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UNITED STATES

PateENT OFFICE.

CITARLES STEINMETZ, OF YONKERS, NEW YORK, ASSIGNOR TO THE GE\TTRAL

ELECTRIC COMPANY,

OF NEW YORK.

METHOD OF AND MEANS FOR INDUCING MAGNETISM IN MAGNETIC CIRCUITS,

SPECIFICATION forming part of Letters Patent No. 630,418, dated August 8, 1899.
Application filed August 31, 1891, Serial No. 404,265, (No model.)

To all whom it may concerr: ,

Beit known that], CHARLES STEINMETZ, &
subject of the Emperor of Germany, residing
in Yonkers, in the county of Westchester and

5 State of New York, have invented a certain
new and useful Method of and Means for In-
ducing and Controlling Magnetic Cireuits, of .
which the following is a specification.

The present invention relates to certain

1o novelmethods of and means forinducing mag-
netism in-magunetic circuits and utilizing the’
nmagnetism so developed for producing rota-
tion in alternating-current motive devices or
for transforming alternating earrents and at

15 the same time changing the phase relation of
the currents so transformed.

Theinvention will be hereinafter more par-
ticularly described as embodied both in a
novel form of alternating-current motor and

20 inspecial arrangements of transformers. In
the particular apparatus of both of these
types in which the invention is shown em-
bodied magnetism is induced in two or more
magnetic elrcmts by the combined magnetiz-

25 ing action of alternating single-phase electric
currents, serving as a primary execiting me-
diam, and secondary currents in aclosed cir-
cuitin inductive relation to the circuit of the
first-named currents, and the phases of mag-

3o netism in the magnetic circuits are controlled,
adjusted, or varied by properly proportioning
orvarying the relative magnetizing powers of
the currents upon the different magnetic cir-
cuits.  In other words, I can anddo vary the

35 time of the maximum phases of magnetization
in any one of the magnetic eircuits so that
it will occur at any predetermined time be-
fore or after the maximum electric phases of
the eleetric currents fed into the apparatus,

40 because the magnetic phases in the magnetic
circuits will eonform to the resultant of the
magnetomotive forces induced by the differ-
ent currents exeiting the ecircuits, and this
resultant will not conform in phase relation

45 toeither of the exciting-currentsalone. The

resultant magnetic phases can therefore be
made to differ to any desired extent from the
phases of the magunetizing-currents, such dif-
ferences being established by suitably pro-
so0 portioning the magnetizing powersof the dif-
ferent currents upon the several magnetic

circuits and by appropriately varying the
magnetic resistance of the seveaal magnetic
circuits, said resistance, with the lag of the
electric phases of the secondary ecurrents s5s
behind the electric phases of the primary
currents, enabling me to provide, in a se-
ries of magnetic circuits, a rotation of the
line of magnetization, as for certain types of
alternating motors, or with alternating cur- 6o
rents of a single phase or, indeed, any phase
relation to induce alternating currents of
different phase relation when said magnetic
circuits are employed, as in transformer‘

The novelty of the invention as set forth 6
in the claims is, however, in many respects
broader than the geneml description just -
given of the special embodiments of the in-
vention hereinafter to be described, and 1
refer to the claims forming part of this speei- 70
fication as setting forth generically, as well
as more specifically, what I believe to be the
points of novelty in the present invention.

Referring to the drawings, Figures 1 and 2
illustrate in two sections at right angles to 75
each other an alternating-current motor de-

signed to operate in accordance with the pres-

ent invention in which the armature is sur-
rounded longitudinally by the field - coils.
Fig. 2is taken on the section-line =, FFig. 1. 8o
Figs. 3 and 4illustrate intwosimilar sectional
views another form of alternating-current
motor. Iig. 4 is taken on the section-line vy

of Fig. 3. Fig. 5 is an end view of an alter-
nating-current motor in which the armature 8;
is surrounded by a field-magnet having mul-
tiple field-poles provided with a suitable ar-
rangement of field-coils. Tig. 6is a diagram-
matic view of the winding of the field-coils

of an alternating motor of the type herein de- go
seribed. TFigs. 7 to 12 illustrate the inven-
tion as applied to an alternating-¢urrent mo-
tor of small power—for example, one suitable
for use in connection with an electric meter.
Figs. 13, 14, and 15 illustrate an armature g3
well adapted for use in such meters. Fig. 16

is a diagrammatic illustration of the manner

of applying the invention to transformers.
Fig. 17 is a diagrammatie illustration of a se-
ries of transformers connected in tandem, as 100
will be hereinafter described; and Irig. 18 is

an illustrative diagram which will be referred
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to later on in describing certain of the elec-
trical actions involved in the invention.

