potential, if desired. These changes-

may, however, be made without departmﬂ' 1n
the least from. my invention.

By the use of my apparatus continuous cur-
rent may also be transformed to alternating
current. In this case both the speed and dl-—
rection of rotatlon of- bhe armatme are Imma-

~ terial.

40

45

current; but the secondary current may be

taken off either as constant potential or as
‘Whensupplyingalternat-
- Ing current to the primary brushes, I prefer |

constantcecurrent.

to sunply the same in the form of constant
potential.

I am awmeﬂ tha,t many a,nd 1mp0rtant' |

changes may be made in my apparatus as

.herem deseribed.  For instance, the arma-

ture may remain sta,tmnary and the primary
and secondary brushes may be caused to ro-

tate over their appropriate contact ring or |

rings, or the primary and not the seconda,ry

brushes may be adapted to have thelr pos1—- :

~In continuous to eontmuous tla,nsforma-'_ ;
‘ton I prefer to supply the continuous current
“to the primary brushes in the form of constant

“tion.

‘made without departing from my invention :
and are _1ntended to be covered by theclaims

tions luplon their contact- rings -chanﬂ'ed ab
will, or other and different means may be e -

ploved to rotate the armature in synchronism -
with the phase displacement of the primary

current. Moreover, I do not wish to be un-
derstood as conﬁmncr myself to the nse of
only one pair or set of primary or secondary
brushes, for in proper cases more than one
pair of each may be used to form what is com-
monly known as the ‘‘multipolar” connec-
All these changes may, however, be

below.
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Having fully deserlbed my mventmn what

I claimas new, and desire to secure by Letters |
Patent of the United States, is—

1. In a rotary transformer an armature

segments connected at intervals to said coil,
primary brushes conveying current from an
outside source to said armature through said
commutator, secondary brushes conducting
current from said armature, and means inde-

pendent of said armature for producing rota-

tion between said commutator and brushes.

2. In arotary transformer, a rotatable core.
‘wound with a c¢oil for both primary and sec-

ondary current, a plurality of commutator:-

sSegments conneeted at intervals to said coil;

primary brushes conveying ctirrent from an

outside source to said coil through said com-
mutator, secondary brushes éonducting cur-
rent from said 0011 and sepamte means for

rotating said core.

8. In arotary transformer, a rotatable core
wound with a coil for both primary and sec-
ondary currents, a commutator the segments

of which are connected at intervals to said
coil, primary brushes bearing upon said com-

muta,tor and conveying current from an out-

side source to said coil, secondary brushes

76

wound with a coil for both primary and sec¢-
ondary currents, a plurality of commutator-

75

90
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bearing upon said eommutator and conduct-

ing eurrent fromsaid coil, and separate means
for rotating said core.

In testimony whereof I have hereunto set
my hand and affixed my seal in the plesence

| of the two subscribing witnesses.

ROYAL EDWARD BALL [L 8. ]
Wltnesses

W. H. TAYLOR;
J SIDNEY BELL
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