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To 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 Electric Motors,.of which the follow-
ing 1s a specification. |

This invention relates to methods of and
means for controlling motors, and is a divi-
sion of my application, Serial No. 637,212,
iled May 19, 1897. ,

The object of the invention is to provide an
apparatus and mode of operation for control-
ling eleetric motors for traction purposes in
a manner to secure a rapid acceleration of
the car or train and with much less consump-
tion of power in starting the train from rest

-and in maintaining a 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 and suburban trains.

Furtherobjects of the invention will appear
more fully hereinafter.

The invention consists, substantially, in
the construction, combination, location, and
mode of procedure, all as will be more fully
hereinafter explained, as shown in the ac-
companying drawings, and finally pointed
out in the appénded claims.

Referring to the accompanying drawings
and to the various views and reference signs
appearing thereon, Figure 1 is a view in dia-
gram 1llustrating an arrangement of the cir-
cultsand circuit-controlling contacts embody-
ing in part the principles of my invention.
Fig. 2 is a diagram illustrating the leads of
the ecircuits under various positions of the
controller. Fig. 3 is a view similar to Fig. 1,
wherein a less amount of resistance is em-
ployed. Fig. 4 is a view illustrating in dia-
gram the various circuits and changes there-
In resulting from the several steps in the op-
eration of the controller shown in Fig. 3.
Fig. 5 is a view similar to Figs. 1 and 3, illus-
trating diagrammatically two or more motors

50 and circuits therefor embodying the princi-

ples of my invention and a method of coup-

| ling up said motors in series or in parallel to

1

produce the effect of a uniform acceleration.
Fig. 6 is a diagram illustrating the various
changes in the motor-circuits resulting from
the various positions of the apparatus shown
in Ifig. 5. Fig. 7 is a diagram illustrating
the acceleration-curve of an ordinary series
motor. Fig. 8 is a diagram illustrating the
acceleration-curve of motors operated in ac-
cordance with the principles of control em-
bodying my invention. Fig. 9 is a diagram
1llustrating a theoretical power-curve.

In the practical operation of motors fortrac-
tion purposes it is exceedingly desirable to
maintain a constant acceleration of the train
In getting under way until the desired speed
is attained and thereafter for the train to pro-
ceed at a uniform speed. Such a desirable
result cannot be obtained under prior methods
of control for reasons which I shall now en-
deavor to explain.

In the case of an ordinary series motor—
for instance, such as is usually employed for
fraction purpeses—in order to start the train

| from rest a large current is turned into the
-motor to start it, thereby

developing in the
motor a very large horizontal effort. For the
irst few seconds the acceleration of the mo-
tor, and hence of the train, would be rapid
and satisfactory. If this rapid and satisfac-
toryacceleration could be continued uniform,
a theoretically ideal condition would be at-
tained and the acceleration-cuive of the mo-
tor would be indicated by a straight line A,
Fig. 7, and said. uniform acceleration would
accomplish a starting of the train from rest
in a satisfactory, quick, and speedy manner,
and hence would effect a large saving of time
in starting the train from rest. If this uni-
form acceleration were to continue, however,
the train would soon reach a rate of speed far
beyond the safety limit. In the case of an
ordinary series motor, however, as the arma-
ture of the motor gets under headway a coun-
ter electromotive force is developed therein
whichreducesthe current flowing through the
motor. This reduction of current flowing
through the motor results in a falling off of
the horizontal effort with a corresponding fall-

ing off of the increase each second of speed

| per second, so that instead of the ideal accel-

55

6o

75

30

Q¢

03

ICO




10

20

30

35

40

55

[&,

eration-curve A, Fig. 7, such curve takes the
form of that shown at B, Fig. 7, until finally
the current falls to a point where 1t will de-
velop only the power necessary to move the
train at a uniform speed. 7This variation of
the curve B from the straight or theoretically
ideal acceleration-curve A illustrates a fall in

the acceleration of the motor, and hence of the

train, and therefore a departure from the most

satisfactory and economical operation of the
motor.

