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Lo all whom it may concern:

Be it known that I, SIDNEY HOWE SHORT, a
citizen of the United States, residing at Cleve-
land, in the county of Cuyahoga and State of
Ohlo, have invented a new and useful Im-
provement in Methods of and Means for Con-
trolling Electriec Motors, of which the follow-
ing is a specification. |

T'his invention relates to a method of and
means for controlling electric motors, and is a
division of my application, Serial No. 637,212,

filed May 19, 1897. |

The object of the invention is to provide an
apparatus and mode of operation for control-
ling electric motors for traction purposes in
a manner to secure a rapid acceleration of the
car or train and with a much less consump-
tion of powerinstarting the train and in main-
taining the proper speed.

A further object of the invention is to pro-
vide an arrangement and method of control
for motors particularly adapted for use on

trains which are started and stopped often—

as, for instance, in elevated-railway service
and in interurban or suburban trains.
Furtherobjects of the invention will appear
more fully hereinafter. -
Theinvention consists, substantially, in the
construction, combination, arrangement, lo-
cation, and mode of procedure, all as will be
more fully hereinafter set forth, as shown in
the accompanying drawings, and finally spe-
cifically pointed outin the appended claims.
Referringtothe drawingsand tothe various
views and reference signs appearing thereon,

Figure 1 is a viewin diagram illustrating an

arrangement ol circuits and circuit-control-
ling contacts for earrying the prineiples of
my invention into operation. Fig. 2 is a dia-

gramillustrating the leads of the circuits from

the varying positions of the controller. Fig.
518 a view similar to Fig. 1 wherein a less
amount of resistance is employed. TFig. 4
1llustrates in diagraimn the various eircuits and

changes thereof under the several stepsin the

operation of the eontroller shown in Fig. 3.
I'ig. 5 is a view similar to Figs. 1 and 2 of an
arrangement employing two or more motors
and embodying the principles of my inven-
tlon and the method of coupling up the mo-
torsin accordance with my invention in series

dinary series motor.

“or in parallel to produce the effeet of a uni-

form aceeleration. Fig.6illustrates diagram-

sulting from the various
paratus shown in I'ig. 5. Fig. 7is a diagram
illustrating the acceleration-curve of the or-
Ifig. Sisa diagramillus-
trating the acceleration-curve of a motor 0p-
erated in accordance with the principles of
control embodied in my invention. Fig. 9is
a diagram illustrating a theoretical power-
curve.. |

In the practical operation of motors for
traction purposes it is exceedingly desirable
to maintain a constant acceleration of the
train while getting under way until the de-
sired speed is attained and thereafter for the
train to proceed at a uniform speed. Sucha
desirable result cannot be satisfactorily ob-
tained under prior methods of control for rea-
sons which I shall endeavor now to explain.

In the case of an ordinary seriess motor—for

Instance, such as is usually employed for trac-
tion purposes—in order to startthe train from
rest a large current is turned into the motor
to start 1it, thereby developing in the motor
a very large horizontal effort. For the first
few seconds the acceleration of the motor,
and hence the train, is rapid and satisfactory.
If this acceleration could be continued uni-

form, the theoretically-ideal condition would

be attained and the acceleration-curve of the
motor would be indicated by a straight line
A, Fig. 7, and such uniform acceleration in
speed would accomplish the starting of the
train from rest in a satisfactorily quick and
speedy manner, and would therefore effect a
large saving of time in getting under way;
but in the case of an ordinary series motor,
however, as the armature of the motor gets
under headway a counter electromotive force
18 set up therein which reduces the current
lowing through the motor. This reduction
of the current flowing through the motor re-
sults in a falling off of the horizontal effort,
with a corresponding falling off for each sec-

ond of the increase in speed per second, so
that instead of the ideal acceleration-curve
A, I'ig. 7, such curve takes the form of that
shown at B, Fig. 7, until finally the current
| falls to a point where it will develop only the
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power necessary to move the train at a uni-
form speed. This variation of the curve B
from the straight or theoretically-ideal accel-
eration-curve A illustrates the fall in accel-
eration of the motor and train, and hence
a departure from the most satisfactory and
economical operation of the motor. It is the
purpose of my invention to provide a method
of control wherein the acceleration in speed
18 uniform or practically so until the required
speed 1s attained, and from that point onward
the acceleration is arrested and a uniform
speedis maintained,thusresultingin an accel-
eration-curve C, I‘lﬂ‘ 8 Substantlaﬂy the same
as the theor*etlcallv perfect curve A, Fig. 7,
such uniform acceleration 1‘*esult11:10* 1n the
train Increasing its speed a given number of
feet per second for each second it 1S In oper-
ation. If this uniform acceleration were to
continue as above described, the train would
reach a rate of speed far beyond the safety
limit, and therefore my method of control

contemplates arresting the acceleration when

the desired speed 1is attained and thereafter
permitting the train to continue to run at a
uniform speed. Thus it will be seen that in

‘the method of control embodying these prin-

ciples the train will rapidly and quickly at-
tain 1ts desired speed in a shorter space of
time than heretofore and with a much less
consumption of power, and hence effecting a
saving of time in driving the train from one
st&twn to another, the tram getting under
headway rapidly and quickly under the Sub-
stantially uniform acceleration of speed until
the desired or runningspeedis attained, when
the acceleration is arrested and a uniform
speed 1s thereafter maintained until it is
again desired to stop the train.

