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9 Claims.

This invention relates t6 means for transform-
ing electrical energy into electrical energy of a
different type, or into mechanical energy. The
invention refers more particularly to-electrical
machines provided with a stationary or rotary
pole-armature and to a new method of winding
the primary and secondary circuits carried by
said armature. .

An object of the present invention is the pro-
vision of inexpensive, durable and reliable ma-
chines for transforming direct or alternating cur-
rent into a single-phase or multi-phase alter-
nating current or direct current of any desired
voltage.

Another object is the adaptation of a machine
provided with a pole-armature carrying a pri-
mary circuit and a secondary circuit for trans-
forming direct current into a direct current of
any desirad voltage.

A further object is the provision of a new meth-
od for winding the secondary circuit on the pole-
armature of a machine, said method resulting in
an increase in electromotive forces developed in
the secondary circuit.

The above and other objects of this invention
may be realized through the provision of a sec-
ondary winding ecarried by the pole-armature
and having a piteh which is different from that
of the primary winding; preferably at least some
of the turns of the secondary winding are wound
in such a way that each of the last-mentioned
turns encircles two, three or more poles of the
pole-armature.

The invention will appear more clearly from
the following detailed description when taken in
connection with the accompanying drawings,
showing by way of example only, some of the pre-
ferred embodiments of the inventivé idea.

In the drawings:

Figure I shows a motor-generator partly in side
elevation and partly in a longitudinal vertical
section.

Figure IT shows the motor-generator lllustrazted.
in Figure I in g transverse vertical section.

Figure IIT is a front view of the iron sheets
forming the armature of the motor-generator
illustrated in .Figures I and II.

Figure 1V shows diagrammatically the wind-~
ings of the primary circuit carried by the
armature.

Figure V shows diagrammatically the windings
of the primary and secondary circuits carried by
the armature.

Figures Va, Vb and Ve are diagrams represent-
ing the changes in the magnetic flux and the

1 (Fig. IID) .

(CL 171—123)

electromotive : forces of the machine. illustrated
in Figures I to V.

Figure VI shows diagrammatically the primary:
and secondary circuits. of a machine for trans-
forming 'direct current into. a direct current of a - §
low voltage.

Figure VII shows diagrammatically a machine
for producing direct current of a high voltage.

Figure VIIT shows diagrammatically another
machine having rotor-pole windings, which are 10
connected with the windings of the stator poles.

Figure IX shows diagrammatically a machine
for-transforming alternating current into direct
current. .

PFigure X is a  transverse vertical section 18
through a motor-generator provided with a re-
volving armature.

Figure XI shows. diagrammatically the -pri-
mary and seconidary circuits of the motor-gener-

ator illustrated in Figure X. 20

Figures XIT and XIII are diagrams illustrating

two. different modifications of the machine illus-

trated in Figures X and XI.

Figure XIV shows diagrammatically another
modification of the motor-generater having a re- o5
volving armature.

Figure XV shows a stationary transformer pro-
vided with a secondary winding -having a differ-
ent pitch from that of the primary winding.

The motor-generator illustrated in Figures I to 30
V of the drawings is used for transforming direct
current into a two-phase alternating current; it
consists of a stationary armature, or stator, hav-
ing eight long and narrow poles and a rotor pro-
vided with four poles. Obviously, the number of ‘35
poles may be varied at will. - The stationary pole-
armature is formed of insulated sheets 28 of soft
iron, as shown in Figure III.. The sheets 28 are
carried by bolts 21 (Fig. II) passing through holes
The stator is assembled in the usual 40
manner. --The space 3 ‘between two adjacent
stator-poles 23 (Fig, ITD) should be wide enough
to permit -the insertion .of the windings of the
primary circuit 8 and of the secondary circuit 4.

The rotor 17T of the motor-generator. is illus-.45
trated in-Figures I and II of the drawings, and
is provided with four poles 16. The rotor (7 is
mounted on a shaft 18 and is rotatable along with
this shaft.- A pair of insulated slip-rings 18 and
another pair of insulated slip-rings 14 are also 50
mounted on the shaft {8, and rotate together
with this.shaft. The slip-rings 14 are rotatably
connected at b with the pole winding 1 of the
rotor i1, In the modification illustrated in the
drawings, the pole windings T of the rotor 17 are §5
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connected in parallel with the primary wihdings
Obviously,  the windings 6 and
T may be connected to different sources of energy
or: inferconnected in series or in compound.

A source 22 of direct current shown diagram-
matically in Figure I is connected by conductors
{4 with a pair of stationary brushes i85, which
press against the two rotary slip-rings 4. Thus
an electrical current is sent from the source 22
to the pole windings 7 of the rotor; so that the
poles 1§ become magnetized and produce g mag-

netic field, the lines of which pass through the

primary circuit:§ and the secondary circuit 4 of

“‘the stator.

