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To all whom tt 7?@0;3'/ COnCerry: -
Be it known.that I, FRANK J. SPRAGUE,

“midshipman, United States Navy, a citizen of

the United States of America, residing at North
Adams, in the county of Berkshire and State
of Massachusetts, have invented certain new
and useful Improvements in Dynamo-Electric
Machines; and I do hereby declare the follow-
1ing to be atull, clear, and exact description of

the invention, such as Wlll enable others skilled !

in the art to Wthh 1t appertains to make and
use the same, reference being had to the ac-

companying drawings, and to 1ett015 or figures
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of reference marked thereon, which form a pmt
of this specification.

My improvement
namo-electric machines in which a system or
systems of coils of wire longitudinally trav-
erse an armature which rotates in a magnetic
field 1n close proximity to the poles of one or
more electro-magnets, and I aim generally at
compactness, efficiency, economy, and steadi-
ness.of the carrent generated.

Although the general working of dynamo-

electric machines is well understood, I will col-
late a few facts which will render the ObJeCtS
of my invention more plain. If a bar of iron

“has a single coil of wire around it through

which a cnrrent 18 sent to magnelize the iron,

such coil would be phced at the neutral p omt
of the bar—that is, at the center—such that
it would occupy a symmetrlml position with
regard to the two ends. Then, bearing in mind
also that the distance of a turn of wire from
the inclosed iron also affects its magnetic in-
fluence, 1. hold that the best distribution of
wire on a magnet will be with the maximum
amount around the center of the magnet. In

support of this theory I cite Sir VVllhaml

Thompson’s galvanometer, and the opinion of
other leading electricians canbe adduced. In

~ the system of winding I adopt I desire wide
-magnetic fields, and since thie end parts of the
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coils are practically useless, save for the con-
veyance of the currents, 1 prefer to have the
length of the armature n‘reatel* than the diam-
eter

~TIn the form of machine here deseribed the
ﬁrst part of my invention relates to the field-
magnets, for which I use a magnet of double

1*e]:1tes to that class of dy

| T-shaped section with very wide polar exten-

sions, its length greater than its diameter, and
so supported by face-plates that the entire
space between the polar extensions can be
wound full ot wire, thus securing the largest
amount of wire and the greatest maﬂ*netlc ef-
fect in the least possible space. This cannot
be done when the magnet is supported by a
bar passing through its center.

The second pm‘t of my invention relates to
the system of winding, which is a modifica-

tion of the well-known Alteneck system, and

also to the exciting of the field-magnets.
There are 1n common use two ﬂeneral SyS-
tems of winding the coils of e()ntmuous-cur
rent machines Where there are but two revers-
als of the current in any particular coil in one
revolution. In thefirst, each end of a diame-
ter of the armature intercepts two parts of one
of & series of coils which are continuously

wound around and inclose a magnetic ring or

cylinder, and form a closed cir cuit. The blghts
of the wire between the coils are joined to
separate pieces of a commutator, and brushes
connected by an outside circuit and placed in
contact with the commutator at the so-called

““neutral points,”’ or points of highest and low-

est potential, afford a path for the current
generated 1n the two halves of the armature.
This 18 the Gramme system. In the second,

“each end of a diameter of the armature mter _
cepts one part in each of two coils which form

part of a series of continuously - connected

“coils longitudinally traversing the exterior of

a cylinder either magnetic or non-magnetie,
and inclosing a mag netic cylinder. The ] blﬂhts
of the wire are connected tothe separate pieces
of a commutator in such order as to allow for
the successive changes of polarity, and the
currents talken off as before by commutator-
brushes. This 1s the Alteneck system com-
monly illustrated in the Siemens machine, and
1s used 1n several others. A modification of
this last is adopted for the armature of my
machine, to which- I shall again refer.