Iu. my before - mentioned apphcatlon of
which the present application is a division, I
have disclosed the generic conception of the
invention embodymﬂ* these principles, and I
have also shown and described therein vari-
ous ftorms and arrangements for the purpose
of carrying the prmmples of the invention
into pl*&@tl&ll operation, and in said prior
application is shown and desecribed, but not
specifically claimed, the species of the inven-
131011 embodying the subject - matter of the
claims of the present case.

Referring to Fig. 1, illustrating an embodi-
ment of the prineiples above outlined, refer-
ence sign M designatesa motor; T, the trolley-
circuit; therefor- It F" 1> B3, the field- -magnet
coils; R', R>, Bﬁ? R% and R?, resistances; 1 2,
3, 4, 5 6, 7 8 and 9, smtable contacts; D and

| Eﬂ)Ol‘thHS of eoopemtmﬂ contacts,whichmay

comprise contacting segments 1f1 24, 3%, 44,
5%, 64, 74, 84, and 91 the several pomts 12 3
4, &, : :-;md the corr espondmﬂ contact-strips
14 94 3%, &e., being relatively movable, so as
to be moved into contact with each other. In
the particular form shown the strips 1* 2* 34,
&c., are mounted upon the surface of the con-
troller- cylinder, Fig. 1 illustrating, diagram-

matically, such Surface developed The por-

tion D of the controller-cylinder is insulated
from the portion E, as illustrated at X X.
The motor M 1s provided with a very large
field-magnet in which the iron is not thor-
oughly saturated with the lines of magunetic
force under ordinary conditions under which
it 18 expected to operate, so that any varia-
tion of the number of ampere-turns on the
magnet-core will greatly affect and influence
the speed of the armature. It is therefore
necessary, in accordance with my improved
method of control, that the reluctance of the
magnetic circult of the motors employed in
connection therewith should be moderately
low and that the windings of the field-mag-
nets be varied considerably without re%ultmﬂ'
in undue sparking at the commutators under
great variations of load. In other words, the
motor should be of larger capacity thml 18
ordinarily used at the present- time for the
same class of work.

T'he first operation of the controller em-
bodying my invention is for the motorman
to move the controller-cylinder D K into the
position indicated by dotted lines at A', Fig.
1. The motor-circuit will thereuponbe macde
as followsg: from trolley T' through the wind-
ings of the motor-field magnet, the motor M, re-
sistances R° R*R?3 RQR’,stl‘lps 334554647 1g40- 3
these several strips being in electrical con-
nection with each other, thenee to contact 9,
and thence throughthe arrangement for auto-
matically actuating the controller-cylinder.
This automatic armnrrement may comprise a
ratchet G, suitably mounted on the controller-
cylinder, in the teeth of which is arranged to
engage alever . A suitably automatieally-
operated auxiliary motor, preferably included
In the circuit above deseubed is arranged to
operate pawl arm or lever H. Many dl Gr-
ent arrangements of auxiliary motor and spe-
cific constructions thereof may be emploved
for this purpose. While I have shown and
will now describe a particular form and ar-
rangement of apparatus for accomplishing
the desired result, I desire it to be understood
that 1 do not limit or confine myself thereto,
as the principles thereof may be embodied in
a wide variety of specific forms and arrange-
ments of apparatus and still fall within the
spiritand scope of myinvention. In the par-
ticular form shown the pawl-lever H is piv-
otally connected to one end of rock-lever I,
to the other end of which leverisconnected a
magnetic core J, arranged to form the core of
thesolenoid KX, the coils of which solenoid are
included in circuit connection ¢ from contact
9. DSuitable means for cutting the coils of
solenoid XK into and out of live circuit with
contact 9 automatically may be provided.
This may be accomplished in any suitable or
convenlent manner, and while I have shown
and will now describe a suitable and conven-
ient arrangement for accomplishing the de-
sired result I do not wish to be understood to
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operative apparatus foraccomplishing the de-
sired object. In the form shown the circuit
connection ¢, after passing through the coils
of thesolenoid K, includes a connection 6 and
the coils of the magnet Q, and thence through
connection ¢ to ground. The lever N makes
contact with a stop O, included in the branch
connection ¢ from connection «, thereby com-
pleting the circuit from contact 9 through the
connections ¢ and ¢, contact O, lever ‘ir Con-
nection b, coils of mwnet Q, and connection
¢gtog 1‘*01111(1 Thespring Pisarranged tonox-
ma,lly maintaln lever N against the stop S and
out of contact with contact O. From this ar-
rangement 1t will be seen that when the con-
troller is turned by the motorman into posi-
tion indicated by the dotted line A’, Fig. 1, a
circult through the motor-and all the resist-
ances 1s eompleted, asabove described, to con-
tact 9, thence through connection «, auxil-
iary motor I<, connection 0, the coils (, and
connection ¢ to ground. As soon as current
begins to flow through the windings of the
auxiliary motor I core J is drawn into said
colls, thereby rocking lever I against the ac-
tion of the retractile spring L and in a direc-
tion to move the pawl- level Hin the direction
indicated by the arrow in Fig. 1 and marked