It is the purpose of my invention to p1‘0V1de

3 method of control wherein the acceleration

in speed is practically uniformn until the re-
quired speed is attained, and from that point

onward the acceleration is arrested and a

uniform speed is maintained, thus resulting
in the acceleration-curve C, Fig. 8, substan-
tially the same as the theoretical curve A,
Fig. 7,such uniform acceleration resulting in
the train increasing its speed a given number
of feet per second for each second it is in op-
eration. If this uniform acceleration were to
continue, as above described, a speed of the
train or car would soon be attained which
would be far beyond the safety limit, and
therefore my method of control contemplates
arresting the accelerafion when the desired
speed 1is attained and thereafter permitting
the train tocontinue torun atauniform speed.
Therefore in the method of control embody-
ing these principles of my invention a train

starting from rest will rapidly and quickly at-

tain its desired speed and in a shorter space
of time than heretofore and with a much
smaller consumption of power, and hence re-
sultingin asaving of time in driving the train

from one station to another, the train getting

under headway rapidly and quickly under a
uniform acceleration of speed until the de-
sired speed is attained, when the acceleration
is arrested and a uniform speed thereafter is

maintained until it 1s desired to stop the train.

1These generic principles may be embodied in
& w1de variety of apparatus. |

In my above-mentioned apphe&tlon from
which the present case is divided, I have dis-
closed the generic idea involved and have
shown therein several arrangements for ac-
complishing the desired obJecb Forinstance,
a constant acceleration may be attained bv
successively cutting out resistances from the
motor-circuit durmn the accelerating period,

~or thesame result may be obtained by Vm‘yinn‘

the windings of the motor-field, or the same

- result may be obtained where two or more

69

motors are employed by varying the relative
connections of the motors so as to connect
sald motors in series, in series parallel, or in
parallel relation, or the desired object may
be attained by combining in two or more mo-
tors these several methods and while all of
these several methods are disclosed and ge-
nerically covered in my above-mentioned ap-
plication only the case where the desired ob-
jects are obtained by varying the resistance

1s specifically claimed, and it is the purpose |

lines at A’, Fig. 1.

599,806

of the present invention to specifically cover
that arrangement wherein the object sought
to be secured is attained by varying the rel-

ative connections and relations of the sev-

eral motors. Ina companion application ex-
ecuted and filed of even date herewith, re-
spectively, I have covered Speaﬁeally the
case where the desired object is attained by
varying the motor-field windings. However,

1in order to enable a person skilled in the art

to understand and comprehend the principles
involved I have deemed it expedient to illus-
trate herein the severalembodimentsreferred
toin order that their relation and codperative
arrangement may be fully comprehended.

- Referring to Fig. 1, illustrating an embodi-
ment of the principles above outlined, refer-
ence sign M designates a motor; T, the trol-
ley-mr(,ult therefor FF E?F°, the ﬁeld -ag-
net coils; R'R*R? E’fL R?, remsta,nees 1234
56 739, suitable comacts D and E por-
tions of eoépemting eontacts,whieh may coms-
prise contacting segments 14 2% 3% 4* 5% 64 74
8+ 9%, the Seveml pomts 123, &e., and cor-
1"esp011d1110 strips 1* 2% 3%, &e being rela-
tively movable, so as to be moved into or out
of contaet with each other. In the particu-
lar form shown the strips 1* 2% 3%, &e., are
mounted on the surface of a cylinder, the
diagram Kig. 1 illustrating such surface de-
veloped " The portion D of the controller-
cylinder is insulated from the portion H, as
indicated at X X, Fig. 1.

The motor M is provided with a very large

field-magnet, in whieh the iron is not thor-

oughly saturated with the lines of force un-
der ordinary conditions under which it is de-
signed to operate, so that any variationin the
number of ampere-turns of the magnet-core
will greatly influence the speed of the main
motor. It is therefore necessary in accord-
ance with the prineciples of my improved
method of control that the reluctance of the
magnetic circuit of the motors employed in
connection therewith should be moderately
low and that the windings of the field-mag-
nets be varied considera bly without result-
ing in undue sparking at the commutators
under great variations of Ivad. In other
words, the motor should be larger in capacity
thanis ordinarily used at present forthesame
class of work.

The first operation of the controller em-
bodied in the principles of my invention 1s for
the moforman to move the controller-cylinder
D E 1into the position indicated by the dotted
The motor-circuit will
thereupon be made as follows: from trolley T
through the windings of the motor-field mag-

net, the motor M, resistances R? R%, R? R?

