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UNITED STATES

PaTENT OFFICE.

RLIHU THOMSON, OF LYNN, MASSACHUSETTS.

ALTERNATING-CURRENT MAGNETIC DEVICE.

SPECIFICATION forming part of Letters Patent No. 428,650, dated May 27, 1890.
| Application filed August 8, 1388, Serial No. 282,284. -(N.{} mﬂdel.} |

To all whom it may cONCCTTY:
3o it known that I, ELIHU

rent Magnetic Devices and Motor Mechan-

isms, of which the following isa gpecification.
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lying beside one

The object of my invention 18 1o produce:

from the same alternating-current cireuit coll
or source an alternating induective field or

source of alternating inductive effect in
which there shall be two or more sets of al- | |
112, and 13 show the application of the prin-

rornations different or displaced in phase.

My
tion of a joint invention of M. J. _
and myself, which involves the use, broadly,
of a closed-cireuit conductor which operates
upon a part of the field ot induction get up
by an alternating or pulsating current coil
or cireuit to produce a retardation of the al-
ternations, thereby producing from a single

current or source a compound field having
fwo or more sets of alternations, one of which
differs or is displaced from the other by a part |
of a phase of alternation. o |

The present invention relates more par-

ticularly to the disposition of the induction-
modifier acting on a part of the field; and 1t

consists in the . particular way of disposing
he closed-cireuit retarder or lagging device,
ihe offect of which is in most eases to pro-
alternating” field displaced

duce portions of
in phase over a free magnetic pole of the al-
ternating coll. -

In the illustrations in the jointapplication

the compound field is in generalmade of parts

My
in applying an induction modifier or retarder

to a part of the field of induetion lying to

one side of the general magnetic axis of the
sndunetor. Thus, for instance, 11 the case of

4 modifier whose plane ot cirenlation of cur-
rents is transverse to the oeneral magnetic | the

e aumr

‘tion of the elements.

invention is an extension or modifica-
Wightman

were, &

another in the general di-
reetion of the magnetic axis or extension of
the magnetic axis of the coil; but in my pres-
ont modification the two or more subfields
of different or displaced phase lie beside one
another or are in a plane or line transverse
to the magnetic axis. | o ST
present invention consists, essentially,

| axis the closed conductor would be cecentric
THOMSON, a.
citizen of the United States, and a resident
of Lynn, in the county of Kssex and State of:
Massachusetts, have invented ‘certain new.
and useful Improvements in Alternatin g-Cur-

to said axis instead of concentric therewith.
My invention consists, further, in details of
construction and combinations of parts, to be
more particularly described, and then spe-
cifically claimed. o |
In the accompanying drawings, Figure 1

represents the combined elements of my 1n-

vention irrespective of those which produce

“motion. Fig. 2 is a modification of stich ele-

ments; Fig. 3, a further change in the dispo-
Figs. 4, 5, 6, 7, 8, and
9 show different arrangements. Iigs. 10, 11,

ciples of my invention in different ways.
Fig. 14 is a modified detall. Fige. 15 shows
one of the ways in which my invention may
be employed in the construction of an alter-
nating-current motor. Iigs. 16, 17, 18, 19,
and 20 show details of such a motor.
21, 22, 28, 24, 25, 26, and 27 show further de-
tails and modification of the parts. -

P indicates a coil through which rapidly

pulsating or alternating currents from any

n 3 L .
Higs.

55
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source pass, and I a core for said coil, said

core being preferably made of a bundle of
iron wires or a pile of iron plates. _'

K indicates a plate, of copper or other oood
conducting material, suitably su pported 8o as

3o

to lie in the pathot apart of thelinesof mag--

netic foree emanating from the pole of the
magnet, thereby intercepting or shading, as it
part of the magnetism, leaving the
other or unshaded or difterently-shaded part

of the core free to set up a magnetic field with

no or a less degree of modification. By this

Carrangement the development of an alternat-
ing field takes placefreely over the unshaded

portion of the core; but the waves or pulsa-

tions are retarded or modified or made to lag
over that part shaded or covered by the con-
duector K. This retardation .or lagging I at-

tribute to the fact that each wave or pulsa-
tion of magnetism in the corelisattended by
or produees &

sace of magnetic lines outward, and thus re-

90

95

powerful induction-current in
the plate I, which tends to prevent the pas-

tards the production of the magnetic field.
‘At each reversal of magnetisminthe inductor

