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Jo all wiom it may concern:

Be it known that I, FrANK J. SPRAGUE, of
New York, in the county and State of New
York, have invented a certain new and useful
Improvement in Eleetro-Dynamic Motors, of
which the following is a specification.

In the use of electro-dynamic motors diffi-
culty has heretofore arisen from the necessity
of shifting the commutator-brushes when the
armature-current is varied or reversed.

The object of the present invention is main-
ly to obviate this difficulty, though the inven-
tion relates further to certain means of regu-
lation employed in conjunction with the main
features of the invention.

My invention is especially applicable for use
with railway-motors, and motors for working
elevators, and other motorsin parallel cirenit
in the operation of which it is necessary to
vary the speed and to reverse the direction of

rotation of the armature,and sometimes, also, -

to change the motor into a generator and to
regulate it while in this condition, as set
forth in my Patent No. 318,668, dated May 26,
1885.

Asis well known, the reversal of direetion
of rotation ol the armature of a motor or gen-
erator causes the reversal of the direction of
lead of the brushes, and this lead is propor-
tional to the armature-current, and is also de-
pendent inversely to the strength of the free
field.

Tn motors heretofore built for railroad work,
it has been customary to provide two sets of
commutator-brushes, one adapted to be used
when the motor runs in one direction andthe
other for the opposite direction of rotation.
These are set for different leads, and means
are usually provided for changing the lead of
each set. A single set of tangential brushes
could not be employed because of the changes
of lead and the sparking and burniag which
must attend such changes. Anuntomatically-
operating devices have Dbeen proposed for
changing the lead, but these are complicated
contrivances, and are therefore not well adapt-
ed for railway purposes, where only the sim-
plest apparatus should be employed.

In my Patent No. 324,891 isset forth a mode
of winding for a motor, by which the non-
sparking points are maintained constant un-
der varying armature-current. - In this ar-

rangement there is a set of series field- coils
and a set of shunt field-coils, part of theseries
coils being wound on two diagonally-opposite
legs of the field magnet in a manner to ach
cumulatively with the main or shunt field-
coils, and the rest wound ontheother two legs
in a manner to differentiate the shunt coils,
the differential being stronger than the cumu-
lative series coils. This method is only for a
machine running always in the same direction
and at adetermined speed on a constant po-
tential circuit, and keeps the non-sparking
point at a fixed position by opposing the dis-
tortion caused by the armature-current by a
counter-distortion set up by the governing or
series coil.
ture, and consequently the direetion of rota-
tion, is reversed, the distortion and counter-
distortion are also reversed, yet because of the
uneven magnetizing effect of the two series

‘While, ifthe current in the arma- .
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coils the amount of distortion is not the same -

as when running in the normal direction.
Thisarrangement also therefore cannot be used
for the purposes above set forth. By my pres-

ent invention, however, I constructa machine -

with such a system of winding that it may

run in either direction on a cireuait of eonstant -

or of varying potential with a single or double
set of tangential or eud eontact-brushes, with
no change of lead, and consequently no ne-
cessity for changing the positionof thebrush-
es. By it the position of the brushes having
been once properly adjusted is made inde-
pendent of the amount of work the machineis
doing, or the speed at which it is running, or
whetheritisacting as amotor orasa generator.
It is independent also of the strength of field
or armature current, and hence of the speed
and power developed. I further provide
means for varying strength of field dnd arma-
ture current either independently or simulta-
neously.

In the accompanying drawings, Figure 1 is
a diagram of a motor, showing the arrange-
ment and effect of the series field-coils; Fig.
2, a diagram showing the effect of said coils
when the current is reversed from its diree-
tion in Fig. 1; Fig. 3, a diagram showing the
arrangement and effect of the shunt field-coils;
Tig. 4, a diagram showing the combined ar-
rangement and effect of both sets of field-
coils; Fig. 5, a diagram showing a modified
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arrangement of the series field-coils; Fig. 6, a
diagram of a motor embodying all the features
of my invention, including the field-coils and
the various regulating devices employed; Fig.
7, a diagram of the same with the armature-
current reversed from its direction in Fig. 6;
and Tigs. 8, 9, 10, and 11 are diagrams illus-
trating the different polar conditions which oc-
cur in the operation of my invention.