R’, contact 3, strip 3%, and thence to sfrip 9°,
the several strips 3* to 9 being electrically
connected together, from strip 9* to contact
9, thence through the automatic arrangement
forautomatically actuating the controller-cyl-
inder. Thisautomaticarrangementmay com-

prise the ratchet G, suitably mounted on the
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controller-cylinder.
I is arranged to engage the teeth of ratchet
. A smt&ble auullary and automatically-
operated motor, preferably included in the
circuib above deserlbed Is arranged to pro-
ject said pawl arm or lover M. .Many differ-
ent arrangements of motor and specific con-
structions thereof may be employed for this
purpose. ‘T'herefore while I have shown and
will now describe a particular form of ar-
rangement and apparatus for accomplishing
the deswed object I desire it to be under-
stood that I do not limit or confine myself
thereto, as the principles therein may be em-
bodied in a wide variety of specific forms and
arrangementsof apparatusand still fall with-
in the spirit and scope of my invention. In
the particular form shown pawl-lever I is
pivotally connected to one end of a rock-lever
I, to the other end of which leveris connected

the magneticcoredJ, arranged to form the core

of the solenoid K, the coils of which solenoid
are included in the circuit connection a from
contact 9. duitable means for cutting the
coils of solenoid X into and out of live en*cuﬂs
with contact 9 automatically may be provided.

- This may be accomplished in any suitable or
~convenlient manner, and while I have shown
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and will now describe a suitable and conven-
ient arrangement for accomplishing the de-
sired ob;;ect I do not desire to be limited or
restricted thereto, thearrangement shown be-
ing merely 1llustmtwe of an operative appa-

ratus for aceomplishing the desired result.
In the form shown the circuit connection a,
after passing through the coils of the solenmd
K, includes a eonneetwu b and the coils of a

nmgnet (, and thence through connection g

to ground. A lever N, carrying or forming
the armature of maﬂnet Q, 1s-arranged to be
attracted when said maﬂnet 18 enewlzed and

thereby moved into position to m%ke contact
with stop O, included in a branch connection
¢, from connection ¢, thereby completing the
(311*011113 from contact 9 through connections ¢
and ¢, contact O, armature- lever N, connec-
tion b the coils of magnet ¢, connection ¢ g, to
Ground A spring P is arr: mn'ed as a retrac-
13116 for lever N and normally exer’rs 1ts ten-
sion to maintain lever N against stop S and

out of contact with stop O. From this ar-

rangement 1t will be seen that when the con-
troller-cyhndel" 1s turned by the motorman
into the position indicated by dotted line A’,
Fig. 1, a circuit through the motor-field wind-
ings and all the resistances is completed, as
above described, to contact 9, thence through
connection , aumlmry motor IK, Genneetwn
b, coils Q, and connection ¢, to Dmund As
soon as current begins to flow thlouﬂh the
windings of motor K the core J is dlawn into

said colls, thereby rocking rock-leverIagainst
the action of its retr actile spring L and in a
direction to move pawl-lever II in the direc-
tionindicated by thearrow, Fig.1,and marked
“On.” This movement of lever II however,
does not effect a movement of the controller—

The pawl arm or lever |

cylinder, becauseat thisstage in the operation
there 1s no tooth on ratehet ¢ in advance of
the end of the pawl-lever II. The magnet Q
becomes energized by the passage of current
thel‘ethrough, upon completing the circuit
above described, and hence effects an attrac-
tion of armature-lever N, thereby establish-
ing contact between said lever and contact
O, thereby completing the circuit through
connection ¢, contact O, armature-lever N,
connection 0, the windings of @, and connec-
tion ¢ to ground, thus short-circuiting auxil-
iary motor KX, and hence allowing spring L
to rock: lever 1 in the opposite direction to
that above described, and causing the end of
pawl-lever I to engage behind the first tooth
of ratchet .~ Under this condition the motor
starts up and begins to accelerate. As the
motor starts up a counter electromotive force,

as above explained, begins to develop in the
motor, which if pernntted to continue would
cause a falling off of the acceleration, and
hence the productmn of acceleration-curve
B. (Indicated in diagramin Fig.7.) The de-
velopment of this counter electromotive foree
in the motor acts to cause a reduction in the
current traversing relay Q. The tension of
spring P is so regulated that when the cur-
rent falls below a certain point said retractile
P comes into action and effects a separation
of the armature-lever Nfrom contact O, there-
by breaking the short circuit deseribed above,
and reéstablishing circuit through auxiliary
motor K. The 1eestabhshmﬂ of this cir cuit
effects the forward projection of pawl-lever
H, which through the engagement of the front
end thereof with the ”rst tooth of ratchet G
effects a movement of controller-cylinder in
a direction to cause contact-strip 4* to make
contact with point 4. The current through
the motor now passes through only the re-
sistances R° R* R® R? resistance R’ being
short-circuited or cutout by the contact estab-
lished between point 4 and strip 4*. The re-
moval of this resistance R’ from the motor-
circuit results in again increasing the current
through the motor to a point slightly above
the desired point. At the same time the in-
crease 1n current due to cutting out resist-
ance R'again causes relay Q to attract arma-
ture-lever N, thereby again short-circuiting
the auxiliary motor K automatically, until
the current flowing through the motor again
falls below the desired point by the continued
development of counter electromotive force
therein, until the relay is again opened by
such fall of current and the auxiliary motor
K is cut into live circult, thereby advancing
ratchet  another step, thus bringing con-
tact 5 and strip 5% into electrical contact.
1T'his connection results in cutting out resist-
ance R* from the motor-cireuit, “thus again
increasing the current through the motor-cir-
cuit and again actuating auxiliary motor K
and advancing the controller-cylinder an-