A stationary commutator:8 surrounds the shaft
{8 and is provided with a number of conducting
segments, which are insulated from .each other,
A rotary brush carrier 19 is rigidly mounted on
the shaft I8 and is rotatable along with said
shaft, - The brush. carrier 18 is provided with a
plurality of revolving . brushes .12, ‘which 'bear
against the segments of the stationary cominuta-
tor 9. The brushes 2 are connected at a with
theslip-rings {3. Stationary brushes {0, the ends
of which press against the stationary . slip-rings

© 18, are connected with the source 22 of direct

‘current by conductors 2.

The direct current is thus sent from the source -
- 22 through the conductors 2 and the stationary
brushes 18 into the revolving slip-rings. 3.

From
the slip-rings 13:the current passes through con-
ductors o and the revolving brushes {12 into the
Conductors 8 connect

the stationary commutator § with the primary
windings 6 of the stator.:

As shown. more clearly in Figure IV. of the
drawings, the primary windings, or the primary

-cireuit. 6, carried by the poles 28 of the stator

cousists of a number of coils 24.” The primary
windings-of éach pole 23 are formed of a num-
ber of coils 24, which are situated one above the
other and at g certain distance from each other.

Each coil 24 has two ends 8 connected to separate -

segments of the commutator9. - -

The primary circuit 8§ is wound in the follcwmg
manner:

One-end of o coil 24 is joined to a segment of
the commutator 9.© The other end of.the same
coil -24 is joined to an adjacent segment of the
commutator . 9.- An end of - an adjacent coil,
which coil is situated either immediately below or
above the first-mentioned coil on the same pole,

-is-joined to the same segment, to which the near-
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est end of the first-mentioned -coil is’ connected:
This arrangement is repeated until the winding

-of the primary circuit -8:is completed. Segments

of the commutator 9, which are connected with

"coils carried by one pole, are situated at a pre-

determined distance from - corresponding seg-
ments connected with the coils carried by an ad-
jacent pole, said distance being proporitional to
the angle between these two poles. After the
winding of one pole has been completed, the

end of the first coil of the adjacent pole is con-

nected with that segment, which is also con-
nected with the nearest end of one of the coils
carried by -the first-mentioned pole.
the coils 28 carried by the pole 23 are intercon-
nected inseries.. Due to this arrangement a
great part of -the effects of self-induction  is
avoided and sparking is eliminated fo a- rema,rk-

‘able extent.

‘The coils 24 are: wound in such a manner that
groups-of poles are formed, which have the same
sign. In the modification illustrated in Figure

Thus all -
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IV, two adjacent poles have -the same sign, buf
the next two poles have the opposite sign.. The.
poles 23 of the stator are thus divided into pairs
of poles, each pair having a different sign from
that of the adjacent pair.. The direction of the: j
current flowing through the primary winding 6

is illustrated by arrows in Figure IV.. ‘The mag-
netic poles 28 attract the adjacent poles (1§ of the
rotor §7 thus causing-a rotation of the rotor 7.
Since the brush carrvier 19 and the slip-rings 1370
and. {& are rigidly mounted on the shaft 18, they .

“will rotate along with said ‘shaft, so that the

brushes 12 will.rotate along with the rotor IT and
will slide with respect to the stationary commu-:
tator 8. -While the brushes 12 pass by -the seg-15
ments of the commutator, they will reverse the
polarity of the poles 23 of the stationary arma-
ture. Due to this arrangement the rotor I1-and
the field of the stationary armature W111 revolve
w1th a- predetermined speed.

The arrangement-of the windings of ‘the sec-
ondary circuit 4 is diagrammaticaliy illustrated
in Figure V.of the drawings.. As shown in that
figure, the piteh -of the secondary. windings  is
much greater than the piteh of the primary-wind-25
ings. - The secondary. circuit & consists of wind-~
ings divided inito g plurality of coils, the turns of"
which encircle or surround two of the poles 23.
In the illustrated modification the .winding is
wound twice around a pair of poles.. Each turn 30
of a coil surrcunds both poles, and an adjacent

20 -

“pair of poles is surrocunded by another turn of the: -

same winding. © Since a two-phase alternating
current is required at the secondary side of the
machine, the secondary circuit 4 consists of two: 35
separate windings, one winding being situated at a
distance of one pole from the other winding. The
windings of the primary circuit 8, which is con-
nected by conductors 8 with the stationary com-
mutator 9, have a smaller pitch than that of the 40
secondary windings, since the coils of the primary
circuit 6 surround each pole 23.

While the magnetic field of the rotor {71 is
revelving, the lines of forces of that fisld cut the
windings of the secondary circuit 4 with the result 45
that an electromotive force is. produced in the
secondary circuit 4. Another electromotive force
is created in the secondary circuit 4 by the revolv-
ing magnetic field of the.stator.. The total elec:
tromotive force induced in the secondary. circuit 50
& is thus created firstly by the changing of the
signs-of the poles 23 of the stationary armature;
and secondly, by the revolving magnetic field of

‘the poles 15 of the rotor 17.