I will first deseribe the form of motor illus-
trated in Tigs. 1, 2, and 6. The armature A
is in this machine the rotating element, and
it may be widely varied in character. As
here shown, it comprises a eylindrical massof
laminated magnetic metal mounted upon a
suitable shaft a, which may be provided with
a pulley or other means for transmitting its
rotative power. The iron forming the field-
magnets of this machine consists of two lami-
nated masses B I3, separated from eaclh other
on a line parallel with the axis of the arma-
ture by spaces, as indicated at D 0'. These
masses of magnetic metal are supported in
position by a suitable frame of non-magnetic
material, (best seen in Tig. 2,) having end
pieces ¢ ¢, connected by cross-bolts ¢' and
brackets ¢*, affording bearings for the arma-
ture-shaft. Iach of these masses of iron af-
fordsappropriate concave eheck faces or poles
dd and & &#. The cheek-faces dd’ are sep-
arated by a rectangular recess for the re-
ception of the sides of substantially rectangu-
lar field-coils, and the sameis trueof the faces

B dP; but the faces " and *and & and d are
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not only separated by similar rceesses, but
also by the air-spaces b 1'. Assuming now
that these masses of metal have been magnet-
ized, it will be seen that thereare four coéper-
ating magnetie eircuits, to wit: the first from
d to d' to the rear of the intervening recess
and including an appropriate portion of the
magnetic metal of the armature A, In this
circuit there is & minimum of magnetie re-
sistance, the latter only resulting from the re-
stricted annular air-spaces necessarily pres-
entbetween the cheek-facesand thearmature.
Second, in the maguetic cireuit from d' to *
special magnetic resistance is afforded by the
air-space 0. Third, from * to ¢ there is a
minimum resistance, as in the first cireuit,
and in the last or fourth eireuit, from « to d,
there is the same speeial resistance as in the
second cireuit, because of the air-space 0.
There is therefore in this machine a servies of
magnetie circuits, each one of which is be-
tweentwomagnetic eircuits which haveeither
a greaterorlesser magnetic resistance than it.

The magnetization of the field metal de-
pends upon the currents supplied to the coils,
which, as alveady stated, longitudinally sur-
round the armature A and have their sides
within the recesses between the cheek-faces.
These coils arc clearly indicated in Figs. 1
and 2, and they are divided into two groups
at right angles to each other. Althougheach
group inecludes four eoils considered as sepa-
rate structures, there ave in substance but
twocoilsin each group, the separation of each
coil into two parts being merely for securing
theirsymmetrical distribution acrossthe ends
of the armature and with relation to the ar-
mature-shaft. Two of these coils in each
group are in cireuit with a source of alter-
nating single-phase currents, whieh, for ex-

ample, entering at C, pass into one section of
coils D and then directly to the other section
D’, thenee around to a smaller coil D* to the
second section of this coil D% and thence ouf
at C'. The other two coils of each group aro
secondary coils in a closed circuit having a
resistance therein, as at R, the connections
being from R, through E to the coil I, thence
to coil I'', thence around to coil I'%, thenee to
coil I3, and by E' to resistance R.

The electrical organization of the field-coils
is diagrammatically illustrated in Fig. G,
wherein the subdivision of the coils is not
shown, but they are illustrated as divided
into two groups of two coils cach and ar-
ranged atb right angles to one another. The
alternating ecarrents enter at O, traverse the
large primary coil D, and thence through the
small primary coil D? at right angles to D,
and thenee out at C'. The large secondary
coil I'is placed alongside of the small primary
coil D* and the small secondary coil I* along-
side the large primary coil D.  The two see-
ondary coils are in a closed circuit with the
resistance R, as already deseribed. These
coils afford two sets of magnetizing-circuits
whose axes arc at right angles to one another,
the large primary coil D and small secondary
coil I affording cirvenits having a magnetie
axis in one direction and the large secondary
coil T' and the small primary coil D? eivcuits
having a magnetie axis at vight angles to that
ofcoils Dand I%.  Supplyingalternating clee-
tric currents to the primary coils D and D?
produces secondary currents in the coils F
and I and the strength of thesecondary cur-
rents is regulated or determined by the re-
sistance in the secondary cireuit. For illus-
tration I will assume that the secondary cur-
rent in coils I I will lag behind the primary
or main current in coils D D? by one hun-
dred and fifty degrees, or, in other words, live-
twellths of a three-hundred-and-sixty-degrees
period.  Themagnetism in the two magnetie
civeuits will not follow or counform either to
the primary or secondary currents, but it
will follow or correspond with the resultant
magnetomotive force of both currents, and
therefore the maximum of the magnetie
phases will occur between the maximum elee-
tric phases of the two currents. In other
words, the resultant magnetism will reach
its maximum succeeding the maximum ae-
tion of the primary current and preceding
the maximum of the secondary current.

By giving the primary coil of one magnetic
circuit more ampere-turns, and henee more
magnetizing power than the sccondary coil
acting on the same magnetic cirenit and in
the second circuit reversing the arrange-
ment, so that the secondary coil has greater
magnetizing power than the primary coil the
magnetism in the first-named cirveuit will
more nearly coincide in phase with the pri-
mary current, and in the second circuit tho
magnetism will more nearly coineide in phase
with the secondary current. Now on the
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assumption that the secondary current lags
one hundred and fifty degrees or five-twelfths
of & period behind the primary current the
number of ampere-turns in the different pri-
mary and secondary coils can be readily ar-
ranged so that the magnetic maximum in one
circeuit will ocenr one-fourth of a period after
or before the maximum of magnetism in the
other cireuit. The two electromotive forces
induced in the secondary coils T and I? will
also differ correspondingly from each other
in phase—that is, one-fonrth of a period—and
the said ecombined electromotive forces will
yield a secondary current which lags behind
the primary current five-twelfths of a period,
as before stated.