It 18 the customary practice to excite the

field-magnets by putting the coils of the field-

magnet in series with the outside circuit, and
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sendmg the whole current through or in arc -

with the outside circuit, and sendmg a branch
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current through.
decided objection 1n this that the strength of
the field-magnet is made, not dependent, as it
should be, solely upon the velocity of the ar-
mature, but varies with every variation inthe
resistance of the outside ¢ircuit, thus making
the current subject to reactionary changes
when the outside cireuit changes itsresistance.
To the series arrangement another objection
becomes prominent, because, with the proper
distribution of wire, but twenty per cent. to
twenty-five per cent. of the power put into a
machine 1s needed to well saturate the field-
magnets, and when an unnecessarily strong
current 1s sent through the coils their resist-
ance appears as an additional circuit-resist-
ance and energy 1s wasted 1n heating the coils.

To obtain a constantfield in machineswound
on the Alteneck system, separate exciting-ma-
chines have been used, and an attempt has
been made in other longitudinal coil-machines
to lessen the change by having two operative
circults, each of which includes part of the
coils of the field-magnets and part of the out-
side circuit; but two machines are objectiona-
ble, yet to get the best result the electro-mo-
twe foree of & machine must be constant, with
a constant veloeity, and independent of the
resistance ol the outside circuit. To obtain
this result, the field of the machine and the
outside cireuit must be perfectly independent.
Again, 1f one machine be used for running
both arc and incandescent lights, the absolute
need of independent cireuits becomes very
evident, and in this case there would be three—
one for the ield, one for the are lights, and
one for the incandescent lights. Finally, while
being independent, 1t may be sometimes de-
sirable with machines having variable work
to connect up the mdependent armature sys-
tems, the field, and outside circuits in differ-
ent (ermw ements of arc or series. I propose
to attain the ends indicated by winding an ar-
mature with two or more modified systems of
Alteneck coils, each perfectly complete and
independent, and connected to its own com-
mutator, and to connect the brushes of the
commutators, the field, and outside cireuits to
a Switch in such & manner that the field and
lightsmay be pubin independent cireuits, thus
oetting afield independent of outside changes,
and securing a steadier main current, and
also so that Lhey, with the armature systems,
may be thrown into such arrangements of arc
or series as may be desired.

In the diagrams, Ifigs. 4, 5, and 6, Lillustrate
three methods of winding two independent
systems of coils. In Figs. 42nd 6 the divisionsof
the armature are eqml n Kig. b, the alternate
divisions unequal. In Figs. 4 and 5 each sys-
tem has six coils—two 1n each set—of dia-
metrically separate divisions, and the coilsin
the alternate divisions are continuously con-
nected, and also connected toits commutator.
Tach of the two commutators would thenhave

To both systems there is a |
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ion ahead of the other.

In Iie. 6 each set of

diametrically separate divisions has four coils,
one half being continuously connected and
joined to 1ifs commutmtor, and the other halt 70

likewise continuously connected and joined
to its commutator. Similar windings would
be made if three systems were used. It is
evident that the result is the same whether

one, two, or four wires are used 1 winding,
and also that the size of the wire and the num-
ber of turns in each system may be different
from that in the other. Ifurther explanation
of the system of winding will be given with
particular reference to the drawings. I donot
limit this system or practice of using two or

‘more independent systems of modified Alte-

neck coils to the form of machine I here de-
scribe, but claim, broadly, 1its application to
any number or form of ficld-maguets, whether
internal or external, and such use 18 evident
without further illustration. |

The third feature of my invention relates to
the switch aforementioned andits connections,
which 15 so constructed and its-parts put into

such juxtaposition that, by the insertion of

plugs,sueh connections .-.15 are (]LSII ed may be
made.

