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ELTHU THOMSON, OF PHILADELPHIA, PENNSYLVANIA, ASSIGNOR TO AMERI-

CAN ELECTRIC COMPANY,

OF NEW BRITAIN,

CONNECTICU'.

DYNAMO-ELECTRIC MACHINE.

SPECIFICATION forming part of Letters Patent No.
' Application filed May 4, 1880.

233,047, dated October 5, 1880.
(Model.)

To all whom 1t may concern :

Be it known that I, ELTHU THOMSON, resid-
ing in the city and county of Philadelphia,
Pennsylvania, have invented certain new and

5 .useful Impr’ovements in Dynamo-Ilectric Ma-
chines,whereby a very high electro-m otiveforce
i1s obtained with the advantages of lightness,
compactness, and darability; a.nd I do hereby
declare the following to be such a description

10 of said 1mprovements as will enable those
skilled in the art to make and use the same.

In United States Patent No. 219,157, dated
September 2, 1879, to Houston and Thomson,
accessory magnetizing-coils surrounding the

15 armature and operating in conjunction with
the field-magnet coils in polarizing the arma-
ture are descmbed

One ot the objects ot the present invention
18 to combine in a single coil the functions of

20 the accessory coils with those of the field -IAag-
net coils of said patent, and thereby secure
simplicity and ease of eonstruction. This is
accomplished by winding coils upon the field-
magnets shaped in conformity thereto, so as to

25 inclose said magnets, and also, as far as prac-

ticable, to inclose the armature, which revolves
between the poles, as hereinafter to be de-
sceribed.

Another object of the presentinvention is to

30 provide a form of field-magnet frame which

| shall fully utilize both the internal and external
magnetizing effects of the field-magnet coils.

- To this end the field-magnets, instead of sim-
ply being inclosed by the magnetizing-coils,

35 have extensions,which serve,in turn, to inclose
said coils, in the manner as lhereinafter de-
scribed.

Another object of the present invention is to
provide an armature for dynamo-electric ma-

40 chines all parts of the insulated wire of which
shall at all times be under the direct infiuence
of the field-magnets, and thus avold the use of
inactive wire, increase the electro-motive force
of the currelm cenerated, and reduce to a mini-

45 mum the lenﬂth of wire necessary to generate
a given electro motive force. |

Another object of the present inventionis to
provide an armature for dynamo-electric ma-
chines the magnetizing effect upon which shall

5o notbe limited to the pomt of magnetic satura-

tion of the field-magnets, but shall be further
ra-enforced by the direct action upon the iron
core of said armature and the msulated wire
surrounding the same of the currents travers-
1ng the whole of the field- magnet coils, which
cmls are made to inclose and surround the re-
volving armature, so that the iron core of the
armature becomes practically but a movable
extension of the field-magnet poles themselves.

It will be understood by those versed in the
art that various modifications of the forms and
disposition of the parts from those to be pres-
ently desceribed may be made without affecting
the essentials of the invention itself, 1t belnn
here purposed to describe a ty plcal arrange-
ment of parts that has been found very success-
ful in practice.

Figure 1is a side elevation, partly in section,
of a machine embodying my improvements.
Ifig. 2 is an end elevation of the same. If1g.o
is a top view or plan of the same. Iig.41san
axial view of a form of armature-core adapted
to use in the present invention. Ifig.H 1s a
side view of said armature-core. 1Iig. 6 1s a
section of said armature-core parallel totheaxis
of rotation. Tig. 7 is an axial view of a form
of armature windin o adapted to use in the
present invention. Ifig. 8 1s a lateral view of
the armature winding,.
are designed to elucidate the mmuer of oper-
ation and the principles involved.

In Fig. 1, N is a hollow shell or ¢ylinder of
iron, (W hich may, however, in certain cases, be
Sohd ,)constitutingone pole of the field-maguet.
Its outer edge, F, is langed, and its inner mce,
HH Sh’lped to conform to the rounded outline
of the ar mature of the machine, as shown. An
opening or openings through the face H H are
provided, as shown at 0, to allow cireulation
of air through the Leuter of the shell N. A
bumlar shell of iron, 3, is placed opposite to

N, it being also ﬂ.-mﬂed, as at I/, and consti-
tutmn the opposﬁe pole of the tleld magnet.
Bars or masses of iron B B B B, &e., join the
flanges I' IV, being preferably 111serted in holes
in the htter, and are sufficient 1n number and
siz¢ to make thorough maguetic contact be-
tween the flanges If T,

Coils C C and O O/ of insulated wire sur-

round the field-magnet poles N and 5, and also

I'igs. 9, 10, 11, and 12
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the armature of the machine, and serve for the
direct magnetization of said poles and of the
armature-core 1tself.