To further illustrate, the large primary coil
Din one magnetic cucmL may h‘we one hun-

-dred and ﬁfLy six tarns, and the adjacent
secondary coil 1? may have ninety turns, and |

with the currents in both circuits of equal
strength (as may be insured by a resistance
in the closed circuit) the maximum of the
resultant magnetism will -oceur one-twelfth
of a period or thirty degrees after the pri-
mary current and four- Lwelfths of a period
orone hundred and twenty degrees before the
secondary current. Now in the other mag-
netic circuit the primary coil D*having thery
turns and the secondary coil I ﬁfty—two turns
the resultant magnetism in this circuit will oc-
cur four-twelfths of a period or one-hundred
and twenty degrees behind the primary cur-
rent and one-twelfth of a period or thirty de-
grees before the secondary current, and there-
fore it will oceur one-fourth of a period after
the maximum of magnetism in the first cir-
cuit. That is to say, the magnetisms in the
two cireunits will differ by nmety degrees in
phase. With these two circuits at no"ht an-
gles to each other and the primary coils fed
with alternating single-phase currents the
magnetic poles produced will be shifted cor-
respondingly and make one revolution or ro-
tation of theline of magnetization during each
period of the alternating current. By pro-
viding in the first magnetic cireuit D F?three
times as much magnetic resistance as in the
second magnetic cireuit the magnetism af-
forded by Lhe two circuits will be of equal
stren rth, and the two electromotive forces in-
duced in the secondary coils I and F? being
proportioned to each other, ag are the num-
ber of their turns, ninety to fifty-two, the sec-
ondary current lags behind the electromotive
force in £* by one-twelfth of a period or thirty
degrees, and this last electromotive force be-
ing ninety degrees behind the magnetism of
D the resulting magnetism of D F? lags be-
hind the primary eurrent thirty degrees, and
the secondary carrent lags behind the pri-
mary current one hundred and fifty degrees.

Reference is made to the diagramshownin
Fig. 18 in order to further illustrate and ex-
plain the operation of the invention and to
make more elear the illustration discussed
in the immediately-preceding portions of this

description. Assuming that the current in
the secondary eircuit lags one hundred and
fifty degrees behind the primary current,
then the line O D in the diagram may repre-
sent the primary current and the line O E
the secondary current. The value of the
secondary current can be made equal to that
of the primary by a suitable adjustment of
the resistance R in the secondary cireunit. If
the primary coil has one hundred and fifty-
six turns in the first magnetic circuit, its
magnetizing force can be thus 1e])1‘esented in

mnper turns by the line O D. The second-

ary coil in the first magnetic circuit is as-
sumed to have ninety turns, and thus its mag-
netizing force can be represented in the dia-
gramn by theline O %, O D and O F® being pro-
portioned, respectively, to one hundred and
fifty-six and ninety. O D and O I? combine
by the parallelogram of forces to a resultant
magnetizing force O A’, which under the
conditions assumed will lag thirty degrees
behind O D and is one hundred and twenty
degrees in advance of O I'%. The magnetism
of the first magnetic circuit is produced by
the resultant magnetizing force O A, and
thus can be represented by the line O M' in
phase with O A’, (if we neglect hysteresis
and other secondary reactions.) In the sec-
ond magnetic circuit the primary coil of
thirty turns can be represented in magnet-
izing power by O D? and the secondary coil of
fifty-two turns by O F, O D* and O I being
again proportioned, le%pecmvely tothirty zmd
ﬁva two. OD?and O Feombine toaresultant
magnetizing foree of the second magnetizing-
cucmt 0O AZ, which with the numerical Val-
ues assumed 1s one-third as mueh as the re-
sultant magnetizing foree O A’ of the first
magnetic circuit, and thus produces in the
second magnetic circuit a magnetism O M2
equal to that in the first-named cirenit, since
the magnetic resistance of the second mag-
netic circuit is one-third of that of the first
magnetic circuit. The magnetism O M? of
the second magnetic circuit is in phase with
the resultant magnetizing force O A? of the
second magnetic eircuit, and thus with the
numerical values assumed one hundred and
twenty degrees behind O D? and thirvty de-
grees in advanee of O If. It is therefore ap-
parent that O M? is ninety degrees behind
O M', or, in other words, that two equal
mqonetm waves or fluxes, which may be rep-
1esenLed by O M' and O \[~ displaced from
each other by ninety deorees difference of
phase, will be produced in the two magnetic
circuits under the conditions assumed.

By the combined magnetizing influence of
the single-phase alternating currents fed to
the motor and the secondary currents in-
duced as herein described and as represented
in Figs. 1 and 2 an effective and highly-sat-
isfactory conversion of electrical energyinto
mechaniecal motion is accomplished. In this
machine the number of ampere-turns in the
several coils are so proportioned and the
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variations of magnetic resistance are such
that the magnehsm produced by the coils in
one circuit lags one-fourth of a period or
ninety degrees behind the magnetism pro-
duced by the coils in the other circuit, and
both magnetisms being of equal strength and
perpendicular to each otlier cause a rotation
of two oppositely-induced poles of the arma-
ture at regular and uniform speed.