“On.” Thism ovement of pawl -lever H, how-

ever does not effect a movement of the con-
t1oller -cylinder, because there are no teeth
on ratchet  in advance of the arm or pawl-
lever II. The current passing from motor K
through magnet () effects an attraction of the
armature-lever N, thereby establishing con-
tact between sald armature-lever and contact
O, thereupon completing the short circuit
through connection ¢, contact O, armature-
lever N, connection 0, the windings of Q and
connection ¢ g to nround thus shmt cireuiting
the auxiliary mot(}l K, and hence &llowmn

spring L to rock lever I in the opposite direc-

tion to that above described and causing the
end of the pawl-lever H to engage behmd the
firsttooth of ratchet G. Uude r this condition
the main motor begins to aceelerate.
motor starts up the counter electromotive

force begins to develop in said main motor,
which, 1f permitted to continue, would cause
3) fallmﬂ off of the acceleration, and hence the
production of acceleration-curve B, as indi-
cated in diagram in Fig. 7. The develop-
ment of this counter electromotwe torce 1n
the main motor catuses a reduction in the cur-
rent-traversing relay . The tension of
spring P is so regulated that when the cur-

rent traversing the short circuit which in-
cludes armature-lever N, as above deseribed,
falls below a certain point retractile spring P
comes 1nto operation and withdraws said ar-
mature-lever N from contact O into contact
with stop S, thereby breaking the short cir-
cuit above LlE’SClled and 1"eestabllshmﬁ the
circuit through an *;111&137 motor K. The re-
esmbhshment of this circuit through the aux-
1liary motor effects a forward pro;Jechn oL

pawl-lever I, WhlGh throughthe engagement

Asg the

| of the front eﬂd thereof with the first tooth

of ratchet G, effects a movement of the con-
troller-cy hnder 1n a direction to cause con-
tact-strip 4" to make contact with point 4.
T'he current through the motor now passes
through resistance R° R* R’ R*, the resistance
R’ being short-circuited by the contact estab-
lished between point 4 and strip4®. The cut-

75

ting out of this resistance R’ has the effect of

again inereasing the current through the mo-
tor, so as to maintain a substantially constant
acceleration. At the same time the increase
in current due to cufting out resistance R’
again causesrelay Qtooperate to again short-

circuit auxiliary motor I automatically until

the current through the main motor again
falls below the desired point by reason of the
continued development of the counter elec-
tromotive force therein until the relay is
agaln opened by such fall of current and the
auxiliary motor K is again cut into live cir-
cuit, thereby advancing ratchet G another
step, thus bringing contact 5 and strip 5* into
electrical connection, and henceshort-circuit-
Ing or cutting out resistance R?, thus again
increasing the current through the motor-cir-
cult, again actuating auxiliary motor I and
advancing the controller another step in the
manner above described, and so on, thus
maintaining a constant or practically con-
stant acceleration of the main motor un-
til finally, strip 8* and contact-point 8 are
brought into electrical connection, at which
point in the operation all resistances are cut
out of the motor-circuit. In the meantime
and when the controller is moved to its first
position A’ asabove explained, contact-strips
1* and 2* are brought into electrical connec-
tion with points I and 2, respectively, the
strips 1* and 2° being in electrical connection
with each other. The points1and 2, respec-
tively, form the terminals of the coils F ' of
the main motor-field magnets, and hence so
long as strips 14 and 24 remain in contact with
poigts 1 and 2 the coils B I are short-circuited
out of the field-magnet circuit, and hence dur-
ing the conditions above deseubed wherein
the resistances R/ R* R° &ec., are succes-
sively cut out of the main-motor circuit, said
coils I I of the main-motfor field-magnet
windings remain short-circuited, leaving only
the coils B* 3, &e., to produee the lines of
nagnetic force in the armature of the main
motor When finally the controller-cylinder
arrives, under the automatic action there-
of, as above described, in the position indi-
cated by dotted line B’ Fig. 1, the current
durmﬂ the several steps mentwned remain-
ing substautmlly‘ constant, slightly rising
above the normal accelerating-current as the
resistances are successively cut out and
slightly dropping below the normal acceler-
ating-current as the counter electromotive
force in the main motor develops. If left in
this position, the main motor would thereaf-
ter rapidly develop a speed greater than that
required.