100

or core I the current continuing to exist in

plate K acts now to oppose the with-
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drawal and reversal of the magnetie field just |

previously established over the plate. Thus,
for instance, at the moment the induaector
changes north and tends to develop a corre-
sponding magnetism in the portion of mag-
netic field over its unshaded portion the por-
tion of field over plate I which has just pre-
viously been south will tend to remain south :

owing to the continuance in plate I of the.

current which attended or corresponded to a
south polarity of field over I, the change be-
Ing thereby resisted. As the north magnet-
ism of the inductor prevails, a north field will

finally be established overthe whole induecing
portion; but owing to the retardation and re.
sistance just mentioned the portion of field

over the unshaded part of the inductor will
aequire its maximum north sooner than the
part over the shaded part, where the develop-
ment 18 retarded. As the influences tendin )
to produce the north condition of the field
continue, the strength of the field over the

shield or shade will gradually reach its maxi-

mum, although such maximum magnetism

nay not occur until the magnetism begins to
fall in the inductor, and may even be delayed

until the cessation of north, or m ay even over-

lap into the south of the inductor if the plate
In other words, the

IX is sufficiently thick.
lag may be so great that when a north polar-
1ty exists in the field over the unshaded Por-

tion of the pole a south polarity may at the.

same time existover the shaded portion. The
effect of these actions is to cause in contigu-

ous portions of the field sets of waves or pulsa-

tions of magnetism whose pbhases overlap one
upon the other,or which, in other words, if rep-

resented graphically,would appearasoverlap--

ping one upon the other. This condition oc-

curs at the momentof first produetion of north

polarity in the upper end of the cope by the coil
P,and as sueh polarity strengthens the sonth
poiarity, gencrated by the closed currents in
the plate I, gradually disappears and the
whole of the pole becomes north, but far more
feeble,overtheplate I, where the d evelopment
of polarity is retarded. If again the reversal
takes place, the upper part of the pole which
18 unshaded will become of south polarity be-
fore that portion shaded is able to lose its
north polarity, owing to the currents in the
plate KX lagging. _

In Fig.2 the closed band orcirecuit passes
through a central slot in the end of the core
I, as shown, so that the lagging portion of
the pole I* is surrounded by such a band,
while the free portion I isnot so surrounded.
T'he effect of the band K so placed is to do
for the end of the pole I? what was done in
IFig. I—that is, to retain or lag its polarity
and not allow it to follow the changes of cur-
rent in the coil P as closely as the unshaded
portion I. |

It is not essential that the closed band or
cireuit I surround a portion of the end of the
core I, as a similar effect is producible by op-

posing to a portion of such core I1I, Fig. 3, |

428,650

wound with a coil I, a second iron core T2 I~
surrounded by a closed . coil or conductor I
and offsetting the core I* I?, so that it does
not oppose directly the whole magnetic effects
of the core I 1, but leaves a portion uncov-
ered, as it were. As the core I? partakes of
the magnetic condition of the field in which
1ts polar end is placed, and will also Influence
by its own magnetic condition the magnetie
condition or changes of magnetic condition
in such field, it is obvious that the closed band
or circuit K will operate in precisely the man-
ner already described to slow or lag the alter-
nations of magnetic condition in a partol thae
magnetic field of the core and coil T P. Tt ig
obvious, also, that in this case, as before, the
center of rotation of the lagging currents is
to one side of the general magnetic axis of
theinduector. Should a plate of copperorother

good conductor be placed between the Cores,

as shown at D, it will be found also that it
will tend to move in the direction of the ar-
row, and such action will remain as a4 con-
tinuous tendency during the passage of alter-
hating currents in the coil . If the part D
were of indefinite length and free to move, it
would continuously progress in the direction
of the arrow. |

In Fig. 4 in vertical section and Fig. 5 in
plan view the core surrounded by the coil P
18 shown divided into two sections, one [ T
surrounded only by the coil P P, and the
other I® I* in addition to the coil 2, hay-
ing a closed band or circuit IC placed thercon
at some portion or portionsof its length. In
this case, as in the former cases, the develop-
ment of polarity of any name, novth or south,
n the portion of field over I? will be retarded
or prevented by the closed band K acting in
opposition through the production in it of
currents I opposite tothose which flow in {he
coll P P, tending to magnetize both cores,
T'he core I 1, however, is free to be magnet-
ized, and is so magnetized. If a conductin )
metal disk D, of copper or of 1ron, or both, bhe
Placed in front of the cores, the development
of the pole opposite thereto by the core 1,
through the passage of the alternating cur-
rents, will be attended with the produection in
the disk of eclosed current-circuits, and the
tendency to develop in like manner mag-
netic polarity in the core I? I2will at the same
time be attended by the development of cur-
rents in theclosed bandorcireuit K surround-
Imgsaidcore. Themagneticcurrents induced
in the disk D by I will be the same in direc-
tion as those induced in the band K ; but, not
being directly superposed when so produced,
there is at once a tendency for such currents
of like direction to place themselves in a su-
perposed or exactly parallel position. This
results in a movement of the disk D in the
direction of the arrow, or at least a tendency
to move 1n that direetion.