As before stated, the armature may be
widely varied solong as it ean be rotated by
rotating magnetic poles in the field. It may
be of solid iron or laminated against eddy
currents or laminated lengthwise, so that
eddy currents flowing therein will be of such
direction relatively to the magnetizing force
of the field-poles and of such difference in
phase as to cause electrodynamie 1epul‘sion
between the field and thearmature. So,also,
may be the ““I1I”7 or shuttle core used, and
this is especially desirable when a motor is to
be operated synchronously. An armature

with wire coils in closed circuits may also be

used or a laminated-iron core coated with
copper or tin for affording a special path for
induced currents. So, also, may the exterior
magnetic metal be widely varied in its form,
arrangement, and distribution—as, for in-
stance, asshown in I'igs. 5and 4, wherein the
rotative element A’ is the field-magnet, and
it is within a stationary iron ring 3% which
may be termed the ““armature.” The core
of the magnet is composed of laminated iron
so disposed as to alford four arms convex at
“heir outer ends. Two of these, diametrie-
ally opposite, as at e and &', have their con-
vex Taces closely adjacent to the coincident
inner surface of the iron ring B3 and the
other two faces ¢* and ¢® are separated from
said ring by wider spaces, thus affording va-
riable magneticresistance. Surroundingeach
of the arms ¢* and ¢° there are large primarvy
coils D*D? and around thearms ¢ and ¢’ there
are smaller primary coils D and DY, all of
which are connected in cireunit with the ter-
minals C and ¢, by which the alternating
current is supplied by way of the brush-con-
tacts . Surrounding the arms e and ¢ there
are also large secondary coils I and I, and
around the arms ¢* and ¢* there are other
secondary coils Fband I'%, these all being in
one closed cireuit and including the resist-
ance R, the latter being in connection by
way of the brush-coutactsat f'. Inthis ma-
chine, as in the one first desecribed, one mag-
netie circuit is magnetized by the large pri-
maries D! D7 in conjunetion with the small
secondaries I and F7 and the other mag-
netic circuit by the large secondaries It 1%
aud the small primaries ‘D% and D* , and their
resultant operation is such that the magnet
is caused to rotate with great efficiency ¢ md
ab a speed coxl’espondmg with the speed of
the alternations of the electric current sup-
plied thereto. If,onthe otherhand, the mag-
net should hestationary and the ring 13* pro-
vided with axial supports, then the line of

630,418

magnetization would be rotatedas hefore and
the ring would become the rotative clement.

Ine: Ldl of the two organizations thus far de-
sceribed the shifting phase is one-quarter of a
period, or ninety dwlees but the shifting of
phase in other propor mons may bereadily pro-
vided for—as, “for instance, as illustrated in
Fig. 5. In ths organization the armature A*
may be as before deseribed; but, as shown, it
has an iron core and a set of coﬂs in closed cir-
enit. The field metal B%is an annular mass ol
iron with inwardly-projeeting cores p‘med
with each other on diametrical hnes, asatgg’;
L, it and 1. These cores have concave
faces, which ave variably separated from the
surface of the armature, the pau 7 ¢" having
the least spaces, the pair o 1/ a little more,
the pair < ¢ still more, and the pair k' the
greatest space, thus securing variable mag-
DGLIC resistance in the m‘wnetm uLcmts
The resistances of these dlﬂelenb nmgncmc
circuits are, as before in Figs. 1 and 2, pro-
portioned 101(1 ively to tho mag netomoblv
forees, so that displaced magnetismsof equal
bLleIl"Lh are maintained. Faeh of these
cores carries a primary and secondary coil,
and, as in the other machines, said coils are
variably proportioned. The cores ¢ ¢ have
the largest primary coils [ and the smallest
second‘ub coils m. The cores /v I/ have the
next smaller primary coils " and the next
larger secondary eoilsn/’. The cores i have
still smaller primary coils &%, and their soe-
ondary coils ? ave larger than on the cores
I 1. The cores L I have the smallest pri-
mary coils % and the largest secondary coils
m®  The primaries are connected in series
and are fed Ly way of the terminals at C, and
the secondaries ave all in one closed cireuit
containing the resistance R. These four
pairs of magnet-poles when excited by single-
phase alternating currents afford shilting
magnetic phases displaced in phase. The
nmunetmm of the circuits at 1 1M/ 1mches its
ma\mmm behind the magnetism at ¢ ¢" and
that at 7 ' reaches its maximum behind 2 70/,
while at L &' it reaches its maximum behind
77 ,and therefore the line of magnetic polarity
is sueccssi\ ely shifted (LL uniform speed from
g ¢ overtoh I/,tod ¢, and thento b L. In
this machine the magnetism in each magnetic
cireuit is induced and controlled, meed, or
adjusted, as in the previous machines, by the
two eleetric currents, whose magnetizing pow-
ers are variably proportioned relatively to
each other, and the lag of the secondary cur-
rent can be varied by variations of the resist-
ance in the closed cireuit.