In each of the motor diagrams 12 is the
line. T is the armature, and B the field-mag-
net of the motor. C C are fine or shunt field-
coils, and D I, &e., are coarse or series field-
coils, -
In carrying my invention into effect I pre-
fer to use a machine, as shown, having a field-
magnet such as is commonly known as the
‘“Siemens form’—that is, one having two
poles, each produced by the combined action
of two oppositely-placed sets of coils. This
field-magnet is wound with two sets of ecils,
one a fine coil in shunt relation to the arma-
ture, which is wound to produce the main

poles in the part of the field-magnet adjacent

to the armature, the other, of very low resist-
ance, is in series with the armature either
inside or outside the terminals of the main
field-shunt, and is wound equally upon all the
cores in such manner as to produce magnetic
poles in aline at right angles to that of the
poles produced by the fine coil and less pow-
erful ones. On two diagonally-opposite legs
the coarse coils act eumulatively with the fine
coils, and on the other two they act differen-
tially, as set forth.in my patent already re-
ferred to, but differing from the arrangement

of that patent in that the coils are wound |

equally on all the legs. A reversing-switch
is preferably placed in the series coil and ar-
mature-cireuit, and preferably also an adjust-
able resistance. In the fine-coil shunt-cirenit
an adjustable resistance also may be placed,
and this may also have a reversing-switch.
A. circuit making and breaking switch, pref-
erably forming part of the reversing-switches,
may be placed in eacheircuit. I also placein
the coarse-coil cireunit aswitech whose construe-
tion will be presently explained, whose fune-
tion is to reverse either diagonal portion of
the coarse coils, leaving the rest unchanged,
whereby all the coarse coils may be made
cumulative or all differential at will.

In the normal arrangement of circuits just
described the two sets of field-coils, fine and
coarse,combine to set up a resultant polar line
which is distorted or rotated in the plane of
rotation of thearmature, or 30 as to counter-
act the distortion due to the armature or to
the main field-coils.

Since any increase in the armature-current
is just the same in the series field-coils, the
tendeney to distortion by these two elements
will always vary to the same extent, and the

. resultant position will be always the same no
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matter what is the extent of variation of cur-
rent. If the field-magnet strength is varied
independently of the armature, by changing

the resistance in the shunt field-cireuit or by
a variation of potential on the line, while there
is a tendency to change the armature distor-
tion there is an equal and opposite tendency
to change the distortion due to the series field-
coils, and so this, also, has no effect. If the
direction of the armature-current is changed,
so alsois that of the current in the series field,
and so the direction of each distortion is
changed; but they still oppose each other and
vary equally and oppositely as before, and
there is still no change in the non-sparking
points. - It is immaterial whether the change
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in direction of armature-current is due to a

change of terminals in changing direction of
rotation of the motor, or is caused in changing
the motor into a generator by strengthening
the field, as set forth in my Patent No. 318,668,
dated May 26, 1885.
rotation of the motor can also be accomplished

by reversing the main field, but in this case.

also the non-sparking points are still governed
in the same way.

In Figure 1 only the series eoils D are
shown. These are wound in the manner
shown, equally on all the legs of the magnet,

80 as to produce poles at N’ &', at opposite

ends of the magnet.

Fig. 2 shows the same motor with the poles

due to the series coil reversed by reversing
the armature-current—that is, by throwing
switeh E to the left. _
" Fig. 3 shows the fine main or shunt coils
aloue. These also are wound egually on all
the magnet-legs, but so as to produce poles in
the usual manner at N S.

Fig. 4 shows the motor complete with both
shunt and series coils, The resultant polar
line produced by the combined action of the
shunt and series coils is at N” 8", while the
line of distortion due to the armature and
main field is at A R. The consequent polar
line thenis at N 8, and it is evident from what
has already been explained that it will always
remain so.  For if the armature-current isin-
creased so that A R tends to tarn against the
direction of rotation, then the magnetizing
effect of D D is also increased and N” S”
equally tend to turn in the opposite direc-
tion, and if the magnetizing effect of C C is
increased, then while A R tends to move to-

Reversal of direction of-
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ward N 8, so also does N” 8", and vice versa; .

and if the armature rotation is reversed, A R
assumes the position N” S”, but then the poles
N’ & are reversed also, and N” 8” assumes the
position A R, so that N' S remains the same.
The fine and coarse coils can be wound side
by side instead of superposed.