Rings R R, of metal or other suitable mate-

g rial, may be provlded to keep the coils C Cand

10

L5

20

2

¢ ¢ in place, since in most cases they pro-
ject beyond the poles N and B,

The coils C C and C’ C/ can be united into
a single continuous coil, extending from one
flange, I, to the other, I, if openings are pro-
vided for the passane of the shaft of the arma-
ture.

The electric current sent through the coils
C C and C/ (' 15 in the same direction in both
coils, and may be derived either from the ma-

chine itself or from any other suitable source.

- The bars B B B B, &e¢., are situated near
the outside of the coils C C and C’ /, and are

therefore magnetized by said coils, the direc-

tion of magnetization being that proper to in-
tensify the magnetization of the poles N and 3.
The opposing faces H H of both magnet-poles
N and S, and between which faces the arma-
ture revolves, are in the figure portions of &
hollow sphere, the revolving armature being
spherical in outline, the construction and op-

~erationof which areto be hereinafterdescribed.

30

35

In Fig. 1, J represents a portion of the arm

supporting the journals of the shaft of the ar-

mature. f f/ are the feet of the machine.

In HKig. 2 similar parts to those in Fig. 1 are
designated by similarletters of reference. The
commutator 1s shown at K, and the driving-
pulley at P. In Fig. 3, also, similar parts to
those in Fig. 1 are deswnated by similar let-
ters of reference.

The armature employed in the present in-
vention 1§ preferably of spherical form, it being

- found to possess great advantages over othel

4.0
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forms.

spherical shape, but may shape the field-mag-
net poles so as to make use of other curved
forms—a prolate or oblate spheroid, an ellip-
sold of revolution, or figures of armature, the
outlines of which are partly curved and partly
straight, the main requisites being that the

armature shall permit of almost complete in-.

closure by the field-magnet coils, and that the

wire and iron of said armature bhall not pre-

sent too great inequalities of surface to the
poles of the field-magnets.

The core of the armature may be made in a
variety of ways, the necessary condition being
that it contain sufficient iron for thorough mag-
netization, and that the iron be su: jmlently
subdivided to prevent the circulation of local
currents 1n it.

Fig. 4 shows a form of qrmature core em-
ployed to obtain a spherical outline in the ar-
mature when wound with its insulated wire.
Kig. b 18 the same seen from the side.

T'wo plates, D D, fastened to the shaft X, and

perforated or othermse provided with shts or.
s ¢ a, I'ig. 4, are set at such a distance

openings

It must be uanderstood, however that:
I do not confine myself to ml armature of

233,047

winding of soft-iron wire or strips to a spheri-
cal form, W, Figs. 4 and 5. The core, which
thus presents the form of a sphere flattened at
those portions where the axis X enters, is after-

ward wound with insulated wire to the outline
shown by dotted lines, Ifig. 5. Ifi1g. 6 shows

| the same core in section, the central portion

being left hollow, as shown, while the iron
wire W 1s supported in a suitable manner to

form a hollow curved shell.
Instead of the iron wire W, rings or baer of

iron which, when fitted tOﬂether glve the re-
quired outlme, may be u&ed

Considerable latitude in the construction of
the armature-core used in my invention may
be exercised, since sald core is not alone de-
pendent for 1ts magnetization on the indunced
magnetism from the field-magnet poles, but is
directly magnetized by the field-magnet coils
themselves.

With the form of armature-core described
1t 1s not difficult to wind upon it insulated
wire 50 as to obtain a nearly spherical outline.
T’he number and connection of the cotls on the
armature will vary according to the form and
arrangement of the commutator or the pur-
pose to which the current developed 1s to be
applied, and it is not intended, therefore, to
limit the present invention to any particular
arrangement of the coils on the armature., I

find, however, the winding and connection of
coils described in United States Patent No.

223,557, dated January 13, 1880, to Thomson
and Houston, to be well adapted to the con-
ditions of operation of the present invention,
and will therefore take it as an example in

'further describing my invention.