T'he parts are so constructed and
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arranged, however, that when the point in-
dicated by dotted line B’ is reached the de-
sired speed has been attained, and therefore
by suitably eonstructing and arranging the
teeth of the ratchet G the automatic action
of the controller ceases at this point; but
during all the preceding operations and up
to this position of the parts a large portion
of the field of the main motor has been short-
circuited and out of use, as above described.

Nowin order to arrest the acceleration of the

motor, the desired speed having been at-
tained, so as to permit the motor to continue
to operate at a constant speed, the motor-
man now turns, by means of the controller-
handle or otherwise, the controller-cylinder
from the position indicated by dotted line
B’ to that indicated by line ¢!. This move-
ment of the controller, effected by the motor-
man manually or otherwise, but under the
control of the motorman, breaks the short
circuit of the coils I ¥’ of the motor-field by
bringing into contact strips 1* and 2% and
their cooperating contacts 1 and 2, thus caus-
ing the motor-current from trolley T to trav-
erse all the windings of the motor-field, and
hence more magnetic lines are forced through
the armature of motor M, thus cutting down
the motor-current by building up the coun-
ter electromotive force of the armature to a
point which is just sufficient to maintain the
motor, and hence the train, at a uniform speed
thereafter. This movement by the motor-
man of the controller to the position indi-

cated by the line C’ does not effect the re--
Sistance-circuits, the motor continuing to op-
erate with an increased number of ampere-

turns around the core of the field-magnet, a

circuit leading from trolley T through all the

ampere-turns of the motor-field through the
motor, this being a path of no resistance,
thence to strip 84, strip 94, contact 9, and
thus on, as described, through the short cir-
cult ¢ O N 6 Q g to ground, or else through
connection a, I, b, Q,and g to ground, it be-
ing understood that at this point the auto-
matic action of the controller-cvlinder has
ceased, and hence it is immaterial which of
the above-described circuits from contact 9

on the circuit may take. Under this condi-

tion the motor has attained through the con--

stant acceleration described its desired speed,
and then the acceleration has been arrested
and the motor continues to operate at a uni-
form speed thereafter. |

~Krom the foregoing description it
readily seen that the acceleration-curve will
be somewhat jagged by reason of the slight
rising of the current above the normal acecel-
erating-current and then gradually falling to
a point below the normal accelerating-cur-
rent; but by introducing a sufficient number
of resistances with a corresponding increase
in the number of codperating contacts and
contact-strips this acceleration may be made
practically constant, thereby substantially
developing a straight acceleration-curve C,

will be

K1g. 8, until the position indicated by the line
B’ is attained, when the movement effected
by the motorman of the controller to the po-
sition indicated by line C’ effects a cutting in
of the whole coils into the main-motor-field
circult, thereby arresting the acceleration,
and hence producing the straight horizontal
line K, Fig. 3, in the acceleration-curve, which
Indicates the subsequent uniform speed.
When it is desired fo stop the train, the
controller-lever is moved by the motorman,
thereby moving the controller-cylinder to the
position indicated by the dotted line D', Fig.
L, which is ““off ” position, thereby breaking
all the motor-circuits, and thereafter the ap-
plication of the brakes brings the train to a
stop. In Fig. 2 is shown, diagrammatically,
the circuits corresponding to the several po-
sitions A" B’ C' of the controller-cylinder.
From this diagram it will be seen that in the

position A’ the main motor operates with a

portion of the field-coils cut out of cireuit or
short-circuited and with all the resistances
included in circuit. In position B’all the re-
sistances are cut out of circuit and the motor
operates with a portion of the field-coils short-
circuited, and in the position C’, which is the
last position before the ‘“off” position is at-
tained and which position corresponds to the
uniform speed which is maintained after the
desired degree of acceleration has been de-
veloped, the motor operates with all its field-
coils in circuit and with no resistance.

From the foregoing description it will be
seen thatthe acceleration of the motorin start-
ing may be effected in two ways—namely, by
varying the resistance included in the cireuit,
and, secondly, by varying the coils or ampere-
turns in the motor-field, the cutting out of re-
sistance in the motor-field serving to increase
the current through the motor, and hence to
counteract the development of counter elec-
tromotive force in the motor-armature. In
the other case the cutting in of the coilsin the
motor-field increases the number of lines of
force cut by the motor-armature, and hence

builds up the counter electromotive force of.

the armature, thereby reducing its accelera-
tion, and hence, conversely, the successive
cutting out of circuit of the coils or ampere-
turns in the main motor-field effects a redue-
tion in the counter electromotive force devel-
oped in the armature, and hence secures the
same elfects as the successive cutting out of
resistances from the motor-circuit. Itis evi-
dent that the method of motor-control em-
bodied in the principles of myinvention may
employ either one or both of these ways or
manners of controlling the motor.