Figs. 6 and 7 show the same motor provided
with the various regulating devices, which
have been already briefly referred to.

F is the resistance apparatus for armature
and main field-eircuits. It is such as is set

forth in my Patent No. 321,150, dated June

30, 1885. :
Resistance-coils ¢ ¢ are in the shunt field-

circuit, and are connected to contact-blocks
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“euit wire 3 extends to block

335,

b'b. Coils'ecare in the armature-cireuit and
are connected to blocks dd. Long block e is
for the field-circuit, and long block f for the
armature-cireuit. Moving arms ¢ ¢’ travel on
the bloeks and are both connected with the
line, and preferably move together. When
arm ¢ moves on blocks b b and varies field-re-
sistance, arm ¢’ is on block f, and armature-
resistance is not affected. On the other hand,
when arm ¢ is on blocks d, to vary armature-

resistance, ¢’ is on ¢, and field-resistance is

pot affected.

From the terminal of coils ¢ armature-cir-
I of switch B.
From block 7’ wire 4 extends, which is finally
connected through switch &+ with commufa-
tor-brush &~ From 2* wire 5 goes to brush L',
From /* a wire extends to main conductor 1.
Bridging-plates ¢ ¢ are carried by pivoted
switch-arm /. When the switch-arm is down,
as in Fig. 6, the current is in one direction in
the armature and series field, and when in
the horizontal position of Fig. 7 the armature
and series field-current is reversed. The
arrow-heads in all cases show direction of cur-
rent.

(i is the switeh or commutator for reversing
portions of the series field-coils. It consists
of eight plates, m w' w?, &c., arranged in a
cirele, and four moving bridging-plates, n, #/,
n% and #% carried by pivoted arm o.

As has been stated, a portion of the series
coils I’ D* is wound to act enmulatively
with the shunt-coils C, and a portion, D* DY,
is wound to differentiate them. The function
of switeh (& is to make all the series coils cu-
mulative, so as to make a very strong field as
in starting the machine, or to make them all
differential, if desired, so as to weaken the
field.

In Fig. 6 all the coils are normal. Here
the armature and series coils-cirenit is, by
wire b to brush %', brush %, wire 6 to m', plate
«' to m®, wire 7 to coils D*, 8 to I, 9 to plates
m® nwom* b w, wire 10 to I, 11 to D? 12 to
m', #* to m, and wire 4 back to switeh E, and
to the line. Now, if handle o of switch G is
thrown to its right-hand position, (shown by
dotted line,) the cirenit is: 5, I, %, 6, m’, #,
wm?, 7, DY, 8, D%, 8, m% =, m’, wire 18, m’,
', 12, D% 11, D, 10, m/, #, m, and 4. Coils
D’ and D* are thus reversed and made differ-
ential, instead of eumunlative. Throwing
handle ¢ to its left-hand position likewise re-
verses D and DY, and makes all the coils cu-
mulative. This last is what is done in start-
ing the motor when switch B is down, as in
Fig. 6. Its effect is shown in Fig. 9. That
is, it makes the polar line N’ § disappear
from the normal position and brings it to N S,
and so makes a very strong field, so that the
motor starts slowly with a strong torque or
rotary effort.

Fig. 8 shows the polar condition when the
coils are all differential, ' being then brought
to N and N' to 8. This is a condition which
will rarely ocenr in practice. It will be noticed

781 3

thatinstarting the motor in this wayno provis-
ion is made for the maintenance of the non-
sparking points. Ifind thatthisisunnecessary,
for there is at this time so low a potential be-
tween the commutator-blocksthat thereis prac-
tically no sparking, and consequently it makes
less difference where the commutator-brushes
are. When the motor has come up to speed,
however, the switch G is maintained at its
middle position, and theregulation of the non-
sparking points goes on in the manner ex-
plained.

In starting the motor, further, the resist-
ance-coils ¢ are placed in circuit, and coils a
all out of circuit. Coils ¢ are then gradually
cub out, and such of coils « as described are
placed in ecircuit. The regulation while run-
ning is performed by varying the shunt field
strength by coils a.