other step, in the manner above described,
| and 8o on, thus maintaining substantially a
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constant or practically constant acceleration |

of the motor. When the controller-cylinder
has been moved to a position such as to cause
strip 8" to come into contact with point 8, all

the resistances are out of the motor-cireult.

In the meantime, and when the controller-

- c¢ylinder is moved to its first position A’, as
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above explained, the contact-strips 1* and 24
are brought into connection with points 1 and
2, respectively. The points 1 and 2 respec-
twely form the terminals of the coils ' F' of
the motor-field magnet, and so long as strips
1+ and 24, which are electrically eonnected
together, remain in contact with points 1 and
2 coils I' ¥ are short-circuited out of the
leld-magnet circuit, and hence during the
condltlons above desel 1bed, wherein remst—
ances R’ R* R3, &e., are sueeesswely cut out
of the motor-eireuit, said field-coils F T re-
main short-circuited, leaving only the coils
I B9, &e., to pwduee the necessary lines of
fowe to be cut by the armature of the motor.
When, finally, the controller-cylinderarrives,
under the automatic action above described,
In position indicated by dotted line B’, Fig.
1, the current during the several steps men-
tioned remaining fairly constant, slightly ris-
Ing above the normal aceelerating-current de-
sired as the resistances are successively cut
out of circuit, and slightly dropping below the
desired normal accelerating-current as the
counter electromotive force develops. If left
in this position, the motor would thereafter
rapidly develop a speed greater than that re-
quired, as has been above explained. There-
fore the parts are so constructed and arranged
that when this point 1s reached the desired
speed has been attained, and hence by suit-
ably constructing and arranging the teeth of
ratchet G the automatic action of the con-
troller-cylinder ceases at this point; but, as
above explained, during all the preceding
operations and up to this position of the parts
a large portion of the field of the motor has
been short-circuited and out of use. Nowin
order to arrest the acceleration of the motor,
the desired speed having been attained, so as
to permit the motor to continue to operate at
a constant speed, the motorman now turns,
manually or otherwise, the controller-cylin-
der from the position indicated by dotted line
B’ to that indicated by line C', I'ig. 1. This
movement breaks the short cireuit of coils I
F’ of the motor-field by breaking contact be-
tween strips 1* and 2* and their codperating
contacts 1 and 2, thus causing the motor-cur-
rent from trolley T to traverse all the wind-
ings of the motor-field, thereby increasing the
number of magnetic lines of force cut by the
armature of motor M. This results in cut-
ting down the motor-current by building up
the counter electromotive force of the arma-
ture to a point whichis just sufficient to main-

tain the motor, and hence the train, at a

uniform speed thereafter. This movement
by the motorman of the controller to the po-

sition indicated by line C' does not affect the

| mot()l—

resistance-circuits, the motor continuing to
operate with the increased number of ampere-
turns around the core of its field-magnet, cur-

rent passing to point 8 without any resistance,

thence to strip 8%, strip 9%, contact 9, and

thence on, as above explained, either through

the short circuit¢ O N 6 Q ¢g to ground or

else through connection a, X, b, Q, and ¢ to
ground, i1t being understood that at this point
the automatic action of the controller-cylin-
der has ceased. Henceitisimmaterial which
of the above-described circuits from point 9
on the current may take. Under this condi-
tion the motor has attained through the con-
stantacceleration described its desn ed speed,
and then the acceleration has been arrested,
and the motor continues to operate ther caf—-
ter at a uniform speed.