In my prior application I have claimed the
generic idea of controlling a motor whether
by varying the motor-field windings or the
resistance in the motor-circuit, and in said
application I have claimed specifically the
method of motor-control consisting in vary-
ing the resistance in the motor-circuit. Itis

the purpose of the present case to cover spe-
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cifically the method of control, which consists
in varying the motor-field windings to main-

- tain asubstantially uniform accelerating-cur-

IO
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30

rent. In Fig. 3 I have shown diagrammat-
ically an arrangement wherein both of these
methods for controlling the acceleration are
employed together. In this arrangement I
employ a comparatively small amount of re-
sistance, all the field-magnet coils being in-
cluded in the main-motor cireuit at the time
ot starting, and hence a large number of lines
of force are urged through the magnetic cir-
cuit of the motor, and in this arrangement I
use a portion of the counter electromotive
force of the motor to maintain a uniform cur-
rent during acceleration instead of some of
the resistance, as described in connection
with I'ig. 1. In thisarrangement and method
when the controller is first moved to position
A’, which is the initial movement of the con-
troller, by the motorman the current trav-
erses the following path: from trolley T
through all the windings of the motor-field

colls, through motor M, resistances R®* R* R/,

contact 5, strip 5* to strip 94, contact 9, con-
nection «, auxiliary motor K, connection b,
relay Q, and connection ¢ to ground. The
motor thereupon starts up and begins to ac-
celerate rapidly, as indicated in diagram in
Fig. 4 in position A', all the resistances be-

- 1ng in circuit and all the coils of the motor-
- field magnet being also included in circuit.

35

Through the antomatic action of relay Q and
auxiliary motor K, as above explained, the
controller-cylinderis advanced to the position

- indicated at A% Fig. 3, thereby bringing strip
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6* into contact with contact 6, thus cutting
out resistance R’, and thereupon the motor
operates, as indicated at A® Fig. 4, with only
resistances R* R? in circuit and with the same
conditlon of the field-coils above described,
until the eurrent again falls below the nor-
mal accelerating-point, thereby again effect-
ing an action of the automatic mechanism to
advance the controller-cylinder to the posi-
tlon indicated by line A% Fig. 8, thereby cut-
ting out resistance R? as indicated at line A3,
Fig. 4, the circuit condition being that the
motor operates with only resistance R in cir-
cuit and with the same condition of -the field-
windings as before. Thus finally the con-
troller arrives at the position B’, at which
point all the resistances are cut out, as indi-
cated at line B', Fig. 4, and simultaneously
therewith strips 1* 2* make electrical contact
with points 1 and 2, thereby short-cireuiting
the first or one of the coils of the motor-field.
This increases the accelerating-current of
the motor by reducing the number of lines
of force which had theretofore been forced
through the armature, and hence serves to
maintain a constant acceleration of the motor
until the counter-electromotive force devel-
oped in the armature reduces the currentto a

point slightly below the normal or desired ac- -

celerating-current, whereupon the automatic

-mechanism above described again comesinto

| play and moves the controller-cylinder to the

position marked B, Fig. 4, and consequently
again increasing the accelerating-current to
a point slightly above the normal until such
current again falls by the development of

counter electromotiveforce, thereby effecting

another actuation of the automatic auxiliary

motor KK and relay Q, and hence advancing

the controller - eylinder to the position B3,
hence bringing strip 4* into electrical connee-
tion with point 4, thereby cutting out another
or other coils of the motor-field, and hence a
repetition of the above action. Ihave shown
this as the last step in the operation neces-
sary to bringthe controller to a position where
if the parts are left without further move-
ment a too great speed would be developed.

It 18 evident, however, that more strips may -

be provided on the controller-cylinder and
more or any desired number of ampere turns
or windings of the main-motor field may be
thus successively cut out. When the desired
speed of the motor and train has been at-
tained, the motorman effects a further move-
ment of the controller to uniform-speed po-
sition, as indicated by dotted line ¢, there-
by breaking contact between strips 1* 2* 34
4*, &c., and their corresponding contacts 1
2 8 4, &e., and hence again cutting into the
motor-circuit all of the field-coils, thus in-
creasing the lines of force in the magnetic
circuit of the motor, and hence building up
the counter electromotive force of the motor
and reducing its speed to a uniform point,
thereafter operating the motor with all its
field-coils in ecircuit and with no resistance.