Fig. 7 shows a bpherlcal armature provided
with three coils intersecting one another near

the axis X. The manner of winding said coils

to secure equality in lengths of wire and uni-
formity of outline i1s substantially as follows:
Ifirst, one-half of the wire of one of the coils is
wound on;
the second coil; then, third, the whole of the
wire of the thu d {3011 IS W ouud then, fourth,
the remaining half of the 53600[1(1 0011 :;md

Minally-the remaining balf of the first cml SO
| that equal portions of the first coil 1"*espect1vely

underlie and overlie the other coils where they
intersect, and equal portions of the second coil
underlie and overlie the whole of the third coil
in_like manner. The connection of the three
coils so wound 1s made, as before stated, in
accordance with Patent No. 223,557, before re-
ferred to, and a suitable commutator, K, ¢on-
sisting of three insulated copper segments, is
provided and mounted on the shaft in accord-
ance with sald patent. If the armature be
ran for reversed currents, no commutation is,
of course, necessary, but the ends of the arma-
ture-cotls are carried out in the manner usunal
in such a case. _
ln the drawings the connection of the con-
ductors of the machme into a circuit is not

apart as to leave space between them for the | shown, as it admits of several unimportant
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modlﬁmtmns well understood by those \'ersed ' erable strennth are induced in the coils of

- in the art,and virtually shown in the previous
- Letters Pa,tent before referred to.
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The commutator-brushes being posmv e and
negative, respectively, the current may ve sent
through the magnetizing-coils C C and ¢’ ¢/
1N series or in multlple arc, according to the
size of wire used in wmdmﬂ them. Single,
double, &ec., Wmdmﬂs may in like manner be
used.

If1g. 9 is an outline section intended to elu-
clda,te the distribution of magnetic polarity in
a machine constructed as herembefme de-
scribed. The armature-core W receives an in-
ductive action from all directions, as indicated

by the arrows converging upon it from the

concave spherical qurfacu of the magnet-poles
N and S, 1t will thus be seen, also, that no
portion of the wire surrounding the core W
can escape the powerful direct action of the

field of force from the poles N and S. In all

machines hitherto produced a considerable
portion of the armature-wire has escaped this
direct action. In the Paccinotti, Gramme,
and similar machines it is the wire in the in-
terior surtace of the ring which thus escapes.

In the Siemens, Weston, and similar machines
1t is the wire that passes over the ends of the
cylindrical core, and from the overlapping of
the numerous coils at the ends of the cylinder
this inactive portion is made to bear a Very

considerable proportion to the rest or active
portion.

In Fig. 10 an outline section of a eylindrical

armature as commonly used is shown, where N
and S are the poles of the field-magnets. The
portions of armature-wire at ¢ ¢ e ¢ in dotted
lines do not at any time come under the action
of the field-poles N and S.

To reduce the loss due toinactive wireeeee
to & minimum, a eylindrical armature whose
length 1s relatively several times its diameter
18 commonly employed, giving rise to incon-
venient form of machme and diffusion of mag-
netic field. Moreover,there is no convergence
1n all directions of the magnetic force upon
the armature, the arrows, Fig. 10, showing its
distribution, being sensibly parallel.

In Ifig. 9 the distribution of the magnetic
pohrlmtmn induced by the coils C C and Cf O,
both in the poles N and S and in the conneet—
ing-bars B B, B B, is shown Dby arrows, both
inner and outer sides of the magnetizing-coils
being utilized. This feature enables great
concentration of magnetic force to be obtained.

Besides the convergence of the field of forece
upon the armature in all directions, there is
yet to be considered the direct magnetizing
and inductive action of the coils C C and C/ ¢/
upon the whole of the armature-wire.

In Fig. 11 the ¢oils C C and C’ €/ axe alone
supposed to surround the armature-core A,
which, with 1ts wire coils, revolves. A power-
ful current is sustained in the coils C C and ¢/
C/ from a suitable source of electricity. The

said dll]:l“lttll‘e which result mainly from the

effect of the coils C O and C' G/ 1 giving po-
larity N/ 8’ to the armature-core, and alao
from direct induction of the stationary-wire
coils upon the moving armature-coils. Indeed,
1t wounld Le sufficient to revolve only the cmls

ot the armature and allow the core itself to

remaln stationary, but the practical difficulties

of construction are thereby increased.

Inillustration of the direct inductive action

“of the magnet-coils upon the armatuare-coils

reference is made to Ifig, 12,where a coil, C C,
through which a carrent is circulating, is
crossed transversely by a shaft, X, bearing
several wire hoops, whose planes pass through
the axis of rotation and are at angles with
one another. If thisarrangement be revolved,
currents are set up in the wire hoops, due to
direct induective action of the currents in the
coil C C.