From the foregoing description it will be
readily seen that “the aceelemtion-cuwe will
be somewhat jagged by reason of the slight
rising and falling of the current above and
below the desired or normal accelerating-cur-

‘rent; but byintroducing a sufficient number

of resistances, with an increase in the num-
ber of the codperating contacts and contact-

strips, this acceleration may be made practi-

cally constant, thereby developing a substan-
tially straight acceleration-curve C until the
position mdleated by the line B’ is attained,

when the movement effected by the motm-
man of the controller to the position indicated
by line C' effects a cutting in of more coils of
the motor-field circuit, thereby arresting the

“acceleration and hence producing the straight

line E', Fig. §,1n the acceleration-curve,which
indicates the uniform speed thereafter.
When it is desired to stop the train, the

“controller-lever 1s moved Dby the motorman,
thereby moving the controller-cylinder to the

position indicated by the dotted line D', Fig.
1, which is the ‘“off ” position, thereby break-

1ng all the motor-circuits, whereupon an ap-

plication of the brakes brings the train torest.
In FKig. 2 is shown diagrammatically the
circuit conditions corresponding to the sev-

eral positions A" B’ C' of the controller-cyl-

inder and from which 1t will be seen that in
the position A’ the motor operates with a por-
tion of the field-coils cut out of circuit and
with all the resistances included in eircuit.
In the position B’ all the resistances are out
of circuit, and the motor operates with a por-
tion of the field-coils short-circuited, and in
the position C', which is the last position be-
fore ‘‘off ” position is attained and which po-
sition corresponds to the uniform speed which
18 maintained after the desired degree of ac-
celeration has been developed, the motor op-
erates with all its field-coils in cireuit and
with no resistance.

From the foregoing description it will be
seen that the accelel ation of the motor in
starting may be effected in two ways—namely,
by varying the resistance included in circuit,
and, secondly, by varying the coils of the
eld—the cutting out of resistances in
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the motor-cireuit serving to increase the cur- |

rent flowing 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 coils in the
motor-field increases the number of lines of
force cut by the motor-armature and hence
serves to build up the counter electromotive
force of the armature, thereby reducing its
acceleration.

In Fig. 3 I have shown diagrammatically
an arrangement of both of these methods for
varying the acceleration employed together.
In this arrangement I employ a comparatively
small amount of resistance, and all of the
1eld-magnet coils are initially included in the
motor - eireult at the time of starting, and
hence a large number of lines of force are
urged through the magnetic circuit of the mo-
tor. In this arrangement I use a portion of
the counter electromotive force of the motor

.to maintain a substantially uniform current
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during acceleration instead of some of the
resistance, as described in connection with
Fig. 1. In this arrangement and method
when the controller is first moved to position
A’, which is the initial movement of the
controlier, by the motorman current travels
the following path: from trolley T, through
all the windings of the motor-field coils,
through motor M, resistances R® R? R/, con-
tact 5, strip 5* to strip 9%, contact 9, connec-
tion «, auxiliary motor K, connection b, relay
(, and connection ¢ to ground. The motor
thereupon starts up and begins to accelerate
rapidly,the circuit condition being illustrated
in diagram in the position A’, Fig. 4. All of
the resistances and also all the field-magnet
colls are now in circuit. Through the auto-
matic action of relay Q and auxiliary motor
KK, asaboveexplained, the controller-cylinder
1s advanced to the position indicated at A2,
Fig. 8, thereby bringing strip 6* into connec-
tion with contact 6, thus cutting out resist-
ance R'. Theline-cireuit condition by reason
of this movement is indicated diagrammatic-
ally at A% Tig. 4, only resistances R* R? being
in circult with all the field-coils. This eondi-
tion is maintained until the current again
fallsbelow the normal or desired accelerating-
point, thereby again effecting an action of
the automatic mechanism and advanecing the
controller-eylinder another step and to the
position indicated by line A® Fig. 3, thereby
cutting out resistance R?, the circuit condi-
tlon resulting therefrom being indicated in
diagram at A% Fig. 4, all the field-coils and
only resistance R® being included in circuit.
Finally, the controller arrives at the position
B, Fig. 4, and simultaneously therewith
strips 1* and 2* make electrical connection

with points 1 and 2, thereby short-circuiting

one of the coils of the field-winding. This
increases the accelerating-current of the mo-
tor by reducing fhe number of lines of force
cut by the armature, and hence serves to re-

1.

slightly above the normal or desired stage.
This condition is maintained until the con-
tinued development of counter electromotive
force in the armature causes the current to
fall to a point where the automatic auxiliary
motor above described again moves the con-
troller-cylinder another step to the position
marked B*. This movement brings strip 3*
into contact with point 3, thereby cutting out