The fourth feature in my present invention

consists in providing a combination of mag-
netic and non-magnetic substances to give
support to my rotating system of coils, to con-
centrate the magnetic field,and to aftord a free
radiation for any heat
polarity in my armature. The eands of this
frame-worlk are disk-shaped, and have pro-
jecting from the center hollow shafts, which
are supported by the arms which project from
the magnet face-plates, the diameter of the
disk to be slightly greater than the diameter
of the field-magnets. These disks support a
cylinder of hard rubber or stiffened paper, to
kkeep the bights of the wire free from the po-
lar extensions, and yet allow close proximity.
To stiffen thissystem, afford walls to separate
the coils, and te 1ntensity the magnetice field,

as many 'soft-iron ribs as there are coils ex-
tend longitudinally along the eylinder,and are
secured to the disks 1}37 screws.,  ‘T'hese ribs
may be at equal or unequal distances, as cir-

cumstances may reguire. After the coils are
wound on this machine the outside of the ar-
mature is wrapped with solt-iron wire or sur-

caused by changes of
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rounded with iron rings, continuous or non-

continuous, which afford a close magnetic con-
tact with the iron ribs, and a path from pole
to pole for the magnetic field, this metallic
wrapping to revolve with the coils.

1t will be seen that in the machine I am de-

seribing 1 propose to use a stationary inter-
nal magnet, which gives the most natural field
of force—a radiating field {rom a cylindrical
surface—Iin combination with a rotating sys-
tem or systems of coils and armature, which
armature shall be outside of the coils, and
having one surface entirely exposed to the free

six divisions and one seb one-half of a divis- | action of the air.
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In all machines having a continuous change
In the magnetic state of iron there is, when the
change is sufficiently rapid, a heating of the

~armature, and this heating is due to the in-

IO
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duced currents in the iron. This has been to

a certain extent lessened by breaking up the
iron of the armature, and by affording paths
for the air to circulate through it; but the re-
sults have not been entirely satisfactory, part-

Iy because the iron of the armature is usually |
to a great.extent covered up or inclosed by

the coils, so that it is not only heated by the
self-induced currents, but also, by conduction
from the surrounding coils, which are them-
selves heated by their own current. By put-
ting the iron of the armature outside of the

coils, which armature may be broken up or

divided as much as desired, and rotating this
armature, I obtain the freest possible radiation
from its surface, and the displacement of

“heated air by centrifugal force, thus being

able to attain a higher velocity, and conse-

quently greater efficiency, with a machine of

- any given size.
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The fifth feature of my invention relates to
the commutators. These are carried on the
hollow shaft of the armature-disks, and in-
sulated therefrom by a bushing of paper, wood,
or hard rubber. I desiretohave a commuta-
tor which wiil allow the brush to make good
contact with any section before breaking con-
tact with the one it is leaving, to have the dou-

ble contact for the shortest angular distance

and time, and to be able to readily replace the
wearing parts. To this end each section is
composed of three parts—one of the shape
shown in drawings,whieh is secured by serews
to the insulating-bushing, and the two others
segments of cylinders of the same width asthe
ends of the first-mentioned piece, and a little
less than one-half its length screwed onto the
Inuer piece, so that the advance edge of the
iner piece shall be in nearly the same line as

the rear edge of the outer piece of the next

division of the commutator. In this way,
while in contact, less than nearly one-half the
brush is never used, and the period of double
contact 18 made as small as possible. Rach in-
ner section has an independent wire secured
to the outer end, and led through holes in the

1nsulating-bushing, thus allowing the free ends
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to be handled without danger of breaking
away. The commutators can be placed onthe
same or opposite ends of the armature-cylin-
der. When on the same end the wires from
the outer commutator are led through holes
in the bushing of the inner ones.

