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To all whom it mary concern:

Be it known that I, ARTroRr C. KASTWOOD, 2
citizen of the United States, residing 1n Cleve-
land, Ohio, have invented certain Improve-

‘mentsin Motor-Controlling Systems, of which

the following 1s a specification.

The object of my invention is to provide a

combination of apparatussuch that by the op-

-eration of a manual controlling device through

a series of predetermined positions certain
definite currents may be caused to flow in a
oiven circuit, the quantity of this curreunt be-
Ing always the same for a given operating po-
sition of said controller irrespective of varia-
tlons 1n the voltage of the supply-circuit.
One application of my invention is in con-

nection with the control of electric motors,

particularly in mstallations where a number
of motors are to be controlled from a single
point—as, for example, in the case of a mul-
tiple-unittrain. Insuchsystemsitisof prime
importance that the number of wires running
from the point of control to the various indi-

‘vidual controlling equipments on the cars be

reduced to a mintmum, and 1t 1s also desirable

that each position of the handle or operating- |

lever of the master-controller should result in

a definite combination of connections between

the motors and their controlling resistance.
My invention is particularly applicable to
a system in which the various circuit connec-
tions. between the driving-motors and the con-
trolling resistance are effected by means of
magnetically-operated switches. In the past
the common means of actuating such switches
consisted 1n connecting the solenoid of each

switch to a master-controller provided with

contacts tor energizing the various solenoids
in the desired succession. Such a system re-
quired the use of alarge number of wires and
was necessarily objectionable for this reason,
as well ason account of the resulting complica-
tion. It has also been customary to wind the
solenoids of the circuit-controlling switches to
respond to different voltages and to so connect
the master-controller as to cause it to succes-
sively increase the voltage applied to the so-
lenoids. Thisincrease of voltage was secured
either by varying the resistance in circuit with

50 the switch-solenoids or in an equivalent man-

tuation of sald plunger.

| ner by energizing the switch-coils from the

generator end of a motor-generator, the vol-
tage of the current supplied by said generator
being varied at will by the operation of the

“master-controller. It will be noted, however,

that both of these systems depend for their
successful operation upon the maintenance ot
a, constant line voltage, which is under condi-
tions ordinarily found a condition almost 1m-
possible to fulfil. In rallway work particu-
larly it is well known that where the voltage
1s normally five hundred it actually variesany-
where between three hundred and fifty and

six hundred and fifty volts, depending upon

the distribution of theload. Henceif the con-
nections of the master-controller be such that

of a series of controlling-switches to close

‘when the line voltage is at three hundred and
fifty a rise of the voltage to six hundred and

fifty would result in one, two, or more of the
succeeding controlling-switches closing with-
out further operation of the master-controller.
Asaresult the operator has no means of know-
ing the circuit relations of the motors, nor can
he tell when these circuit relations may be al-
tered by fluctuations in the line voltage. .
Since a solenoid or electromagnet requires
a oiven number of ampere turns of excitation
to cause its plunger to move against a given

resistance and since the number of turns of

each solenoid is necessarily constant, 1t 1s ob-
vious-that it is only necessary to deliver a cur-
rent of definite strength in order to cause ac-
Therefore where a
number of solenoids or electromagnets are to
be successively actuated I so design them that
they require progressively greater numbers
of amperes of current for their operation and
provide means for causing progressive varia-
tions in the strength of current delivered to
the windings.
system including a regulating device each of
whose positions causes a definite current to
flow in the circuit including the solenoid-wind-
ings and, moreover, provide means whereby
such current-flow is made independent of the
variationsof theline voltage. Forthis purpose
I take advantage of an inherent characteristic

- of series-wound motors—namely, the fact that
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the current-flow through the windings ofsuch a |

motor depends altogether upon the load and is
independent of the Voltwe of the current sup-
plied to it.
load 1s driven depends on the voltage of the
supply -circuit, while the current varies di-
rectly as the luad, I include a series motor in
series with the windings of the solenoids which
1t 1s desired to operate, these windings having
different numbers of tul ns. In 01(101 (o vary
the current-tlow through this circuit, 1 supply
means for gradually and quw(*ssnsely varying
the load on the motor by definite amounts, and
consequently cause suceessive operation of the
solenoids.