Since each turn of the secondary winding 4 55
encircles two poles 23 of the stationary armature,
and since these windings fill in the space 3 be-
tween the poles 23, cne-coil of the. secondary
winding & is subjected to four Varia,tions_ of the
magnetic flux in one-half cycle. This is due to 60
the fact that the poles, which are encircled by B
the coils of the secondary circuit 4, form a pair,
the polarity of which is reversed- twice- during -
one-half cycle: once the sign of one of the poles, L
forming the pair is reversed, and the second time 65
the sign of the other pcle of the pair is reversed.
Consequently, - the .entire - electromotive force
caused by the continuous changing of the signhs
of the poles 23 of the armature, is induced four
times in each coil  of -the -secondary .circuit 4 7o
during one complete revolution of the rotor.

Figure Va' illustrates diagrammatically the-
changes in the electromotive. forces induced in
the motor-generator illustrated in Figures I to V.
of the drawings. -The electromotive force induced 75
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by the magnetic field of the rotor is represented
by the ouber circle; the magnetic flux varies be-
tween a positive maximum value and a negative
maximum value. The values of the electromotive
force created by the changes of sign of two poles
encircled by a turn of the secondary winding, are
represented in Figure Va by four inner circies. It
should be noted that the last-mentioned electro-
motive force is changed twice to a positive value
and twice to a negative value. .. -

Figure Vb is a diagram of the electromotive
forces, showing changes of the values thereof in
the course of one revolution of the rotor. The
broken curve 28 represents the electromotive
force or voltage developed in the primary circuit
6. The electromotive force induced by the mag-
netic field of the rotor IT in the secondary cir-
cuit 4 is represented by a sinuscidal curve 27.

The curve 27 would have represented the entire
electromotive force if the machine had no pri-
mary circuit § at all, so that it would operate only
as.a dynamo. However, due to the fact that the
poles 23 of the stator produce a revolving mag-
netic field, another electromotive force is devel-
oped within the secondary circuit 8, which is
represented by the curve 28 in Figure Vb. Asil-
lustrated in that figure, the values of the. elec-
tromotive force represented by the curve 28 vary
from zero to a maximum value, then to zero, then
again fo the maximum and then again to zero,
while the values of the electromotive force repre-
sented by the curve 27 vary.once, from zero to a
maximum and then again to zero.

These curves illustrate that the electromotive
force induced by the changing of the signs of
the poles 23 of the stationary armature is not
reversed in the course of one-half cyele. This
is caused by the fact that one and the same turn
of the. secondary winding is subjected to another
inductive action during the same half-cycle, due
to the change of the sign of the second pole of
the pair of poles encircled by the turn; this sign
is changed at a time when the electromotive force
induced by the first pole is reversed. The com-
bined inductive action caused by the reversal of
the signs of .the poles 23 is represented by the
curve 28 illustrated in Figure Vo.

Due to this feature, the induced electromotive
force developed in the secondary circuit is greater
than that of the primary circuit, although the
secondary circuit has a smaller number of con-
ductors and turns. Another reason for the in-
crease in voltage is that the pitch of the primary
winding is much' shorter than the pitch of the
secondary winding. In order to enable the pri-
mary winding to develop its normal counter-elec-
tromotive force, the rotor will make more revolu-
tions than would have to be made if a full-pitch
winding were used, provided that. the machine
runs on direct current. A quickly rotating rotor
will cut more lines of force and this will con-
tribute to the increase of the voltage in the sec-
Obviously, if the machine runs
on alternating current, the magnetic field must
be strengthened in order to- develop its normal
counter-electromotive force, and this will con-
tribute to the increase of the secondary voltage.

The diagram illustrated in Figure Vc of the
drawings, is based on the generally known prin-
ciples that the average voltage is proportional to
the sine of the angle, through which the coil has
turned from the position in which it lay across
the field, and that the total amount of voltage is
proportional to the rectangular area; which is
equal to the sum- of the areas limited by the

3
sinuous curves, the tofal amount of voltage being
therefore proportional to the average height of
the points along that curve. .

- In Figure Ve the line o’ b’ represents the aver-
age voltage of the direct current flowing in the
primary circuit 6, The rectangular area, o I'd e
is equal to the area limited by the positive portion
of the curve 21 representing the positive electro-
motive force induced by the magnetic field of
the rotor 171." The rectangular area a” ¢ h d is
the sum of the areas limited by the positive por=
tion of the curve 28, representing the positive
electromotive forces induced through the chang-
ing of the sign of a pair. of stator poles 23 encir-
cled by turns of the secondary winding.

The rectangular area I ¢ ki e is the sum of the
above-mentioned two areas. Consequently, the
line ¢ I represents the average positive electro-
motive force.

In the same manner, the area [ b’ ¢ f.is equal
to the area limited by the negative portion of the
curve. 27 representing the negative electromotive
force induced by the rotor 17. The area b’ d i ¢
is the sum of the areas limited by the curve 28
representing the negative electromotive force
induced by the change of the sign of a pair of
poles 28. The area [ d % fis the sum of the two
above-mentioned areas, and the line I d repre-
sents the average negative eleciromotive force.

"The line ¢ d is, therefore, proportional to the

difference of potentials of a phase current. gen-
erated during one cycle.