Iig. 7 shows the armature and series coils
circuis reversed at switech E, and with Iigs.
10 and 11 illustrates the fact that when this
reversal has taken place the operation of
switch G must be reversed also—that is, when
the motor is to run in the direction of Fig. 6,
switeh o is thrown to the left in starting, and
when, as in Ifig. 7, it is thrown to the right.
In practice, the proper positions for the
switches may be indicated upon them, so as
that an inexperienced engineer can readily
handle the motor, it necessary.

Fig. 5 shows an arrangement in which one
part of the series coils is in parallel cireunit to
the other part. Sucb arrangement may he
used if desired.

It is to be understood that the series coils
can be either inside or outside, or part inside
and part outside, the fine-shunt-coil terminal.

What I claim is—

1. Anelectro-dynamie motor having a field-
magnet whose main poles are formed by cores
extending in opposite directions, having a set
of shunt-coils wound evenly on allsaid cores,
and a set of series coils, also wound evenly
thereon, said sets being arranged to form polar
lines at right angles to each other, substan-
tially as set forth.

2. An electro-dynamic motor having a set
of shunt field-coils, and a set of series field-
coils arranged to form polar lines at right an-
gles to each other, in combination with means
for modifying the action of the series coils,
substantially as set forth.

3. An electro-dynamic motorhavinga field-
magnet of the character described,and having
shunt field-coils wound evenly on all the cores
of said magnet,and series field-coils also evenly
wound, such coils being normally differential
to the shunt-coils in two diagonally-situated
cores and normally cumulative thereto on the
other two cores, substantially as set forth.

4. An electro-dynamic motor having shunt
field-coils and series field-coils arranged to
form polar lines at right angles to each other,
and said series coils being part differential and
part camulative with relation to the shunt-
coils, in combination with means for reversing
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the effect either of said cumulative or said dif-
ferential series coils, substantially as set forth.

5. An electro-dynamic motor having shunt
field-coils and series field-coils arranged to pro-
ducepolarlinesatright angles with each other,
in combination with a cireuit-reverser in the
armature-circuit, substantially as set forth.

6. An electro-dynamic motor having series
and shunt field-coils wound to maintain the
non-sparking points on the commutator at a
fixed position, in combination with means for
reversing the armature-circuit, substantially
as set forth.

7. An electro-dynamic motor having series
and shunt field-coils arranged to produce polar
lines at right angles with each other, in com-
bination with means for regulating the arma-
ture-current, substantially as set forth.

8. An electro-dynamic motor having series
and shuntfield-coils arranged to produce polar
lines at right angles with each other, in com-
bination with means for regulating the mag-
netizing effect of the shunt field-coils, substan-
tially as set forth,

9. An electro-dynamic motor having series
and shunt field-coilsarranged to produce polar
lines at right angles with each other, in com-
bination with an adjustable resistance and a
circuit-reverser in the armature-eircuit, sub-
stantially as set forth.

10. Anelectro-dynamic motor having series

and shunt field-coils arranged to produce polar
lines at right angles to each other, in combi-
nation with an adjustable registance in the
shunt field-cirenit, substantially as set forth.

11. An electro-dynamic motor having series
and shunt field-coilsarranged to produce polar
lines at right angles to each other, in combi-
nation with an adjustable resistance in the
armature-cireuit and an adjustable resistance
in the shunt field-cireunit, substantially as set
forth.

40 -

12. An electro-dynamic motor having series -

and shunt field-coilsarranged to produce polar
lines at right angles to each other, in combi-
nation with an adjustable resistance and a cir-
cuit-reverser in the armature-cireuit, and an
adjustable resistance in the shunt field-circuit,
substantially as set forth. ' )

13. Anelectro-dynamic motor having series
and shuat field-coils wound so that the series
coils distort the poles set up by the shunt-coils,
in combination with means for reversing the
direction of distortion, substantially as set
forth. '

This specification signed and witnessed this
23d day of September, 1885. '

FRANX J. SPRAGUE.

Witnesses: '
A. W. KIDDLE,
E. C. ROWLAND,
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