In extra light-duty motors the field-iron
may be dispensed with, if desired. Ior in-
stance, for driving the rotary element in an
alternating-current meter the magnetic fields
may be induced by currents flowing in coils
arranged as already described, but without
iron cores. In the meter shown in Figs, 7 to

12 the rotary element A%is an armature com-
posed of a serics of semicireular strips » of
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sheet-copper secured radially to suitable hubs
and mounted upon aspindlen/, provided with
a worm, which by meshing with a worm-gear
transmits slow rotary motion through a train
of gearing to the indicating-handle n? of the
meter. This armature is surrounded in the
plane of its axis by a pair of complex coils,
each of which includes a primary coil D and
a secondary coil I¥, and at right angles to said
coils and surrounding both of them and the
armature are two other complex coils, each
including a primary coil D’ and a secondary
coil F'. The primary coils D and D’ are of
coarse wire and variably proportioned, as be-
fore described, and they are connected in se-
ries with each other and arve fed by a single al-
ternating current by way of the terminals C ¢/,
TFigs. 7and 8. Thesecondary coilsTF and F' are
of fine wire and all are in closed circuit, their
terminals being soldered together at one side.
The currents in these coils induce the re-
quired magnetic fields, the cirenits of which
vary in their magnetic resistance because of
their varied proportions. In the eoils D D
the magnetizing power of the primary cur-
rent is stronger than that of the secondary
coils I I'; but in the coils D' D' the power of
the primary current is less than in the coils
D and less than that of the secondary current
in the coils F' I'; and hence the magnetizing
maximum in the coils D' F' will lag behind
the maximum induced by the coils D F one-
quarter of a period and cause the magnetic
field to rotate, and this in turn will cause ro-
tation of the armature and so operate the
meter.

The rotative power of the meter-armature
can of course be increased by the use of iron
herein, as shown in Figs. 13, 14, and 15,
wherein an iron disk #°is located between
the copper hubs and within a series of radial
copper strips n* of such a form as imparts to
the armature a drum-like contour.

Now for deseribing the application of the
main features of my invention for inducing
alternating currents differing in phase I will
refer to Fig. 16. Two transformers G G are
connected in cireuit and employed as a sin-
gle translating device. The alternating eur-
rents are fed by way of the terminals C ¢’ to
the transformers, and in this eireuit there is
a large coil D, wound on the transformer G,
and counnected in series therewith a small
primary coil D', wound on the transformer
G'. A closed secondary circuit comprises a
coil I on the transformer G and a similar
coil I on the transformer G/, and a resistance
R is included in this closed circuit, as already
described. The fransformer G is provided
with a third coil II, in which alternating
currvents are induced and may be delivered
from the transformer by way of the termi-
nals shown at H'. In the transformer &'
there is also a coil H" for affording induced
alternating currents by way of the terminals
I1*. Thecoresof transformers G & are shown

of different sizes, so that the magnetic cir-

cuits have different resistances, as in the case
of the motor construction already described.

As already explained in connection with
the description of the alternating motor, the
phases of magnetismin the cores of the trans-
former do not conform with the currents in
either of the coils D F of one transformer or
D' F’ of the second transformer, but rather to
the resultant of the magnetomotive forces in-
duced by the currents in these coils which,
as already explained, are out of phase with
one another. Iencetheinduced currents in
the circuits ' II? are of different phase rela-
tion from the currents in either of the other
coils of the corresponding transformers and
from each other—that is to say, the eurrents
in thecircuit H', for example, are of different
phase relation from the current in circuit H®
and also have a different phase relation from
the currents in the coils D and I of the trans-
former G.

The proportioning of the coils upon the
transformers resembles that already de-
scribed in connection with the alternating mo-
tor, The primary coil D of the transformer
G is stronger than the secondary coil F—that
is, its magnetizing influence is greater than
theinfluence of the coil F-—while in the trans-
former G’ the secondary coil F' is stronger

than the primary coil D'. The resistance R

is here used, as before, to adjust the second-
ary current, but it is not always necessary,
and even when the resistance is needed it
may be afforded by lamps and the electrical
energy utilized for lighting purposes. The
arrangement just deseribed affords a practi-
cal method of transforming the phase relation
of alternating currents, for it will be observed
that the magnetic phases in the transformers
G and G' do not conform with the electric
phases of the alternating currents fed to the
transformers. This result is secured by the
modifying action upon the magnetic phases
of the currents in the coils F and I which
are out of phase with the currents in coils D
and D', and hence the energy fed to the trans-
formers in the form of alternating currents
is first converted into magnetism, and the
currents in ecircuits I’ and H? induced by the
magnetismin the transformers have a differ-
ent phase relation from that of the supplied
currents. Tor example, as a concrete illus-
tration, single-phase currents may be fed to
the transformers by circuit C C' and quarter-
phase currents may betaken from the trans-
formers by circuits H and H* Asalready ex-
plained, the single-phase currents tend to in-
duce magnetism in the transformers in phase
with the currents; but the magnetic phases in
the transformers are modified by the currents
flowing in the other coils, so that the resultant
magnetomotive forces may by proper caleula-
tions and proportioning of parts assume any
desired-relation. The electromotive forcesin
the closed circuits may be used for operating
aseriesof translating devices of the kind here-
in shown in tandem, the resistance being in-
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serted in the closed circuit of the last translatb-
ingdevice of the series. Dy ‘“tandem” Irefer
to an arrangement such as that shown in IFig.
17, where there are three sets of transform-
ers. The transformers G G', comprising the
first set, are supplied with single-phase alter-
nating currents through the terminals at C
for exciting the primary coils D D', respec-
tively wound on the coresof thetransformers.
Thesecondary coils I I on said transformers,