Assuming that both the primary and secondary
circuits  have an equal number of turns and
neglecting the énergy losses in the armature, the
average increase in the voltage of the secondary
cirenit as compared to the voltage of the primary
circuit, is given by subtracting the line o’ b’ from
the line ¢ d. Since the windings of the secondary
circuit: 4 for all phases are exactly alike, a sim-
ilar current will be generated in each phase wind-

ing; and since the two systems of windings are:

placed one-half cycle:apart from each other, the
generated current will be the usual two-phase
current.

If a single-phase alternating current is desired,
the second phase may be left open; it is also pos-
sible to connect the two phase windings in series.

The . direction of the current flowing in the
primary and secondary ecircuits is illustrated by
arrows in Figure V of the drawings. It will be
noted that at a certain time, the conductors car-
rying  the current of one phase will have no
demagnetizing effect on the poles of the arma-
ture. - This takes place when the induced current
flows between adjacent poles having the same
polarity. : This effect with those already described
increases the efficiency of fhe described motor-
generator.

The efficiency of the motor-generator may he
further increased by increasing the length of
the armature, -since  the counter-electromotive
force is produced mainly by self-induction, and
self-induction - is proportional to the square of
the number of turns.

The device illustrated in Figures I to V is used
for transforming direct current into a two-phase
alternating current. The modifications shown
in Figures VI and VII of the drawings illustrate
a motor-generator. transforming direct. current
into a- direct current of a different voltage and
amperage, For that purpose two different sta-
tionary commutators are used, one of which
sends the incoming current into the primary
winding of the stationary armature. The second
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cecmmutator is conrecfed with - the secondary

“producing a

winding and iz used for collecting the secondary
current.

Pigure VI 'illustrates diagrammatically the

windings of a machine used for the production
¢f a direct current of a low voltage; it comprises
& statichary. armature having poles 22, carrying
the primary circuit 33 and the secondary cir-
cuit. 34, The rotor iz diagrammatically repre-
sented by the rotary poles'29. The direct cur-
rant is supplied by a source of energy not shown
in the drawings, and flows through stationary
brushes - 3§, which are pressed against rotary
slip-rings - 38. ~ The- slip-rings - 38 are - rigidly
mounted on the rotor shaft, which is not shown
in' the drawings. “The rotary slip-rings 33 are
connected by conductors 371 with the rotary
brushes 3% pressing against the segments of the
stationary cemmutator 35, The ends of the pri-
mary circuit 338 are connectsd with the uegmpnts
of the stationary commutator 36.

The primary circuit 33 is wound in the fol-
lowing manner:

The two ends of a.coil smloundmg one -pole
32, are .connected  to. adjacent segments. =~ An
adjacent end of a coil wound around the nearest
pole is connected to. the same segment, to which
the nearsst end- of the coil carried by the first-
mentioned pole is connected. . This arrangement
is repeated, so that the coils carried by the poles

- 82 and forming the primary circuit 33, are inter-

connected in series,

The secondary circuit “S is wound in the fol-
lowing manner:

Cne end of a wire is connected to a segment
of o second stationary commutator 3. Then
the wire is led around two poles back to the
commutator 88 and is connected to the adja~
cent segment of that commuibator. Another wire
is connected to the sescond-mentioned segment
of the .commutator 33, and is again led around
two poles. It will be nioted that each turn of the
secondary winding encircles two poles 32. How-
ever, each turn is situated at a distance equal
to-one pole from fthe adjscent turn. Due to this
arrangement: the beginning of one turn and the
end of another turn ars pass'=d along two: sides
of the same pole.

Retary brushes 49 press agamst the segments
of the stationary commutator 38 and are con-
nected by conductors 41 with. the rotary. slip-
rings 42,
rotary slip-rings 42, and are used-for collecting
the secondary current.

The device illustrated in E‘lgure VI'is used for
direct current having a low voltage.
The device illustrated in Figure VII may be used
when the secondary direct current should have a
higher voltage. The same parts are indicated by
the same numerals in the figures. -

It will be noted that the secondary circuit 44
shown in Figure VIis wound in siich a way that
each turn or coil surrounding a pair of adjacent
poles -is -connected 1o two adjacent segments of
the commutator 38, This is done; because if the
voltage is small the kalf—mduction will not have
a sericus disturbing effect during the commuta-
tion of the current,

Iigure VII shows diagrammatically the system
of -secondary windings for generating . a high-
voltage direct current. "To prevent sparking, the
commutator 45 is divided into a large number of
segments.  The secondary circuit 44, consists of
a numper of windings surrounding. a pair of ad-
Jjacent poles, each winding being subdivided into

Stationary brushes 42 press against

2,021,177

‘3 plurality of separate turns; the turns of the

same windings. surrounding - the same - pair: of

poles.” ‘As shown in Figure VII the adjacent ends-
45 of the turns forming one winding, are con=

nected to separate adjacent segments of the com-
mutator 8. If, for instance, a winding surround-

ing two adjacent poles consists of three separate-

turns, then one turn of that:winding is connected
to the first and third segments of the commutator
46.. The second turn-of the same winding is then
connected to the second and fourth segments of
the commutator 48. The third turn of the same
winding is connected to the third and fifth seg-
ments of the commutator 46.