‘another coil or coils of the motor-field, as in-

dicated at line B% TFig. 4, thereby again in-
creasing the auxiliary current to a point
slightly above the normal. This condition is
maintained until the current again falls by
reason of the development of counter electro-
motive force in the armature, thereby effect-
ing another actuation of the automatic aux-
iliary motor and relay, and hence advancing
the controller another step to the position B?,
and so on, thus successively cutting out the
coils of the motor-field and automatically
maintaining a substantially constant acceler-
ating-current, until finally strip 4* is brought
into contact with point4. At this point in the
operation the controller is brought to a posi-
tion where if the parts were left without fur-
ther movement too great a speed would be de-
veloped. Therefore a further movement of
the controller-cylinder to uniform-speed po-
sition is necessary, as indicated by dotted
line C'. This is effected by the motorman
and results in Dbreaking contact between
strips 1 2% 3* 4%, &e., and their correspond-
ing contacts 1 2 3 4, &e., thus again cutting
into the motor-circuit all of the field-coils.
T'his results in increasing the lines of force
in the magnetic circuit of the motor and con-
sequently builds up the counter electromo-
tive force of the motor and reduces its speed
to a uniform point, thereafter operating the
motor with all of its field-coils in circuit and
with no resistance, the position C' (indicated
in diagram, Fig. 4) indicating the contlinua-
tion of the motor to operate at its constant
speed, and when it is desired to stop the car
the motorman moves the controller-cylinder
to position D’ or off position, thereby breal-
ing the cireuit of the motor, whereupon on
application of the brakes the car comes to
rest. It will be readily seen that by suitably
regulating the number of resistances and also
the number of ampere-turns in the motor-
field, which are successively short-circuited
or cut out of the working circuit, a substan-
tially uniform accelerating-current is se-
cured, and the greater the number of tliese
resistances and coils which are successively
cut out the less jagged will be the accelerat-
ing-curve.

In the foregoing deseription my invention
is described as applied to a single-motor
equipment; but it is obvious that the prin-
ciples thereof are equally well adapted for
use with two or more motors placed on each
car or on each axle of a car. I have found
that the principles of my invention may be

store the accelerating-current to a point | attained in such an equipment by varying
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the relative conneections of the motors them- | pointsuch as to again bringintoaction the au-

selves—-that is, by changing the relation of
the motors from series to series parallel or
parallel, such change or variation in the motor
connections being utilized to secure the ad-
vantages noted—namely, a substantially uni-
form acceleration. This method of control
1s also and preferably employed in conjunec-
tion and codperation with the methods above
described. |

In Fig. 5 I have shown an adaptation of
my invention for producing a substantially
uniform acceleration of current until the de-
sired speed has been attained and thereafter
maintaining a constant speed in connection
with two or more motors, wherein the relative
connections of the motors from series or series
parallel or to parallel is employed in connec-
tion with the variations of resistance in the
motor-circuit and also variationsin the motor-
leld windings. InthisarrangementI divide
the controller-cylmder into fi
D® D8, insulated from each other and each
part eontmmnn electrically-connected con-
tact-strips, and T provide codperating con-
tacts 1 2 3, &ce., forming the terminals of the
field-windings of the several motorsemployed,
also the terminals of the cirenits, which in-
clude resistances R R', &c., and also the ter-
minals of the motor-circuits.
sired to start the motors from rest, the motor-
man turns the controller-cylinder to the po-
sition indicated by dotted line A’, thereby
completing the circuit from trolley T through
motor M', the windings F' of the field of said
motor WI" to contact 9, controller-cylinder
strip 94, Stl"lp 84, contact 8, motor M7, all the
coils F? of the field of said motor Mg, all the
resistances R’ R*, to contact 14, cylinder
contact-strip 144, strip 15%, contact 15, and
connection a, and thus on through the auto-
matic auxiliary motor above described in con-
nection with Figs. 1 and 2. Thus the motors
are started, the circuit condition being indi-
cated at A" Fig. 6, the motors being in series
and all the resistances R R®and all the coils
of the field-magnets of all the motors being
included in the motor-circuit, and the accel-
eration of the motors begins. When the ac-
celerating-current falls by reason of the de-
velopment of counter electromotive force in
the motor-armatures to a point slightly below