The sixth feature of my invention consists

1n an adjustable brush-carrier which shall al-

low @ change in the position and pressure of
the commutator-brushes. The carrier for each
pair of brushes consists of metal or an insu-
lating material, or a combination of the two,
and is in the form of the arc of a circle of
about one hundred and twenty degrees, with

a groove or slot extending about three-fourths i

-
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its length. This arc is-held against the plain
tace of a support, from which project two
screws seb 1n the are of a circle of the same
radius as that of the slot, and may be clamped
1n any limited position by two clamp-screws.
On the lower edge are cut several teeth, which
engage the threads of a screw held in a fixed
position by two lugs projecting from the sup-

70

port, thus affording a convenient means of 75

changing the position of the brushes. A
each end of the arc are two small clamps sup-
ported by a pin, and eapable of limited rota-
tion in the plane of the are. These are pro-
vided with clamp-pieces to hold the Drushes
in their angular position, and consequently
the pressure of the brushes, which, being of
rolled and hammered copper, have an elas-
ticity of their own, may beregulated by thumb-
screws acting against the are. | |

Dynamo-machines are used ordinarily on
two kinds of circuits—one where the lamps
are in series and the other where the Iamps
or motors are in derived cireuits, practically
in multiple are, In the first the currents
should be always maintained the same in
quantity, and the electro-motive forece must
be increased in a somewhat less rapid ratio
than the external resistance, depending upon
the relation of the internal and external re-
sistance. In the other the difference of po-
tential at the terminals of the machine should
be very nearly constant, and this requires an
increased eclectro-motive foree, with the de-

crease ot external resistance caused by adding

derived circuits.  There are two ways of in-
creasing the electro-motive force—one by in-

creasing the strength of the eurrent in the

field-magnet, the other by increasing the ve-
locity of the armature. DBoth methods maybe
advantageously used with the lamps in series;

‘but 1n the multiple-are arrangement it is bet-
ter to have a high constant velocity, a low in-

ternal registance, and to regulate by regulat-
ing the field-current. I am aware that this
has been done and in the following methods:
a regulator, a mechanical arrangement {o
turn the brushes, set in action by a control-
ling-magnet has been attached to the machine,
and the magnet being put in the main current

oraderived cireuilt, orthe currentinereased or

decreased from the normal, the brushes have
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been moved one way or the other to change

thestrength of thefield-current. In this plan
a part of the main current set in motion the
brushes collecting the same, a great objection

to which 1s that this change is too marked,

and much sparking and wear result because

of the whole current being involved. Since

practice has shown the great advantage of an
independent field-circuit, this has led to the
use of a regulator on one machine,which sup-

I12C
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plies the field controlled by a partof the cur-

rent from the main machine. Another method
is thatshown by patentto Maxim, No. 228,543,
June §, 1880, in which two armatures, each
with 1ts own separate field, have been mount-

130



IO

20

23

TP
- Fig.

20

33

40

43

50

59

60

4 | 304,145

ed on the sameshalt, and the current from the
main armature controlled the brushes in the
auxillary. To both arrangements thereis the
great objection of practically two machines,

two plants, and increased space required, to

say nothing of the cost. 1 propose to obvi-
ate this dlmculby or objection by my multiple-
circult armature.

The accompanying drawings are as follows:

Ifigure 1 1s a longitudinal section of the ma-
chine, with the armature-wire shown only in
outline, and leaving cut the commutator-
brushes. g, 218 a transverse section at the
line ¢ ¢ in Fig. 1; Fig. 3, a diagram of the
switeh, the connection with the field, lights,
and two systems of armature-coils, with plugs
in to connect up in independent circuits; Fig.
4, a diagram of one end of the armature-cyl-
inder and commutators, with an illustration
of the method of winding the system of coils,
which supply the field when the divisions are
cqual., The other system 1s wound in pre-
cisely the same manner and supplies the out-
side operative circuit. Its commutator is
shown 1n 1its relative angular position only.
b is a diagram of the end of the cyl
der for both coils when the divisions are un-
equal, with the commutator-connections left
out; IMig. 0, a diagram of the end of the ¢ylin-
der for both coils when divisions arc equal, and
both systems—that 18, four coils—wound in
the same division; Fig. 7, «, 0, ¢, d, ¢, and f,
diagrams of the different arrangements of the
independent systems of armature - ¢oils, the
field-coils, and the outside lamp or motor-cir-
cuits, afforded by varying the switch-connee-
tions; Ifig. S, a’ development of the commu-
tator, with separate pleces at one side; Fig.,
9, elevation of commutator and adjlunmble
bragh-ear rier; Fig. 10, brush-holder; Fig. 11,
section of cmuel a,t i f” .