which codperate with the primary coils, have.

their cirenit closed through coils D* D on a
second set of transformers G* G°, so that the
current flowing in the coils I' I of transform-
ers G G’ serves to excite magnetism in the
transformers G* G3.  The secondary coils H?
I'3 are provided on transformers G* G which
in turn are closed through primary coils D*
D? upon the third set of transformers G* G°.
This last set of transformers has secondary
coils T I, whose cireuit is closed through re-
sistance R. Oun cach of these transformers
a third coil IT is shown, from which an inde-
pendent induced alternating current can be
taken by way of the terminals lettered II' I
II* IT* 115 1%, and the currents in each of these
circuits may have a phase of alternation pe-
culiar to itself, or the currents in any num-
ber of said cireuits may have the same phase
relation. ’

Referring more particularly to Ifig. 16, it
will be seen that the coils D D' F i form pri-
mary coils in the sense that they coact to pro-
duce electromotive forces in the coils II and
1%, though the coils F I are also secondary
coils with respect to the coils D D', as has
been above explained. It will also be seen
that the coils If 117 may be regarded as sec-
ondary coils in the sense that they have elec-
tromotive forees induced in them by the joint
action of the coils D D' I . It is therefore
obvious that one feature of my invention con-
sists in a transformer or set of transformers
G G, having a plurality of independent mag-
netic eireuits with primary and secondary
windings thereon so arranged that the cur-
rents in one set of windings—as, for example,
in the arrangement described in set D D
I IF'—induce magnetic waves or fluxesin the
cores G G/, whichin turn induce electromotive
forces in the windings H Ii%, the phase rela-
tion between electromotive forces and mag-
netic waves being such that the electromo-
tive forces of one set of windings--for exam-
ple, those induced in the windings II IT'—
correspond in phase to the phase relation of
the magnetic waves in the magnetie circuits
G &', while the electromotive foreces of the
other set of windings comprising those elec-
tromotive forees which cause current to {low
in the coils D D’ and in the coils F ¥’ do not
correspondin phase displacement tothe phase
displacement of the magnetic waves.

It is my intention to claim herein pointsof
novelty alike present in the motors and sta-
tionary transformer systemns herein set forth

and also such further improvements or points
of novelty as relate only to the transformers.

T reserve for a separate application, filed
May 13,1897, Serial No. 634,281, claims upon
such improvements of the alternating motors
herein set forth as relate only to the motors
and are nob applicable to the transformenrs.

T also reserve for the said application elaims

upon that feature of my invention which re-
lates to the connection of translating devices
in tandem.

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

1. Themethod of transforming alternating
electric currents from one number of phases
to another, which consists in inducing in a
series of magnetic circuits magnetic waves
by the magnetizing action of the currents to
be transformed, modifying the phases of the
magnetic waves to correspoud with the cur-
rent phases desired, and inducing currents
of the desired number of phasesin a second-
ary circuit or cirenits in induetive relation
to such magnetic cireuits.

9, The method of transforming alternaling
single-phase currents into currents of plural
phases, which consists in indueing by the
magnetizing influence of sueh single-phase
currents magnetic waves in a secries of sta-

| tionary transformers, modifying the phase

relation of the magnetic waves thusinduced to
correspond with the current phases desired,
and inducing currents of different phases in
the secondary circuits of the transformers.

3. The method of translating alternabing
electric currents from one nwnber of phases
to another, which consists in inducing in a
series of stationary transformers magnetic
waves by the magnetizing action of the pri-
mary currents to be transformed, inducing
thereby secondary currents in aclosed cirveuit
in inductive relation to the different trans-
formers, modilying the phases of the magnetic
waves by the magnetizing influence of such
secondary currents to correspond with the
current phases desived, and finally, indueing
currents of the desired number of phases in
a secondary cireuit or cireuits leading from
the transformers.

4. In an electric translating device sup-

plied with alternating currents, the combina-
tion of primary magnetizing-coils connected
in series and-in exciting relation to a series
of magnetic circuitshaving unequal magnetic
resistanee and an equal number of secondary
magnetizing-coils connected in closed eireuit
and in inductive relation to the primary coils
and also in magnetizing relation to each of
the magnetic circuits.