In my present invention the same coils that
give magnetism to the field-magunets are made
to fulfill, 1n addition, the other functions, as
above described, at the same time that all the
wire of the armature 1s useful in generating
effective current, being placed constantly un-
der the influence of the field-magnets and
field-maguet coils.

Besides many advantages from an eleetrical
and economical point of view, my invention
possesses several mechanical advantages.

From the fact of the complete 111010&,ure of
the armature by the magnet-frame, injury to
1t by objects being brounht 1nto contact with
it while 1t is Ievol\mﬂ 15 avolded. "The field-
magunet poles, also, bemﬂ thoroughly inclosed,
cannot attract masses Of 1iron inadvertently
left near the machine, and thereby become
injured. The external iron of the machine
serves also as an effective protection to the
magnet-coils, preventing Injury during ship-
ment or otherwise.

I claim as my invention—

1. In a dynamo-electric machine, a set of
two maguetizing- coils directly surrounding
both the field-magnets and the revolving ar-
mature of the machine, for the puarposes speci-
fied.

2. In a dynamo-electric machine, a set of
two magnetizing-coils, which may, if desired,
be combined 1nto a single coil, as described,
directly surrounding the iron cores of the field-
magnets and also the revolving armature, and
constituting the sole source of magnetic field
and induaective action in the machine.

3. In a dynamo-electric machine, magnetiz-
ing-coils C C and €/ C/, inclosing and sur-
rounding the field-magnet poles N S, and in
turn surroanded and inclosed by iron bars B
B, or plates of 1ron uniting said poles exter-
nally, the whole arranged for the purpose of
utilizing the internal magnetizing effect of said
colls upon said poles, and also external mag-
netizing effect of said coils upon the bars B B

armature being revolved, currents of consid- | as descrlbed
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4. In a dynamo-electric machine, an arma- } with insulated-wire coils surroundmg the same,

.ture-core of spherical or similar outlme flat-

tened at the parts where the shaft enters,
placed between poles N and S of field-mag-

nets, also shaped to a corresponding ]JOHOW
spherical or similar outline, the shaft of said

armatuare-core occupying a position transverse
to that of a line joining the centers of said
inagnet-poles, as described. |

5. In a dynamo-electric machine, an arma-
ture-core ot spherical or equivalent outline, as
described, placed between the poles N s of the
field-maguets, as specified, said-core to be In-
ductively magnetized by a convergence upon
it from all sides of the lines of magnetic force
{rom the field-magnets, and at the same time
to be directly magnetized by the coils of the
field-magnets surrounding and 111010511]!’1 said
armature core.

6. In a dynamo-electric machine, an arma-
ture-core wound with insulated wiretoa spheri-
cal outline, or nearly so, inclosed and sur-
rounded as far as practicable by the field-mag-
net poles, except at the gaps or spaces sepa-
rating said poles, and revolved upon an axis
which 15 transverse to lines joining the field-
magnet poles, or which axis passes through
the gaps or spaces separating said poles, for
the purpose of placing all the insulated wire
of the armature under the direct influence of
the magnet-poles, so as to avoid the use of 1n-
active wire.

7. In a dynamo-electric machine, a spheri-
cal inclosed armature consisting, essentially,

of a core of iron, W, of suitable construction, |

and in turn surrounded as far as practicable
by the field-magnet coils, for the purpose of
obtaining the m aximum,inductive effect in the
insulated wire of the armature, substantially
as described.

8. In a dynamo-electric machine, a mag-
net-frame consisting of hollow shells N and
flanges I I/, as deqcrlbed, and with connect-
ing: b'"u"b B B between said flanges, the bars B
B constituting an outer surrounding open cas-
ing, in the center of which the armature Te-
volves between the opposing faces of the mag-
net-shells N and as described.

9. A dynamo-electric machine in which the
following elements of effective action are sev-
erally combined: magnetizing-coils surround-
ing and surrounded by iron masses placed so
as to utilize both the internal and external
magnetizing effects of said coils, said magnet-

40
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-1zing-coils surrounding and dlrectly m'wnet

izing both the ﬁeld-maguet poles and the ar-

mature-core; aninclosed armature wound with

insulated wire, upon which a convergence of
magnetic foree takes place at the same time 6o

from all sides, thus placing the whole of the

insulated wire 1n a powerful field, and an ar-
mature the coils of insulated wire of which are
inductively acted upon by the currents in the
surrounding field-magnet coils.

ELIHU THOMSON,

Witnesses:
(GEO0. A. VAILLANT,
JOHN MYERS.
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