The present machine consists of a large I-
shaped casting or forging, I, with the exterior
faces forming seﬂments ot a circle. On this
isshrunk a smooth-turned wr ought-iron cylin-
der, which is secured by screws G G, after
'V]’li(}h the parts half-way between the faces
are cub away, leaving wide polar extensions
B B. These 1}0]:&1" extensions being removed,
the whole space 18 wound full of wire O, .:m(l

the polar extensions restored to their phce& |

A current being passed through the wire O,
produces an electro-magnet with wide polar
extensions. To support this magnet, two
cup-disk faces with projecting arms D D are
secured to the ends of the magnet If by screws
H H. The arms D D are supported and held
rieid at one end by a slotted standard, ¥/,
with eap 87, and at the other end by a stand-
ard, S, and screw R. The arms D D are
surrounded by steel sleeves K, shrunk on.
Outside of the arms D D are hollow composi-
tion sleeves I I&”, forming projecting arms to
the exterior disks, I L, the diameter of these
disks being slightly g 1e.f.1,tu. than the diameter
of the field- -magnet., These disks fit in the

- lines e e.

-

ends of a rubber or stiffened paper cylinder

U, and are rigidly secured together by a num-

ber of soft-iron bars, CC—in this case twelve—
held to the periphery of the disks by counter-
sunk screws I 1. Ineach of the diametrically-
opposite divisions are wound two coils, ¢ ¢
and 2 W, ff and ¢ 7, g ¢ and j j, &e., and the
coils in the alternate divisions are connected
to each other and to the divisions of the com-
mutators, as will be indicated 1 the explana-
tion of Kig. 4

In the machine here 1llustrated there are
two commutators, M’ M, and two independent
sets of coils, which will be called AL A’. Three
sets of coils ean be wound and connected 1n a
similar manner. In Fig. 1 the external con-
tour of the coils 18 11](11(}&136(1 by the dotted
The method of winding will be de-
scribed farther on. Outside of the coils and
1ibs is a soft-iron shell, J, 1n metallie contact
with the ribs C C. This may be formed by
wrapping with iron wire, or of a series of iron
rings, countinuous or non-cont-inuousr or per-
forated, or otherwise broken up for the pur-
pose of ventilation. This shell with the ribs
serves to make a powerful radial magnetic
field, and is, in faect, an external cylindrieal
iron armature with the armature-coils wound
upon the inside. This armature, while per-

forming the usual funection of producing a

more available magnetic field, has the exter-
nal surface entirely exposed to the air, 8o that
any heat produced by induced currents will
have the freest possible radiation, and its dis-
sipation {facilitated by the ﬂlS])l‘LCGlIlent of
heated air by centrifugal force.

On one arm I is The driving - pulley P,
secured by serews Q Q; on the {:}ther 1, e
many commutators M M’ as there are inde-
pendent systems of coils, insulated from the
arm by a rubber, wood, or paper bushing, V.

Iig. 8 is a development of one of the commu-

tators, which is intended to allow continunous
contact by the brushes, the shortest double
contact, and for replacing when worn. Each
section is composed of an under part, U’, which
is secured to the insulating bushing, and 18

electrically connected to the proper bights of

the armature-coils, and two other parts, N" N,
which are held by screws z z to the part U"
and may be easily replaced. Theline of bruslp
contact being vy ¥/, it is evident how the ends
desired are secured.