This arrangement is repeated until'all the turts

"of the secondary winding are connected with. the

commutator 46. The machine operates in sub-
stantially the same manner as that 111ustrated in
Figure VI.

Figure VIIL illustrates an arrangement  used
when a series-wound: field is desired. . The rotor
of a- machine is provided:with a number of poles
47 having a pole~winding -48. The shaft of the
rotor; which ‘is not shown in the drawings; car-
ries g pair of slip-rings 42 and 50, which are ro-
tatable along with this shaft. . Theée machine is
zlso provided with two rotary brushes 5{ and 52,

100

200

pts

The rotary brush 5{ is electrically connected with

the slip-ring 48, while the rotary brush 52 is elec-
trically connected with the end B2 of the rotor-
pole winding 48. The other end 54 of ‘the rotor-
pole winding €8 is connected with the rotary slip-
ring B8.
slip-rings 49 and §8. _

- The stationary armature comprises a number
of poles 37 carrying the primary circuit 58, which
congists-of & numbar. of coils,: éach one of which
surrcunds a separate pole BT.. The adjacent ends
of two -adjacent coils are connected o the same
segment of ‘a commutator 95. The secondary
circuit 58 consists of two phase-windings, each
one of which comprises a number of turns en-
circling adjacent poles 87, -One turn, surround-

~ing a pair of poles: forms a continuation of an-

other turn surrounding a pair-of adjacent. poles.
It will be noted that the pole-winding &8 of the

" rotor 47 is connected in series with the pole-wind-~

1r=g &8 of the stator.

t is obvious that a compound Wlndlnp“ may . also
be usnd by combining this winding in series with
the winding in parallsl described in eonnection
with the machine illustrated in Flgures I to Vi of
the drawings.

This machine may be used as an ordinary eléc-
tric motor, irrespective as to whether the wind-
ings creating the magnetic field are excited sepa-
rately or are wound in parallel, or. in series, or

30

Stationary brushes 55 press against the -

35

40

45

are compound wound. . To-use the machine as a~

motor, the secondary circuit -may -he left open,

or it may be omitted altogether. The torque. of
this motor is due to the magnetic- pull between
the poles of the stator -and the poles-of

for transforming a two-phase alternating current
into a direct current. 'The pole.winding 58, which
transmits the primary alternating current, is car-
ried by the poles 68 of the stationary armature;
two coils carried by separate poles are connected
with each other and the ends of these coils are
joined to a source of current not shown in the
drawings,

coil carried by one of the poles 60 is connected

‘with another. coil ‘carried by a pole which is sit-

"The coils are wound in uniform layers,:
each coil having the same number of turns. "OCne:

the rotor. -
Figure IX illustrates a rotary transformer used

70

78
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uated at a distance of one-half cycle from the
first-mentioned pole.

The secondary winding 61 consists of turns,
each one of which encircles two.adjacent poles.

" The turns are connected to segments of a commu-

tator 62, in such a way that all turns appear to be
interconnected in seriss. Rotary brushes 65 are
connected with rotary slip-rings 84 carried by the

rotor shaft, which is not shown in the drawings.
‘Stationary brushes 63 press against the slip-rings

64 and collect the direct current passing through
these slip-rings.

The primary alternating current creates a re-
volving magnetic field, which will attract or re-

-pulse the poles 96 of the rotor, so that the rotor

will be caused to rotate. The rotary field of the
stationary armature and the magnetic field of
the rotor will produce an electromotive foree in
the secondary circuit with the result that an

‘alternating current will flow through these wind-

ings and will be transformed into a direct current
by the commutator 62. ‘
Due to this arrangement alternating current

of ~a very high voltage, for instance 12000
'volts, may be transformed into direct current of

a very low voltage, for instance 25 volts, with-
out the necessity of using any auxiliary de-
vices.

The machine illustrated in Figure IX may be
‘used as a synchronous alternating current mo-.

tor. This is accomplished by leaving the sec-
ondary circuit open, or by omitting the sec-
ondary circuit altogether.

Instead of providing. a stationary armature

rand a rotating magnetic field, it is obviously pos-

sible to construct a rotary- armature and sta-
tionary magnets. 'This arrangement is illus-

trated in modifications described in Figures X to

XIV.

Figures X and XI show a motor-generator pro-
vided with a rotating armature carrying the pri-
mary and secondary circuits and used for gen-
erating a three-phase alternafing current. -The
stator 68 is provided with four elongated poles
87 carrying a pole winding 68. The rotor carries
twelve long and narrow poles 67 provided with
a pole winding 69. The winding €9 is arranged
in such & manner that the twelve poles 67 of the
rotor are divided into groups of three poles

“each, poles of the same group having the same-

sign, although this sign is different from that of
the poles of the adjacent groups.
© Obviously, the number of the poles of the
stator and the rotor may be varied at will,

A commutator 70, consisting of a number. of

segments, is mounted on the shaft of the. rotor

and. is rotated along with that shaft. The pole
winding 88 of the stator poles 97 may be excited

separately or may be interconnected in any suit-.

able manner.  The primary circuit 69 carried

by the rotor poles-87 is connected with the seg-
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ments of the rotary commutator 78 (Fig. X1).