The several positions A’ A? A? and B’ B* B3

represent the several steps in the operation
foreffectinga constantacceleration,and when
the desired speed has been attained position
(' indicates the condition of the motor-circuit
during the time when the motor is operating
at a constant speed, with the acceleration
arrested, and when it is desired to stop the
car the motorman moves the controller to po-
sition D’ or ‘“off ” position, thereby breaking
the circuits of the motor, whereupon an ap-
plication of the brakes effects a stopping of
the car.

In the foregoing description I have de-
scribed the invention designed to be specific-
ally covered in the present application, and
which consists in securing a uniform accel-
eration of current by varying the motor-field
windings, in association and connection with
a variation of the resistance in the motor-
circuit, as applied to a single-motor equip-
ment; but it is obvious that the principles
thereof are equally well adapted for use in
connection with two or more motors placed
on each axle of the car. |

In Fig. 5 Ihave shown an adaptation of my
invention for producing a constant accelera-
tion of current until the desired degree of

speed 1s attained and thereafter a constant

speed by varying the motor-field windings

| either alone or in connection or association
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with a variation in resistance in the motor-
circuit in connection with two or more mo-
tors, and wherein the idea of securing a con-
stant acceleration 1s still further carried out
by changing the motor connections so as to
couple the motors from series to series par-
allel or to parallel relation. In this embodi-
ment of the invention I divide the controller-
cylinder into five parts D’ D* D* DY D8, insu-
lated from each other and each part contain-
ing electrically-connected contact-strips, and
I provide codperating contacts 1 2 3, &e.,
forming the terminals of the field-windings
of the several motors employed and also the
terminals of the circuits which include re-
sistances R R'. When it is desired to start

the motor from rest, the motorman turns the

controller to thepositionindicated by line A’,
thereby completing circuit through points 3
9 14 15 and their codperating strips 8* 9 14°
154  Thereupon the circuit is completed

from trolley T through motor M/, the field-

“windings F’ of the field-magnet of motor M/,
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the contact 9, strip 9%, strip 8%, contact §, mo-
tor M, all the windings F® of the field of
motor M= resistances R R’, the contaect 14,
strip 14* 15%, contact 15, and connection  a,
and thus on through the auntomatic arrange-
mentabove described in connection with Figs.
1 and 8. Thus,asindicated at A’, Fig. 6, the
motors are started, the relative connection
and arrangement of the motors being such as
to 1nclude said motors in series with each
other in a circuit which also includes all the
resistances R R’ and all the coils of the field-
magnets of all the motors, and thus the ac-
celeration of the motors begins. When the
accelerating-current falls by reason of the
counter electromotive force developed to a
pointslightly below the normal, the controller
1s advanced a step by the action of the aufo-
matic auxiliary motor, as above explained,
to position A% thereby bringing strip 13* into
contact with point 13, and hence cutting out
resistance R’, as indicated in the diagram at
A? Fig.6. This restoresthe accelerating-cur-
rent to a pointslightly above the normal un-
til further development of counter electro-
motive force 1n the motors again reduces the
accelerating-current to a point such as to
bring into action the automatic mechanism
above explained, which advances the con-
troller-cylinder another step and to position
Al causing strip 12* to contact with point 12,
and so on until all the resistancesare cut out,
as indicated at: A®, Fig. 6, the successive cut-
ting out of resistancesserving to successively
restore the accelerating-current which had
successively fallen by reason of the develop-
ment of counter electromotive force, and
hence maintaining a substantially constant
acceleration of the motors. After all the re-
sistances have been cut out of circuit fur-
ther reduction of the current again causes
the controller-cylinder to be advanced an-
other step to the position A% Without alter-

ingtheelectrical position last above described | windings of one or both motors,

this advancement of the controller-cylinder
brings contact 1%, 2%, 4%, and 5* into contact
with their corr espondm points 1, 2, 4, and 5;

thereby short-circuiting a portion of the field-
windings of both motors as indicated in dia-
oram at At Fig. 6. This reduction of the
ampere - fUrns of the motor-field windings
serves, as above explained, to restore the ac-
celemtmﬂ -current by reducing the lines of
force in the magnetic c¢ircuit of the motors.
This conditionis maintained until the acceler-
ating-currentagain fallsslightly below thenor-
mal, whereupon the controlier-cylinder is ad-
vanced automatically to the position A° there-
by bringing strips 3* and 6%, respectively, in
contact with points 3 and 6, thus again cut-
ting out additional coils in the field-windings
of the motors, and hence correspondingly in-
creasing the accelerating-current and restor-
ing the same to a point slightly above the nor-

mal by still further reducing the lines of force
in the magnetic circuit of the motors. This
operation is continued until the desired num-
ber of field-windings of the motors have been
successively cut out of circuit, until finally
when all the field-coils of the motors have been
cut out which it is desired should be cut out
a further fall of the accelerating-current to a
point slightly below the normal causes the
controller-cylinder to be again advanced au-

tomatically to the position A® which is a step

necessary preparatory to a change of relation
or circult connection of the motorcs from se-
ries to series parallel or parallel, thereby cut-
ting in more turns of the motor- eld windings.