The manner of the application of the sha-
ing piece or closed -circuit piece IX and its
form may very greatly vary without depart-
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D is mounted so as to overhang the end of
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tion. It may take the formof a simpleplate

of good conduecting metal, of a plate pertorated .

Wi th holes at or near its eenter, as in Iig. 17,
or of a plate withits center cutaway, as in Fw'

6; or it may be wound up of a numberof 1n-
sulated wires into aclosed band;or it may be
constructed of superimposed washers or flat

plates until the desired thickness is obtained;
or it may be made of rings of 1‘6(,13&116-111&1*

pieces of metals of eontumally-deer easing
diameters set one within the other, the only 1t
object being to make it the seat of powelful_
induced cmrentb under the action of the al-

ternating field tending to pass through it.
The fraetlon of the magnetic ﬁeld which
is shaded, or in which the cloaeu circult con-

ductoris ]_ch,led is a matter of no consequence
except that a portion be left unshaded orless

shaded; but it will be generally found thata

dwlswn into nearly two equ'Ll parts or por-.
{ions will be effective—that is, a portion of:

the magnetic field nearly equal to half of 1ts

extent not having the closed band placed over

it. If the magn etizﬂtble barsI I be laid upon

its side,the closed-cirenit plate I, Fig. 8, may
also be laid laterally against it in pomtmn'

shown, and a laterally-sh aded pole will thus be
obtained. A disk D, free to move, suitably

placed, as shown, will rotate in the direction

of the arrow in the figure.

3, with the parts similarly lettered.

used to obtain rotary motion is exhibited in
Fig. 10, the construction embodying that

core, and the local-cir emt piece K.

the magnetizing-core, as shown in Ifig. 10.

In 1*1{‘-'* 11 the disk is shown 1n edﬂ“e view
as eomposed of a massof iron K and a cover-
ing of copper mounted upon a bar pivoted at

J, though the disk can be made of iron or of
copper E;epm'ltely, or other good conductor,

the design being that it shall be the seat of
-mdueed CUur 18111:5 due to the magnetizing
tion of the magnet-pole 01)[)0%1136 which it is

placed. The induction of thefreeor unshaded

part of the pole upon the material of the disk
oenerates currents therein, and at the same
time the local-circuit pldte IX has currents
generated in it in the same direction and in
~ 111(, same way; butas thecurrentsin the disk
D and the plate I are alike in direction, but

not e\actly superposed, the disk tends to tu rn
so as to bring the eurrentsin it directly paral-
lel to and in the same direction with those
induced in the plate X. Theresult, however,

is a constant renewal of the eonditions buch

as to produce a rotation of the disk D 1n the
direction shown, bringing new portions of the

disk over the pole I and carrying them sub-

sequently over the plate Ix.

In Fig. 12 a plan view of a rotating dlbl{

acted upon by two cores I and I’, with plates
K and K’ half covering each core, respect-

| ]jiﬂ* O shows an end view of the structure
g |
The mode in which my apparatus m&y be

ac-

|

ively, 18 qhown

Anyconvenientmeans for al-
ternating the condition of the cores or poles
18 smt&ble In this case a double action oc-
curs, and the disk rotates, as shown by the
arrows, or exerts a eonhnu&l tendency to S0
rotate. The form of the disk and its dlcapo-
sition may be very widely varied, as it 18
only necessary that it shall present new mag-
netic-field material in which closed- 011*(311113

currents can be set up by the alternating-

current magnetic field. It might, therefor

take the form, as indicated in I‘]n 13, of a'

roll or eylinder of wood or iron I‘ faced or

covered with a shell of copper C; or the shell

of ecopper C might be replaced by a number
of closed coils 11101111ted upon the face of the
cylinder, or by a number of strips or bars

short-circuited upon themselvesin a suitable
manner for the setting up of induced cur-
rents. The plate KX may, for further pertec-

tion of action, be drilled full of holes, as in

Fig. 14, and the holes filled with iron rivets
or %hort iron wires or bars, as thereindicated,
for carrying more easily the magnetic mﬂu-

ence tending to pass upward _thr'ough the

plate under the inductive action of the mag-
netic pole or field below 1t.