5. In electric translating devices to besup-
plied with alternating electric currents, the
combination, substantially as described, of
magnetic metal affording varied magnetic re-
sistance in the several magnetic circuits;
primary exciting-coils connected in series,
and supplied with alternating electrie cur-
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rents; secondary exciling -coils connected
with each other in one closed electrie eireuit,
the said secondary coils in one or more of said
circuits having greater magnetizing power
than the primary coils in the same magnetic
cireunits, and in the other magnetic circuits,
the said secondary coils having less mag-
netizing power than the primary coils in the
same magnetic circuit, whereby the maxi-
mum resulting magnetizing power of the com-
bined primaryand secondary coilsin anyone
or more magnetic circuits, will be different in
time from the maximum resulting power of
the primary and secondary coils, in other
magnetic cireuits. '

6. The combination of two or more station-
ary transformers having independent mag-
netie circuits in each of which magunetism is
induced by the joint magnetizing action of al-
ternating electric eurrents of displaced phase,
whose relative magnetizing influences are so
proportioned that the magnetic waves in-
doeed therein have a desired difference of
phase.

7. The eombination of magnetic material
affording two or more magnetie cireuits with
conductors carrying out-of-phase currents,
cach acting to induce magnetism in all such
circnits but not to the same relative extent,
the action of one current preponderating in
magnetizing one circuit and of another cur-
rent in magnetizing another ecircuit, as de-
seribed.

8. The combination in an electrie translat-
ing deviee, of magnetic material affording two
or more codperating magnetic circuits of dif-
ferent magnetic resistance, with conductors
carrying respectively primary and secondary
alternating currents displaced in phase serv-
ing to induce magnetism in each of such mag-
netic circuits, the magnetizing influence of
such currents being so proportioned relatively
to each other, and with reference to the mag-
neticresistance of such circuits,that magnetic
waves are induced in each, of substantially
equal intensity but displaced in phase, as de-
seribed.

9. The method hereinafter set forth, which
consists in supplying to different transform-
ers, or like induetion apparatus, having sepa-
rate magnetic circuifs; alternating  electrie
currents of a given number of phases, thereby
converting the electric energy of such cur-
rents into magnetic energy in the form of
magnetic waves indueced in the magnetic eir-
cuits,and inducing in secondary work-cireunits
leading from such induction apparatus, sec-
ondary currents having a different number of
phases from that of the primary currents sup-
plied to the induction apparatus.

10. The method hereinafterset forth, which
consists in supplying alternating electric cur-
rents having a given phase relation to the pri-
mary circuits of a series of transformers in-
ducing electromotive forces in the secondary
cirenits of sueh transformers, and deriving

<

fromsuch electromotive forces secondary cur-
rents, in suitable electric cirenits, having a
different number of phases from the eurrents
Ted to the transformers.

11. The method hereinafterset forth, which
consists in inducing out-of-phase magnetie
waves in a series of transformers having in-
dependent magnetic circuits, by theinductive
action of alternating dephased electric cur-
rents flowing in certain electric cireunits, in in-
ductive relation to said transformers, indue-
ingalternatingelectromotive forecesin certain
otherelectriceireuits likewise in inductive re-
lation tosaid transformers, and deriving from
said last-named electromotive forces alternat-
ing currents dephased from each other by an
angle different from the angle of phase dis-
placement of the first-named alternating cur-
rents. :

12. Themethodof producing quarter-phase
magnetic waves, which consists in generat-
ing alternating currents whose phase differ-
ence is not equal to ninety degrees, induc-
ing by said currents magnetomotive forces
in two magnetic circuits, and superposing
said magnetomotive forces in the proper pro-
portions, so that the resultant magnetic waves
in the two circuits are dephased by ninety
degrees,

15. The method of producing a magnetic
wave of any phase desired intermediate be-
tween the phases of two electric currents,
which consists in subjecting a magnetic cir-
cuit totheinduetive influence of the two elec-
tric currents in the proper proportions to pro-
duce the result desired, substantially as de-
seribed.

14. The method of produeing a magnetic
wave of any phase desired intermediate be-
tween the phases of two electric currents,
which consists in subjecting a magnetic eir-
cuit to the inductive influence of the two elec-
trie currents, the inductive influence of the
two currents on the magnetic eireuit being
different in amount, and so proportioned as
to produce the magnetie phase desired.

15. The method of producing a magnetic
wave intermediate in phase between the
phases of twoelectriceurrents, and nearer in
phase tooneof them than to the other, which
consists in subjecting a magnetic circuit to
the induetive influence of the two carrents
in different relative amounts, so that the in-
duective influence of that current to whose
phase it is desired that the phase of the mag-
netic wave shall more closely approximate,
shall exceed in amount the inductive in-

fluence of the other current, substantially as

described.

16. The method of producing dephased
magnetic waves one of which isin magnitude
and phase the resultant of a plurality of de-
phased electriec currents, and all of which
draw their energy from the said electric cur-
rents, which consists insubjecting a plurality
of magnetic circuitatotheinduetiveinfluence
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of the said currents in such a way that at
least one of the circuits is acted upon by a
plurality of dephased currents, the said in-
duetive influences of the different currents
on the various magnetie circuits being so pro-
portioned and adjusted as to produce in the
magnetic circuits dephased magnetic waves
of the desired phase and magnitude.