the desired normal point, the controller-cyl-

inder 18 advanced automatically one step by
the action of the auxiliary motor, as above
described, to position A%, thereby bringing
contact-strip 13* into connection with point
13 and hence cutting resistance R’ out of the
motor-circuit, as mchca,ted in diagram at A%
Fig.6. The 1"61110?’&1 of the 1‘681stance R’ from
Lhe motor-circuit again restores the acceler-
ating-current to a pomt slightly above the
norm al This condition of the line-circuit is
maintained until further development of the
counter electromotive force in the motors

ve parts D D* D*

When it is de-

tomatic mechanism above explained, thereby
again advancing the controller-cylinder an-
other step and to position A This move-
ment brings strip 124 into contact with point
12, thereby cutting out resistance R*, thus
again restoring the accelerating-current. The
foregoing action continues until finally all the
resistances are cut out, only two of such re-

| sistances being shown as illustrative of the
Thereafter further de-

principles involved.
velopment of counter electromotive force re-
sults in a further reduction of the accelerat-
ing-current and a consequent actuation of the
auxiliary motor, whereby the controller-cyl-

‘inder 1s caused to be advanced another step

tothe position A*, Without altering the elec-
trical connections above described this last-
mentioned step or advancement of the con-
troller-cylinder brings contact-strips1* 2*into
contact with points 1 and 2 and also strips

4% 5% into contact with points 4 and 5, respec-

tively, thereby short-circuiting a portion of

the field-windings of both motors, as indicated

in diagram at A% Fig. 6. This reduction of
the ampere-turns of the motor-field windings
serves to restore the accelerating-current by
reducing the lines of force in the magnetic
circuits of the motors, thereby again restor-
ing the accelerating-current toa pointslightly
above the normal.
tained until the accelerating-current again
fallsslightly belowthe normal by reason of the
development of counter electromotive foree,
whereupon the confroller-cylinder is again
advanced automatically and to position A°®,
thereby bringingstrips 3* and 64, respectively,
into contact with points 3 and 6 thus again
cutting out additional eoils in the field-wind-

ings of the motors and hence corr espondingly
'increasing or restoring the accelerating-cur-

rent to a point slightly above the normal by
further reducing the lines of force in the mag-
netic circuits of the motors. This action is
continued until finally all the coils of the fields
of all the motors which it is desired to remove
havebeen cut out, and upon the fall of the ac-
celerating-current to a point slightly below
thenormal after the last coil which it is desired
to be cut out of the motor-circuit has been
removed the controller-eylinder is advanced
again automatically to the position A°® which
is a step mnecessary preparatory to a change
of the circuit connections of the motors from
series to series parallel or to parallel. This
movement of the controller-cylinder causes
the following circuit condition to result, as
indicated at A’ Fig. 6, wherein the resist-
ance R? and also some of the coils of the ield-
magnets of the motors which had been pre-
V10usly cut out are again restored to the
working circuit. Inasmuch as the accelerat-

ing—_eurrent has not been increased by this

last-mentioned change, but rather has been
still further decreased by cutting in more

again reduces the accelerating - current to a | turns of the motor-field windings, it is neces-

This condition is mnain-
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sary to now operate the controller-cylinder |

by hand to advance it to the next position or
to the point A’,
tacts 10° and 11* into electrical contact with
points 10 and 11, respectively, and hence
changes the relation of or connections of the
motors in the particular arrangement illus-
trated from series to parallel, as indicated at
A", Fig. 6. If desired, onlyone of the motors
may be employed during this transition, and
hence a gap may be provided in strip 8°.
Similarly, if desired, gaps may also be pro-
vided In strips 3" and 6* and in strip 124,
thereby cutting in some of the field-coils
which had previously been cut out of circuit
and also cutting in some of the resistance
which had been previously cut out. Ilow-
ever, whatever the changes may be during
this nlovement at the end thereof the motors

operate, as indicated at A%, in parallel, with
only a portion of the field-windings of each
motorshort-circuited. Thistransition results
in increasing the accelerating-current to a
point slig htly above the normal, and hence
when such current again falls below the nor-

mal by the development of counter electro-
motive force the auxiliary motor is again
brought into play, thereby again advancing
the controller-cylinder and to the point AS,
thus passing the gaps of the strips 3* and 64
and hence cutting out more coils from the
motor-fields, but leaving the motors in par-
allel and hence again restoring the accelerat-
ing-current to a point slightly above the nor-
mal, and so on, until finally the desired ac-

- celeration has been attained, until the con-

troller-cylinder arrives at the position indi-
cated at A’, when all the field-windings are
again cut into live ecircuit in order to &rrest
the acceleration and reduce the current to
the point necessary to maintain a constant
speed. Finally, when it is desired to stop
the car the motorman turns the controller-
cylinder to the position D' or off position,
thereby breaking all the circuits, whereupon
on application of the brakes the train comes
to rest.