My invention is applicable to the produc-
tion of continuously-rotating motors operated

by alternating currents, and I herein propose
to show one form of such motor, 1

more elaborate forms as the SHbJGCtS of fia-

reser Vlll”‘

ture appheamoub
In Fig. 15, X is a shaft mth a motor- pulley

A\ mou_nted. thereon, and carrying acompound

armature consisting of a central plateof iron
faced on each side with copper, as is more
definitely shown in Fig. 16. The 1rom por-

tion may be omitted and the copper plate
| alone used in some cases, especially when
the magnetic influence of Lhe coils which in-
duce the currents aresuch that the polarities
presented to opposite sides of the disk are
opposite in name, as north and 'south, re-

spectively, the iron disk If being necessary
when opposing poles of like polarity are pre-

‘sented oppositely to the side of the disk at
with

any point. Suitable laminated cores
magnetizing-coils p’ p* p° P!, which coils are
included in an alternating cireuit, have their
poles presented to opposite sides of the disk
B revolving between. Kach of these poles
is provided also with a shading-piece K I, 1n
which the local-circuit current is developed
placed as shown in Fig. 12 and moredefinitely

in Fig. 17, where ' D is a revolving plate com-

posing the armature or- rotating portion, X
the shaft sustaining the same, K K the local

circuit-pieces, and *Iand I I° in dotted lines,

the poles of the magnets upon which the coils

P’ P2 are wound, all of the plates I K veing -

arranged with respect to the poles to cause
a rotation of the disk conjointly in the same

dlrecuon Powerful alternating currents thus
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oive rise to a rapid and vigorous rotation of - |

13116 disk Dby the accumulation of actions al-
ready desecribed in connectmn Wlth the pre-
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ceding figures.  The plates K can be, as | stead of extending inward from the periphery,
shown in Fig. 18, asingle piece of copper with | as in Fie. 20. |

an opening for the passage of the shaft, and | Fig. 25 illustrates & modification in which
with cut-away portions exposing halves of the | the coil is divided into two parts I’ I, both

5 poles I I, the plate being suitably held In | carrying the same alternating current and 70
place. | each having a core I I, The two cores act
T'he rotation of the disk is always, as said | together to produce a common magnetic field
betore, from the unshaded portion of the pole | of the same name with a current of anygiven
- to the shaded portion. Thisfact permits the: polarity in the coil. The portion of field sct

o reversal of tie motor to be ecasily accom-!| up by the action of the coil P’ and core ¢ is 75
plished by causing the plate K K, Fig. 18, to | modified or has its phase displaced by theac-
be made rotatable around the shaft, and in [ tion of the closed-cirenit. conductor Iy, applied
fact this movement may be made to governi| to the core and coil P’ 12 The principle is
the direction or power of the motor, as when | obviously the same as in the instances hefore

15 the plate is placed directly over the poles the | described, the only difference being that the So
cliect of the motor is nil, and a motion one | field is produced by a compound magnet. In
way or the other takes place, according as the | this case, as before, it will, however, be seen
shading-piece, is moved to one side or the | that the conductor is applied eccentrically

other {rom this position. | with relation to the general magnetic axis of
2o Ifig. 19 shows therelation of the poles when | the compound magnet P I?7 1 I 55
the disk C revolving between them is made | It is not necessary that the induection-modi-

of copper, the direetion of polarizationinsuch | fier, as the plate Ik, should stop short at any
case being through the disk, the magnet’s | point over the core or in the magnetie field
poles being of unlike name at any time. from said core; but such plate may taper con-

25 The armature-disk or revolving disk has | tinuously over its whole length, as indicated go
hitherto been described as a plate eireularin | in Fig. 26. In this instance the retardation
form; but 1t may be slotted from the center | will be mainly at one side of the coil and will
outwardly, as shown in Iig. 20, or otherwise | taper to the other side, where the effects will
modified in disposition or shape, without de- { be less: butthe same ageneral effects of alter-

3o parting from the essence of the invention. | nations of field displaced in phase will be g5
An armature construceted with the slots, asin | produced,