Itir, 8 illustrates the switch for varying the
ar: {mn ement of armature systems, light-cir-
cuit, and field-cirenit.
cireles of composition, — O and -- %/, outside
of which are four
and Y’', which are lettered. acmrdmw t0 the
circuits to which they are connected, as indi-
cated. The different sections are cut to receive
composition plugs pl pl to torm electrical con-
nection between any two parts. In the dia-

oram the plugs are inserted to form independ-
ent circuits—one of the primary objects of my
I Invention.

This arrangement is also shown

quadrants, X, Y —k, X'--0O,.
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as 7¢ 1n Fig. 7. In the same figure, 7) shows
the arranoement of all in series; 7¢, armature
systems in series, field and 11011’58 in are; 7d,
armature sys‘[ems in are, ﬁe]d and lwhts in
series; 7e, armature. systems in are, field and
llﬂ"hts Inare; 7f, onearmature system in series
with field, both systems in are with lights.
This freedom of arrangement enables a very
varied field of work to be performed in the
best possible way with this mfwhme

The commutator-brushes o o are

e held by

- clamp v and serews ¢” v” to the arm ¢/, held

I5
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by pl]lS to and insulated from the arc-shaped
carrier . - These arms are moved in a verti-
cal plane by screws ww. - The carriers »n have

a slot, ¢, and are held against the face of a |

support, ¢, by clamp-screws x £ engaging the
threads of screws on the end of stationary pin
-On the lower edge are cut several teeth,
Whlch engage the thr eads of a tangent screw,
$, held bv lucrs on face of mlppart t. The
leadnw wires Of the field-magnet are led out
through an axial hole in one arm, D', and
both sleeves are oiled by feeders W V., sup-
plying oil, which passes into axial holes in the
arms 1’ D”, and out of radial holes d” d”, being
forced outward along spiral grooves cut in the

direction of rotation around the arms D D.

T'o resume the winding and connections of
the independent systems of coils to their com-

‘mutators, let us refer to Fig. 4, which illus- |

trates the coils of one series, the connection
between the coils on the end of the armature
next to the commutators, the connections of

the coils of that system to its commutator,
the field-circuit Y I Y, and the angular 13051-

- tion of the second commutator and its connec-

45

tion with the lamp-circuit X L. X. The spaces
for the coils for the lamp-ecircuit system are
left vacant for clearness; but the coils of this
system are wound in preelsely the same man-
ner as the other. The winding is illustrated
by one continuous wire, but the result is the
same whether a single or double wire 1s used,

and afterward connected up. To wind, start
at ¢ and wind down e, up ¢, until a sufficient
number of turns have been taken; then take
the last turn ¢” and carry it to the second di-
vision following, and wind down f and up f7,
as before; then carry last end /" to second

division following last, and wind down ¢ and

up ¢, as before then pass to the divisions
first wound and wmd over the first coil in‘the
reverse dlrectwu——that 18, down 4 and up h

then down 4 and up 4'; then down 7 and up j’,

- .brmﬂ ing the last turn j” to join the first turn

net.

Now connect the bights ¢’, £, ¢", 1", i”,
fmd Vi to the nem"est division of the commu-
tator. I.et p p’ be the neatral magnetic line
half-way between the poles of the ﬁeld mag-
Then when the armature-coils are re-
volved in the proper direction 4 currents are
induced in the coils above the neutral line,
and — currents in those below, making the
currents in any coil complete. The neutral

(b |

to the neutral magneticline. The brushes k%'

in contact with the commutator at the points
of highest and lowest potential take off the
current for the field-circuit Y ¥ Y. The eur- 7o
rent for the lamp-circuit X L X is taken off
from its commutator by the brushes o 0.

Iig. b represents the end connections of
both systems of coils when the divisions are
of different widths, but the winding is pre- 75
cisely the same asin the preceding case. Iig.

6 represents the end connections when both
systems are wound in the same division—
that is, with four distinet coils in each pair of
diametrically-opposite divisions, and each set 8o
of coils are connected to the coils in the next
adjacent palr of divisions, as in the ordinary
Alteneck system of single cireuit.