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 employed in carry-
ing into practical effect the method of con-
trol embodying the principlesabove set forth.
If four or more motors are used, they may
be placed, respectively, In series, in series
parallel, and finally in parallel, and in mak-
ing the changes from one to the other the
eontaetinﬂ stri ps andthe codperating contact-
points may be so regulated and 1‘elatwely
adjusted as to cut out more or less of the
windings of the field of one or of several
of the motors and to cut into circuit a de-
sirable resistaunce, thereby producing a sub-
stantially uniform acceleration and a uni-
form current in each motor in which the de-
sired speed has been attained, and thereafter
the windings of the field-magnets of all the

This movement brings con-

g

' to reduce the current where. it will operate

the motors to propel the train at a uniform
speed.

In the operation of the controlling method
embodying my invention it will be obvious
from the foregoing description that the power
developedincreases constantly and uniformly
coincident with the constant or substantially
constant acceleration of speed up tothe point
where 1t 18 desired to arrest the acceleration.
At this point, however, a greater power is he-

1ng developed than is required to continue to

operate the motorat auniform speed. There-
fore the action of reducing the current to a
point such as to mamfmn a uniform speed
after the desired speed has been attained also
causes the power to drop to a point just neec-
essary to carry the train at a required uni-
form speed. I have shown in diagram, Ifig.
9, the power-curveillustrating this operation,
C*designating the development of powerdur-
Ing constant acceleration, C° indicating the
fall of powerwhen the desiredspeed has been
attalned and the acceleration arrested, and
C* indicating the constant power applied

thereafter tomaintain a uniform speed. Thus

1t will be seen that in the method of control
embodying my invention I secure economy in
current and also in power, at the same time
attaining the advantages of a substantially
uniform acceleration, by which the train rap-
1dly attains its speed when started from rest.

While I have disclosed a method of control
wherein the desired objects sought are at-
tained by varying the 1*651813&1106 in the mo-
tor-circuit, I do not claim the same herein, as
the Speclﬁc subject-matter thereof is set; forth

and specifically claimed in my application,

Serial No. 637,212, filed May 19, 1897, of which
the present application is a division, and
while I have disclosed herein a method of con-
trol wherein the results sought are secured
by varying the field- wmdmﬂs I do not claim
the same in this apphcatmu, as such subject-
matter is specifically covered in my compan-
1on application executed and filed of even
date herewith.

1t 1s evident that the principles of my in-

vention may be embodied in a wide variety.

of specific forms of apparatus, and I do not
desire thel efore, to be limited and restricted
tothe Spem ic cletmls and arrangementsshown
and described; but,

Having now set forth the object and nature
of my invention and a form of apparatus em-
bodying the principles thereof and the mode
of operating the same, what I claim as new
and useful and of my own invention, and de-
sire to secure by Letters Patent of the United
~States, 15—

1. The method of controlling motors which
consists in varying the relative connections
of two or more motors to maintain a substan-
tlally uniform accelerating-current,and there-
after reducing the current to a point such as
to maintain a umform speed, as and for the

motors are agaln replaced in 011‘011113 In order i purpose set forth,
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2. In a motor-controller, two or more mo-
tors, initially connected in series, a controller-
cylinder, an auxiliary motor arranged 1n the
motor-circuit and actuated by the fall of cur-
rent due to the development of counter elec-
tromotive force, for automatically actuating
said eylinder, and contacts controlled by said
cylinder for varying the relative connections
of sald motors, as and for the purpose set
forth.

3. In a motor-controller, two or more mo-
tors, initially arranged in series, a controller-
cylinder, an auxiliary motor arranged in the
circuit of the motors and actuated by the fall
of current due to the development of counter
electromotive forece, for actuating said con-

troller-cylinder, circuits controlled by said
confroller-cylinder for varying the relative

connection of said motors, whereby when the

current -falls by reason of the development
of counter electromotive force such current
is restored automatically, and means for
finally arresting the acceleration and reduc-
ing the current, as and for the purpose set
forth. |

In witness whereof I have hereunto set my

hand, this 1Sth day of October, 1897, in the
presence of the subseribing witnesses.
SIDNEY HOWE SHORT.
Witnesses:
M. A. KENSINGER,
JOHN J. BEVER.
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