Ifig. 20, has a tendency to synchronize with Fig. 27 illustrates anotherway in which the
the alternations when its speed nearly ap- | graduation of the retarding or modifying
proaches that of the alternations. effect of a closed conductor may be pro-

35  Iig. 21 shows the disposition of a number | duced. In this instance the ends of the 1oo
of poles alike In form to those of Figs. 2 and | laminated cove are shown with the lamina-

+ arranged I number around a shaft which | tions separated from one another to receive
may bear the armature. This form of pole | portions of the closed-cirenit conductor I
may replace those shown in Ifigs. 15 and 18. | The latter has its turns condensed or assem-

4o Ifig. 22 shows the position of two such poles | bled together at one side of the core, while 105
with their local ecircuits I K on opposite | the opposite sides of the turns are distrib-
sides of a rotating disk of a good conducting | uted over the core, as Indicated, so that a
material, and which may form the armature. | lareer amount of closed-cireuit currents will
11g. 235 shows the abolition of one such set of | flow at one side of the core than at the other,

45 poles and the substitution therefor, back of | with the general result before stated. IHere, 110
the copper disk, of an iron plate D; or, in | as in other instances, the average center of
other words, the armature is composed in this | the paths for the current set up in the closed-
case ol an 1ron plate faced with copper to- | eircuit conductor is to one side of the Mag-

ward the magnetic pole. netie axis.
5o It is sometimes desirable to so form the ar- What I elaim as my invention is— 15
mature-disk D, Fig. 25, or the disk, IFig. 16, I, The combination, with an alternating

when the 1ron plate Fis between the two cop- | inductor, of an induaction modifier or re.
per portions, so that the iron projects through, | tarder loeated to one side of the aeneral
a section It of the plate, Fig. 24, being of iron | magnetic axis, and serving to produce a com-

55 and the portion C ot eopper. The object of | pound field of alternating induction whose 1z0
this 1s to cause a tendency to synchronism | parts differ or are displaced in phase.
with the rate of alternations by having cer- 2. 'T'he herein-deseribed method of produe-
tain portions of the armature-surface incapa- | ing two sets of magnetic alternations differin

L

wlle,,

].I

’f

ble of causing such vigorous closed circuits | in phase at the free pole of an alternating
6o as the portions provided with the copper fae- | coil or magnet, consisting in shading or in- 125
Ings. ductively retarding the alternations in a part
In 1. 24 a modification in the form of a | of said magnetic field to one side of the oen-
disk or armature 1s shown. In this instance | eral magnetic axis, as and for the purpose
the slots extend radially outward from the | deseribed.
65 center, but stop short of the periphery in- 5. The combination, with an alternating 130




IQ

15

20

428,650

clectro-magnet, of a closed induced cireuit | mawnetm ﬁeld of a modlﬁer or retarder op-

acting on 4 pm*t of the magnetic polar

as to produce a lagging of the alternations,
as and for the purpose deserlbed

4. The combination, with an altemmtmfr
current coil or coils and & COre Or cores thele-
for, of a closed-circuit condunctor transverse

to the general magnetic axis and eeccentric
to the same, as deseribed, so as to modify or

retard the alternations of a part of the mag-

netic field of induction at the polar end of
said core or cores, as and for the purpose

defscnbed
5. The combination, with a ma,gnet produc-

ing analternating magnetic field having parts

lving in the same general plane transverse to
the general magnetic axis, differing or dis-
placed 1n their phases of alternations, of an
armature m the field of inductive influence
of said magnetic field, as and for the purpose
de%crlbed _.

6. 1'he combination,

eld |
for said magnet in the manner deseribed, so |

with an altern&ting_ |

erating upon a portion of the field to one

side of the- magnetic axis to produce a lag-
oing in the alter nations, and an armature

'pl&ced within the compound field thus pro-
duced, which field has, as desecribed, adjoin-
mg portlons in which the alter na,uom have

thelr phases displaced.

7. The combination, with an alternating
current coil or eoils, of a lagging or retar d-
ing conductor adapted to be the beat of in-
(111(:,9(1 currents whose general center of rota-
tion is eccentric to the ceneral magnetic axis
of the coil or coils, mld an m'nmtm‘e in the
field of the coils ::md the lageing conductor.

Siened at Lynn, in the county of Essex and

State of Massachusetts, this 19th day of July,
A. D. 18883.
ELTHU THOMSON.
Witnesses:

E. WILBUR RICE, Jr.,
J. W. GIBBONEY.
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