At this point it is necessary to operate the con-
troller by hand, inasmuch as the accelerating-
current 11&5_1101; been increased by the last au-
tomatic action, but rather has been still fur-
ther decreased. Therefore at this point the
motorman actuates the controller to advance
it to a point A”. This movement brings con-
tacts 10* 11* in contact with points 10 and 11,
respectively, and hence changes the connec-
tions of the motors in the particular arrange-

‘ment illustrated frowm series relation to par-

allel relation, as indicated at A7, Fig. 6. Dur-
ing this step or transition from series to par-
allel it is desirable to again introduce resist-
ance, and I therefore provide a gap in strip
12*.  If desired, only one of the motors may
be employed during this transition step, and
hence a similar gap may be provided in strip
8+, Inasimilar manner, if desired, gaps may
be also provided in strips 3* and 6.
whatever the changes may be during this
movement or change in the end thereof the
motors operate, as Mdicated at A", in parallel
with only a portion of the field- wmdmﬂs ol

each short-circuited.
to increase the accelerating-current to a point
slightly above the normal, and hence the au-
tomatic mechanismisagain broughtintoplay,
when such current falls below the normal,

However,
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thereby advancing the controller to the pomt |

A% and also cuttmﬂ out more coils of the field-
but leaving
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the motors in parallel, and hence again in-
creasing orrestoring the aceelerating-current,
and so on until finally the desired aceelera-
tion has been attained.. When in the position
A’ all the field-windings are again cut into
live eircuit, thereby arresting the acceleration

and reducing the current to a point necessary

to maintain a constant speed. Whenever it
18 desired tostop the car, the motorman turns

the controller to position D' or “ off” position, -

thereby breaking all circuits, when on appli-
cation of the brakes the car will stop, if de-
sired. |

I do not desire to limit myself to the use of
only two motors, as it is evident that any

~number of motors may be employved in asso-

clation with the method of control embodied
in the principles above explained. If four
Or more motors are used, each may be placed,
respectively, in series, series parallel, and
finally in parallel. In making the changes
from one to the other the contact-springs and
cooperating contact-points of the controller
may be so relatively adjusted and. arranged
as to cut out more or less of the windings of
the field of one or several of the motors and

produce and maintain a constant or substan-

tially constant and uniform acceleration and

a substantially uniform current in each mo-
tor until the desired speed has been attained,
and thereupon the windings of the field-mag-
nets of all the motors may again be placed in
circuit in order to reduce the current to a
point where it will operate the motors to pro-
pel the train at a uniform speed.

In the operation of the controlling method
embodied in my invention it will be obvious
from the foregoing description that the power
developedincreasesconstantly and uniformly
coincident with the constant acceleration of

speed up to a point where the acceleration is
arrested. At this point, however, a greater

power 18 being developed than is required to
continue to operate the motor at a uniform
speed. Therefore the action of reducing same
to a point such as to maintain a uniform
speed after the desired speed has been at-

tained also causes the power to drop to a point’

just necessary to carry the train at a required
and uniform speed. In the specific embodi-
ment forming the subject-matter of the pres-
ent application the constant acceleration is
secured by varying the windings of the mo-
tor-field—that is, by successively cutting out
from the motor-circuit the ampere turns or
eld, each step of the
operation which effects a cutting out of a mo-
tor-field coil resulting in a restoration of the

accelerating-current to a point slightly above

the normal, the position of the parts being
thereafter maintained until the development
of counter electromotive force reduces the
current to a point slightly below the normal,
whereupon through the antomatically-actu-
ating auxiliary motor the controller-cylinder
1s advanced another step, thereby cuttingout |

to cut 1nto circuit a desirable resistance to |

another or other coils from the motor-field
with a corresponding restoration of the ac-
celerating - current until finally the desired
speed has been attained, when all the wind-
ings of the motor-field are reéstablished in
the motor-cireuit, thereby maintaining there-
after a constant speed. In the diagram Fig.
9 I have shown the power-curve illustrating
this operation, C* designating the develop-
ment of power during the constant accelera-
tion, and C°indicating the fall of power when
the desired speed has been attained, and C*
1mdicating the constant power applied there-
atter to maintain a uniform speed.