It is evident that the size of the wire and

the number of turns in the two systems may
be unlike as well as that the number of sys-
tems of coils may be more than two.
It is evident that the machine when put in
circuit with a suitable source of electrical en-
ergy becomes an electro-dynami¢ motor, and
that the invention possesses advantages 511111-
lar to those before set forth when the maehme
18- given 1ts reversible funection.

Having thus described my invention, I
claim as new and pray that Letters Patent gj3
may be granted for the following:

1. The combination, with a field-magnet, of
a rotating cylinder inclosing the same, said
cylinder including longitudinal armature-
coils and an external magnetic shell secured 100
together, substantially as “set forth.

2 The combination, with a field-magnet, of
a rotating cylinder 11‘101031110* the same, said
cylinder including 101]gitudi11a1 ~armature-
colls and an external magnetic shell, com- 103
posed of a wrapping of iron wire secured
upon said armature-coils, f:ubst‘mtml]y as seb
forth. |

3. A rotating duple:{ cylinder composed of
an Inner non- 111%@11@,1310 shell, an outer mag- 110
netic shell, with intermediate magnetie ribs,
the whole rigidly secured together and sup-
ported by face-plates, and adapted to give sup-
port to one or more systems of rotating coils
wound between the ribs, substantially as set
forth.

4. The combination, with a field-magnet
having centrally- 1’)10J{,ct1nﬂ arms, of a rotat-
ing eylmder 1mclosing such 111ag116t and hav-
ing sleeves turning upon said magnet-arms,
Smd eylinder in cludmﬂ long 1tu(1111a1 armfbture-
colls and an externcﬂ mag netle shell secured
together, substantially as seb forth.

5. The combination of a field-magnet of H
form, with fixed poles, and a rotating cylin-
der inclosing such magnet, and including lon-
oitudinal ar m‘ltule coils and an e*(tern&l mag-
netle shell secured together, substantially as
set forth.

6. The field - magnet supported by end
plates, and having 1its winding within said
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der inclosing such magnet, and including lon-

gitudinal armature-coils and an external mag-
netic shell, substantially as set forth.

7. The field-magnet supported by end plates
and central arms,and having its winding with-
1n said plates, in combination with a rotating
cylinder ineclosing such magnet, and having
end plates provided with sleeves which turn
upon the magnet-arms, substantially as set
forth. |

8. The cylindrical field-magunet of H form,
composed of a central web, extended pole-
pieces secured to the central web, end plates
and central supporting-arms, and a winding
wholly within the end plates, substantially as
set forth.

9. The combination,with an armature hav-
ing two or more independent windings con-
nected to separate commutators, of a field-
magnet, one or more external circuits, and a
switch for permitting the connection of the ar-
mature, field-magnet and external circuits

1n any desired arrangement of arc or series,
substantially as set forth.

10. The switch composed of the six contigu-
ous parts, in combination with the two arma-
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ture-circuits, the field-maguet circuit and the
external circuit connected to such partsasde-

scribed, and means for making and breaking

counection between the parts of the switch to
produce any desired arrangeiment of series or
arc between the said four ecircuits, substan-
tially as set torth.

11. In a commutator, the combination of the
sections, each composed of three parts, U and
N” N’ the parts N’ N° being removably se-
cured upon U’, and projecting laterally there-
from 1n opposite directions, substantially as
set fortl. |

12. In a commutator brush-holder, aslotted
arc-shaped carrier having a curved slot for
adjustment concentrie with the commutator,

o worm for adjusting said carrier, rocking

brush-holder supported by said carrier, and
screws for adjusting said rocking brush-hold-
er upon sald carrier, substantially as set forth.
In testimony whereof Iaffix my signaturein
presence of two witnesses.
FRANIC J. SPRAGUL.
Vitnesses: | |
JOHN G. QUINBY,
ITARRY IR. CONEN.
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