17. The method of producing dephased
magnetiec waves, which waves are in magni-
tude and phasc the resultant of a plurality
of dephased electric currents, which consists
in subjecting a plurality of magnetic circuits
each to the inductive influenceof a plarality
of dephased currcnts, the said induetive in-
fluences of the different currents on the va-
rious magneticcircuits beingso proportioned
and adjusted as to produce in the magnetic
cireuits dephased magnetic waves of the de-
sired phase and magnitude.

18. The method of increasing the number
of phases of an alternating current, which
consists in producing by means of the energy
of the said current dephased magnctomotive
forces, combining the said maguetomotive
forcesinthe proper proportions and relations,
and genervating by the said magnetomotive
forees a secondary multiphase carrent of an
order higher than the order of the original
alternating carrent.

19. The method of generating quarter-phase
currents which consists in produeing in two
magnetic ecirenits magnetomotive forces
whose phase difference is not cqual to ninety
degrees, superposing the magnetic waves due
to said magnetomotive forces so that the re-
sultant phasedifference of the magnetic waves
is equal to ninety degrees, and inducing cur-
renfs by said magnetic waves.

20. Themethod of producing quarter-phase
currents, which consists in generating cur-
rents whose phase angleis not equal toninety
degrees, indueing in two magnetic cireuits
by said currents resulting maguetic waves
whose phase angle is equal to ninety degrees,
and generating by the action of said mag-
netic waves quarter-phase currents.

21. Themethod of deriving from aplurality
ofalternating currents dephased by any given
phase angle a plurality of alternating cur-
rents dephased by any desirved different nhase
angle, which consists in combining the effects
of said first-named currents, as by subject-
ing to their magnetizing influence & plurality
of magnetic circuits having secondary coils
wound thercon, or in any equivalent way, in
such a manner that one of the resulting cur-
rents shall be due to the joint influence of a
plurality of the first-named currents acting
in different relative proportions.

22, The method of obtaining from a single-
phase current magnetic waves in qradrature,
which consists in generating magnetomotive
forces in two magnetic circuits by the influ-
ence of the said current, and reacting upon
said magnetomotive forces by a correetiveor

630,418

modifying action to produce resultant mag-
netomotive forces of approximately ninety
degrees phase displacement.

23. The combination of a plurality of cores
forming magnetic circuits with primary and
secondary windings in inductive relation
thereto, so arranged that the electromotive
forces due to one set of windings induce mag-
netic waves in said cirveuits and thereby in-
duce clectromotive forces in the other seb of
windings, the phase relation between clee-
tromotive forces and magnetic waves being
such that the electromotive forces acting in
one of said sets of windings correspond in
phase displacenment to the phase displacement

of the individual magnetic waves, while the

other set of clectromotive forces do not cor-
respond in phase displacement to the phase
displacement of the individual waves.

21, The combination of a plurality of traus-
formers having independent magnetic cir-
cuits with windings in inductive relation to
said ecircuitls, and two scts of leads for con-
neebing windings on said transformers with
different distribution systems, certain of said
windings being wound on the different mag-
netic cirenits separately and connected so
that their electromotive forces and currents
correspoud in phase with the phase of the
magnetic waves induced in the magnetic eir-
cuits, and the remainder of said windings be-
ing so distributed, arranged and connected
that their electromotive forces and currents
have a definite phase relation with respect to
the said magnetic waves, such that the said
windings and magnetic cireuits become eapa-
ble of transforming and altering the number
of phases of alternating currents.

25. The combination with two magnetic
cores or cireunits, and means for generating
magnetomotive forces therein, of a second-
ary “coil or cireuit inclosing eaeh core, and ad-
ditional coils on each core connected to work-
circuits, the number of turns of said second-
ary coil enveloping each core being graduated
to produce electromotive forces of a different
pha%e displacement in said additional coils.

The combination with two magneticcir-
cmLs, of windings in inductive relation there-
to, consisting of a plurality of inducing turns
and a pluare dlty of induced turns, so armu"ed
that some of the inducing tulns are in in-
ductive relation to each of the magnetic cir-
cuits, and some of the induced turns are in
inductive relation to each of the magnetic
eircuits; and anadditional winding closed on
itself, embracing each of sald magnetic eir-
cuits, and adapted to be the seat of induced
currents acting to dephase by a definite
amount the magnetic waves in said eircuits.

27. The method hereinafter set forth, which
consists in setting up in suitable, non-identi-
cal paths, out-of-phase magnetic waves, by
theinductiveaction of alternating, v ela‘oively-
dephased, electric currents flowing in cer-
tain electric cirvenits, in inductive relation to
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sald paths, impressing on multiphase mains, | tion of said electric ctirrents whether the
alternating electromotive forces derived from | multiphase mains be on open circuit or sup- 10
certain electric circuits in inductive relation | plying current.
to said paths and having a relative phase

5 displacel};lent different fro?n that of the gfore- CHARLES STEINMETZ.
said alternating currents, and maintaining Witnesses:
the phase relation of said alternating electro- R. EICKEMEYER,
motive forces different from the phase rela- II. Rypquist,