It 1s evident that the uniform acecelerating-
current may be secured by varying the motor-
field windings of one or of all of the motors
either alone or in connectinn and association
with the variation in the circuit-resistance
or in connection and association with changes
in the relative connections of-the motors
themselves when two or more motors are em-
ployed or in connection or association with
both. ~
- It is evident that the principles of my in-
vention may be embodied in a wide variety
of specific forms and apparatus. 1donotde-
sire to be limited orrestricted to the specific de-
tallsand arrangement shown and described;
but, | |

Having now set forth the object and nature
of my invention and a form of apparatus em-
bodying the principles and mode of operation
thereof, what I claim as new and useful and
of my own invention, and desire to secure by
Letters Patent of the United States, is—

1. The method of controlling motors which
consists in varying the windings in the mo-
tor-field to maintain a substantially uniform
accelerating-current and, thereafter, reduc-
ing the motor-current to a point such as to

“maintain a uniform speed, as and for the
purpose set forth.

2. The method of motor-eontrolling which
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consists in'gradually reducing the number of

eld-windings of the motor-field, as the mo-
tor attains its speed, in order to secure a sub-
stantially uniform accelerating-current and
finally reducing the current to a point such
as to operate the motor at a uniform speed,
as and for the purpose set forth.

5. T'he method of controlling motors which
consists in varying the windings in the mo-
tor-field and also the relative connections of
two or more motors to maintain a substan-
tially uniform accelerating - current and,
thereafter reducing the current to a point
such as to maintain a uniform speed, as and
for the purpose set forth,

4. The method of controlling motors which
consists in varying the windings in the mo-
tor-field to maintain-a substantially aniform
accelerating -current and, finally, restoring
all the field-windings to the working ecircuit
to maintain a uniform speed, as and for the
purpose set forth.

5. In a motor-controller, a motor - circuit
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initially including therein all the motor-field

windings, relatively movable and stationary
contacts arranged to control said field-wind-
ings, an auxiliary circuit actuated by the fall
of current due to the development of counter
electromotive force for moving said movable
contacts, whereby a substantially constant
accelerating-current is maintained by suec-
cessively cutting out of circuit coils of the
motor-field, as and for the purpose set forth.

6. Inamotor-controller, a motor-cireuit ini-
tially including therein all the motor-field
windings,insulated contacts electrically con-
nected to the successive coils of the motor-

field windings , coOperating contacts arranged

to contact Wlth sald first- mentloned cont&et‘u
said sets of contacts being relatively mov&ble
an auxiliary motor a,rmnﬂed in said ecir u,ut
and actuated by the fall of current due to the
developmenttherein of counter electromotive
force, for moving said movable set of con-
tacts, whereby as the motor accelerates the
motor-field windings are successively cut out
of the motor-circuit, thereby maintaining a
substantially uniform accelerating - current
as and for the purpose set forth.

7. Inamotor- eontroller a motor-cireuit ini-

tmlly including all the Wmdm os of the motor-
ield, a series of stationary msulated contacts
respectwely connected to the motor-field
coils, a controller-cylinder having electric-
ally-connected contact-segments of varying
lengths adapted to cooperate with said sta-
tionary contacts, an auxiliary motor, means
actuated thereby for rotating said controller-
cylinder, said auxiliary motor arranged in
the main-motor circuit and actuated by the
fall of current due to the development of
counter electromotive force, whereby a sub-
stantially constant accelerating-current is
maintained, as and for the purpose set forth.

said ¢ircuit, as and for the

8 | 599,805

3. Inamotor-controller, a motor-circuitini-
tially including all the coils of the motor-field

magnet, a controller-cylinder, an auxiliary

motor for actuating the same, said motor ar-

ranged in the main-motor circuit and actn-

ated by the fall of current due to the develop-
ment of counter electromotive force in the
maln motor, contacts arranged to be closed
by the successive movements of said con-
troller-cylinder for sucecessively cutting ouf
of the motor-circuit the field-coils thereof un-
til the desired speed has been attained, and
a contact actuated by the further movement

of said controller-cylinder for reéstablishing

all the field-coils in the motor-circuit, thereby

reducing the acceleration to maintain there-

after a constant speed, as and for the pm"pose
set forth.

9. In a motor-controller, two or more mo-
tors, a cireult for said motors, said cireuit ini-
tially including all the field-windings of both
of said motors, a controller-cylinder, an aux-
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iliary motor for actuating same, said auxil-

iary motor arranged in the main-motor cir-
cuit and actuated by the fall of current due

to the development of counter electromotive

force in the main motors, and contacts con-
trolled by the movements of said cylinder for
successively cutting out of eircuit the field-
windings of said motors and for changing the
1*elatwe connections of said motors, and
finally reéstablishing the field - wmdm% in
purpose set forth
Tn witness whereof 1 have hereunto set my
hand, this 18th day of October, 1897, in the
presence of the subscribing witnesses.

SIDNEY HOWE SHORT.

Witnesses: o
M. A. XENSINGER,
JOHN J. BEVER.
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