The end of each coil, carried by =a separate
pole 87, is connected to the same segment, to
which the adjacent end of the coil carried by
the. adjacent pole is connected: .The winding of
the primary circuit 698 is substantially the same
as that of the machine illustrated in Figures X
to -V of the drawings. ‘

The direct current is supplied by a source of
energy not shown in the drawings. The station-~
ary brushes Ti, press against the segments of the
rotary commutator 78, . The current flowing
through the rotor-pole  winding or - primary
winding 69, creates a magnetic field, which will

5

cut the-lines of the magnetic field created by
the poles 971 of the stator., The resulting re-
pulsion - or. attraction will-cause the rotation of
the armature. i

The polarity of the poles 67 of the rotor will

be reversed when the stationary brushes Tl will -

come in contact with other segments of the com-
mutator 70.  Thus the rotor will be driven stead-
ily and continuously by the magnetic forces.

The secondary circuit, carried by the rotor
consists of three separate windings 12, 73, and
14, In the course of the rotation of the rotor,
these windings will cut the lines of the magnetic
field created by the stationary poles 87, with the
resuit that an electromotive force will be induced
in these windings. The electromotive force will
be increased by other electromotive forces caused
by the continuous.changing of the polarity of
the poles 81 of the armature.

Since. the windings of the secondary circuit
consist of three groups situated at a distance of
one third of a cycle from each other, the current
flowing  through them will be the usual three-
phase alternating = current. The three phase
windings 12, 73, and 74 may be joined at 16, to
form a star-connection. The current flowing
through the secondary circuit is collected by
stationary brushes 98 pressing against the rotat-
ing slip-rings 75 (Fig. X), which are mounted on
the shaft of the rofor. As shown in Figure XI,
each secondary winding is formed by passing a
wire twice around a group of three poles 67 and
then winding it twice around the adjacent group
of three poles. Obviously each phase winding
may consist of any desired number of turns.

The electromotive forces induced in the sec-
ondary circuit are substantially similar to those
developed in the secondary circuit of the ma-
chine illustrated in Figures I to V of the draw-
ings. - ‘The two electromotive forces produced by
the magnetic field of the stator 86 and by re-
versing the polarity of the rotor poles 67 are
added to each other. ' In this machine also there
is a time, during which the electric current flow-
ing through the secondary circuit will have no
demagnetizing. effect on the pole winding  69.
This occurs when the secondary current is flow-

‘ing between poles having the same polarity as

shown by arrows in Figure XT.

Figure XII shows a modified form of the ma-~
chine illustrated in Figures X and XI of the
drawings. - The machine shown in Figure XIT
may be used for transforming a direct .current
into another direct current of any desired volt-
age and amperage. The direct current on the
primary side is supplied by a source of energy
not shown in the drawings, to a pair of sta-
tionary brushes 80.
tact with the segments of a rotary commutator
81.  The revolving armature of this machine
is provided with a number of poles 83 carrying
a- pole winding 82.  The pole winding 82 is*di-
vided into a number of coils, each coil being
carried by a separate pole 83. The end of each
coil is -connected to that segment of the com-
mutator 81, to which the adjacent end of the coil
carried by the adjacent pole is connected. Due
to. this arrangement, the various coils forming
the primary circuit 82 are connected in series
with each other. )

The secondary circuit T8 consists of a number
of windings joined: to the segments of another
revolving commutator 79. In the modification
illustrated in Figure XII, each turn of the sec-
ondary winding encircles three poles 83. One

The brushes 80 are in con-~
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“tator 85 having a large number of segments.

p

commutator: 19, while the other end of the same
turn'is conneeted to the adjacent segment of the
commutator 79." - The adjacent endof the next
turn is connected to the second-mentioned seg-
ment of the commutator. 18, while the other end
of "that turn-is connected to the third segment
of the commutator. Statiohary brushes 88 press
against the segments:of the commutator 79 and

“are “lsed for collecting thé secondary current.

The stationary magnetic field. is indicated dia-
grammatically by the two poles 99.

- The machine Jllustrated in PFigure XIIT is used
for- generatmg a current of a high voltage. This
maching is somewhat similar- to that shown in
Figure XII, the main différence consisting in the
use of a secondary circuit 84 wound in a differ-
ent way, and in the provision of a rotary commu-
The
secondary circuit 84 consists of & Iarge number
of separate windings, each turn of a winding en-
circling a group of three adjacent polés. One end
of & turn, encircling three poles, is joined to one

segment of the commutator 85, while the other:

end of the same turn-is joined to the adjacent
segment of .the commutator 85. The adjacent
end of a second fturn is joined to the second-men-

tioned segment of the commutator 8% and then:

the wire'is wound around the same poles around

‘which the first-mentioned turn was wound; ‘The

other end of the second-mentioned turn is joined
The
next two turns are wound around a group of thiee

-poles, two of which: are the poles belonging to

the first-mentioned group.

The machine operates in substantially the same
manner as that illustrated in Figure XIL . The
direct current -of the  primary. circuit: passes

- through stationary brushes 82 and through the
40

rotary -.commutator 81 into the pole winding 82.
Due to the rotation of the commutator 81, the
direction of the current. will be reversed in the
course ‘of the rotation of the armature, with the

- result that an electromotive force will be induced
in the secondary -circuit. 84.

created by the stationary poles 99 will produce
another electromotive force in the secondary cir-
cuit- 84, and: the two electromotive forces will
be added to each other. The secondary current

“will be eollected from. the commutator 85 by the

statlonary brushes 98.

Figure XIV shows a-secondary mrcmt 8] con-
SJStmg of “windings encireling groups of four
poles. © After one end of a turn has been joined

- to. & segment of the commutator 78, the wire is
“passed around four poles and the other end of-
~this turn is joined to:the adjacent segment -of

" “the commutator 19 'Theé end of the next turn

60
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is ‘joined to-the third segment of the commutator
79.  ‘Then this wire is passed .around four poles,
three of which were surrounded by the first-men-
tioned turn, and the other end of the second-
mentioned turn is joined to- the fourth segment

~of the commutator 78§,

The primary direct current is supphed from a

source of energy not shown in the drawings to
“stationary brushes 88, which press against the

rotary” commutator 81, The ~current . passes
through the primary winding 83 and the direc-

“tion of the current is reversed in: the course of

rotation of the commutator 8i.  The secondary
current is induced in theé secondary circuit 87 by
the stationary magnetic field 29 and the contin-
uous: reversal of the signs of the poles 85, The

“secondary current, is collected by the brushes 88

-tive actions of the phases.

The magnetic field:

3,021, 177"

end of a turn is connécted to one segment of the’

pressirig against the segments of the 1otary com-="
mutator 79.

C'The above-described machlne inay be used as
ah ordinary molor by leaving 'open the secondary’
circuit, or by omlttlng this secondary circuit alto- - 5-
gether. ..~

Figure XV shows dlagrammatlcaﬂy a statlon—-
ary transformer constructed-in accordance with-
the principles -of this invention and used” for™ .
transforming a.- two-phase -alternating  current. 16°
This transformer 1s formed of insulated soft-iron -
sheets 82 provided with concentri¢ projections:
or poles 88, which project towards the .center.of
the device. ‘The primary circuit 99 is formed of™ -

a plurality of uniform layers of conductors wound 1550
on each of the poles. 89 and connected:in such®
a way that one end 94 of a coil is connected with:
the end of a ccil carried. by a pole situafed in
the opposite .quadrant.  The space between the -
poles -89 is-filled by a central part 82, which con- 207"
sists ‘of lamihated iron and which fits snugly' :

Vbetween the ends of the poles 28.

The:secondary circuit consisis of two separate
windings 93 and 94, each of said ‘windings-encir-
cling two poles of the transformer. The end 8% 95 =
of one winding is connected with the end of &
winding situated on the opposite side of the trans—
former.

Due to this arrangement each of ‘the second-’
ary windings is subjected to the variations of 30
the magnetic flux produced by the two-phase al-
ternating current supplied to the primary wind-
ing 98. ‘Each winding is subjected to two induc-
Consequently, there -
are four inductions for each winding in one cycle. 35
The efficiency. of this transformer is quite high;
and this'is caused particularly hy the joint effect -
of the overlapping electromotive forces.

Having fully deseribed the: structure, the sys-
tem ‘and function cf ‘my electrical apparatus I 40
claim as my invention:

1. In combination; a stationary armature hav-
ing a plurality.of poles, a. pole winding for said
poles, a stationary commutator having segments

connected with the ends of said pole winding, 48 =~

means in contact with said commutator for-sup~
plying a current thereto, a secondary winding car-
ried . by -said stationary armature, each:one -of

'at Jeast some of the turns of said secondary wind-

ing surroundlng a plurality of said poles, a rotor 50 -
having s plurality of poles, apole winding for

_the poles of the rotor, and meansg connected with

the second-mentioned: pole wmdlng for supplymg
a current thereto. :
2. In combination, 2 statlonary armature hav-585"
ing a plurality of poles,; a separate pole winding-
carried by each of said poles, a stationary com- -
mutator- having segments connected with -said” -
pole winding, a rotor having a plurality of poles, .
a shaft carrying said rotor and rotatable there- 80
with, a current—transmlttmg device mounted. on -

-and rotatable along with said shaft and having:

brushes pressing against’ said. commutator; sta=
tionary ‘brushes- in: contac:, with said’ current-

transmitting device, & secondary. circuit carried 65

-. by said stationary armature, said secondary cir- *

cuit: consisting -of * a- plurality - of separate. coils,
each turn of a coil surrounding at least two of

the first-mentioned poles; a pole winding for the 70
proles of .the rotor, slip-rings mounted.on and ro~ :
tatable along with said: shaft, said slip-rings be~ "
ing connected with the second-mentioned pole.. =
winding, stationary brushes in contact with said:"
slip-rings, and a source of direct current-con- 45"~
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nected with: the first-mentioned and the second-
mentioned stationary brushes.

3. In combination, a stationary armature hav-
ing a plurality of poles, a separate pole winding
carried by each of said poles, a stationary com-~
mutator having segments connected with said
pole winding, a rotor having a pluralily of poles,
a shaft carrying said rotor and rotatable there-
with, a current-transmitting device mounted on
and rotatable along with said shaft and having
brushes pressing against said commutator, sta-
tionary brushes in contact with said current-
transmitting device, a pole-winding for the sec-
ond-rentioned poles, slip-rings mounted on and
rotatable along with said shaft, said slip-rings
being connected with the second-mentioned pole
winding, stationary brushes in contact with said
slip-rings, and a source of electrical energy con-
nected with the first-mentioned and the second-
mentioned stationary brushes.

4, In combination, a stationary armature of
laminated soft iron and having a plurality of
poles, a stationary commutator, a separate pole-
winding carried by each cf said poles, the wind-~
ing of each pole consisting of a plurality of coils
separated from each other and having separate
ends connecied to the segments of said commu-
tator; a rotor having a plurality of pcles, a shaft
carrying said rotor and rotatable therewith, a
current-transmitting device mounted on and ro-
tatable along with said shaft and having brushes
pressing ‘against said commutstor, stationary

rushes in confact with said current-transmit-
ting device, a pole winding for the second-men-
tioned poles, slip-rings mounted on and rotatable
along with said shaft, said slip-rings being con-
nected with the second-mentioned pole winding,
stationary brushes pressing against said slip-
rings, and a source of electrical energy connected

‘with the first-mentioned and the second-men-~

ticned stationary brushes.

5, In combination, a stationary armature of
laminated soft iron and having a plurality of
poles, a stationary commutator, a separate pole
winding carried by each of said poles, the wind-
ing of each pole consisting of a plurality of coils
separated from each other and having separate
ends connected to the segments of said commu-
tator; a rotor having a plurality of poles, a shaft
carrying said rotor and rotatable therewith, a
current-transmitting device mounted on and ro-
tatable along with said shafi and having brushes
pressing against sald commutator, stationary
brushes in contact with said current-transmit-
ting device, a secondary winding carried by said
stationary armature, said secondary winding con-
sisting of a plurality of separate ceils, each turn
of a coil surrounding at least two of the first-
mentioned poles; a pole winding for the second-
mentioned poles, slip-rings mounted on and ro-
tatable along with said shaft, said slip-rings be-

7

ing connected with. the second-mentioned pole
winding, stationary brushes pressing against said
slip-rings, and a source of current cohnected with
the first-mentioned and the second-mentioned
stationary brushes. . 5

6, In combination, a stationary armature hav- -
ing- a plurality of poles, a separate pole-winding
carried by each of said poles, a stationary com-
mutator having segments connected with said
pole winding, a rotor having poles providing a 10
magnetic field, a. rotary current-transmitiing de-
vice adapted to be connected with a source of cur-
rent and. having brushes in contact with said
commutator; a secondary winding, at least some
of the turns of said secondary winding surround- 15
ing a plurality of the first-mentioned poies, an-
other stationary commutator, the turns cf said
secondary winding being connected with the seg-
ments of the second-menticned commutator, and
a rotary current-collecting device having brushes 20
in contact wtih the second-mentioned commu-
tator.

7. In combination, a stationary armature hav-
ing a plurality of poles, a pole winding carried
by said poles and adapted to be connected to a 25
source of electrical energy, & secondary winding,

a stationary commuitator having segments con-
nected with the turns of said secondary winding,
said turns encircling g plurality of said peles, and

a . current-collecting device having brushes in 30
contact with said commutator.

8. In an electric machine, an armsature having
poles, a pole winding for said poles, another wind-
ing carried by said armature, each one of at least
some of the turns of the second-mentioned wind-~ 35
ing surrounding a plurality of said poles, other
poles, another pole winding for the second-men-
tioned poles capable of energizing the second-
mentioned poles to provide a magnetic field,
means providing a relative movement befween 4q

. the second-mentioned winding and the second-

mentioned poles, and means connected with the
first-mentioned pole winding for providing a re-
volving - magnetic field, the second-menticned
winding being within both said magnetic fields.
9. In an electric machine, a set of poles, an-

45

"~ other separate set of poles, a pole winding for

the first~-mentioned set. of poles, another pole
winding for the second-mentioned sef of poles,
means connected with the first-mentioned pole yo
winding for providing a revolving magnetic field,
means connected with the second-mentioned pole
winding- for providing a magnetic field, another
winding, each one of at least some of the turns
of the last-mentioned winding surrounding s plu- g5
rality of poles of the first-mentioned set of poles,
and means providing a relative movement between
the second-mentioned set of poles and the last~
mentioned winding, the last-mentioned winding
being situated within said two magnetic fields. gp
ANTONIO D’ANGELO.
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