Referring to the drawings herewith, T have
shown & fmm of apparatus for carrying out
the invention.

Figure 1 1s a side elevation, partly in scc-
tion, illustrating the detail wmtructlon of
my master-controller {md its connection with
a series motor. Fig. 2 is a fragmentary ele-

.:Ltmn of the face of the controller shown in
Ifig. 1, illustrating the construction of the
master reversing-switch. Fig. 3 isa diagram-
matic view illustrating the connections be-
tween a series motor, the master-controller,
and thesolenoids of aseries of main reversing
and resistance-controlling solenoids:; and B I‘]ﬂ‘
4 15 a diagrammatic view il strating my con-
trolling system in connection with a 1"::]111 ality
of motors whose operation it is desired to
oovern.

in Fig. 1, A is a w]atwelv snm]l SCI'Ies Mo-
tor, to the qlmﬂ, of which 1s connected a fric-
tion disk B. In the present instance this disl
18 designed to be confined between an auxil-
1ary portion ¢ of the fl.:mmwo: k A’, upon
which the wh()l{, structure is carried, and thm ¢
1s a ring ¢', which is prevented from turning
by feathers ¢ holding it to said frame, though
permitting its motion toward and ho*n
(hsh B. Thisr Ing 1s engaged by a seccond disk
¢, from the center of whose outer face pro-
jects a lug ¢*, engaged by onc arm of a bell-
crank lever D. A welghted float «/ is hung
from the second arm of thm lever within a con-
tainer K, connected to a main reservoir I
through a relatively restricted opening ¢, in
addition to which there 1% a sccond opening
closed by a check-valve ¢, so disposed as to
frecly permit the flow of liguid from the main
rescervolr to the container If, while preventing
1ts flow 1n the opposite direction.

Within the main reservoir is a hollow float
or cylinder ¢°, having connected to it a rod
¢’y guided through a suitable opening in the
11.«_11’110 A" and carrying at its upper end a
roller ¢'.  Within the two containers E fmd
E' 1s a body of any suitable stable liquid,
such as oil or mereury, and the 5111)11301 TENCe
of the float ¢ within this liquid is (;oml rolled
by means of a cam F, carried on the shaft f._.
which hasattached toitan operating-handle 7.

Since the 5poed at which a given

| he.
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The above-deseribed mechanism is designed
to vary the load upon the motor A by certain
definite and constant amounts, for it will be
seen that with the motor A in operation and
the various parts of the device in the positions
shown 1n Fig. 1 if the handle # be turned the
cam I will permit the float ~* to rise, and a
change of level of the liquid in the two con-
tainers K and E' will thereby result, the flow
taking place from the container K through
the opening ¢ at a definite rate.

It 1t be assumed that the height of the liq-
uid in the two containers be such that the
welighted eylinder  is buoyed up by a
equal to 1ts weight, then this flow of i
from the container lﬁ will cause the satd eyl-
inder « to pull down upon the arm of the
bell-crank lever D, so as to increase the pres-
sure of the second arm of this lever against
the disk ¢*, and this by increasinge the friction
upon the disk will inerease the load upon the
motor A, which increase in load will be in
proportion to the amount of liquid escaping
from the contaimer . It will therefore be
seen that if the handle /" be turned through
onc hundred and eighty deorees without n
pause the float # immediately rises to its high-
est position, and as the Liquid gradually flows
from the contaimer I into the main reservoir
the load upon the motor A will be eradually
increased and the current talen by it will
correspondingly rise. It will further be un-
derstood that the amount of current taken by
this motor corresponding to a certain height
of liquid in the two containers is always the
same for the same position of the operating-
handle 77, so that if, as in Fig. 3, the motor
A is connected in series with tlm solenotds of
a number of resistance-controlling switches,
cach designed to be actuated I_Jy a certain
definite current, a relatively simple means is
provided for controlling the operation of a
number of main motm% In this ligure #° is
the armature and ¢ is the field of the motor
A, and this 1s connected to control ‘;he. OPEIa-
tion of three equipments (r G, and % There
are two solenoids ¢ and ¢ for 01){},mtmu each
reversing-switch H, to control the dn L('Ll()]l Of
rotation of the main motor 5 J, whiled®, o', .. ¢
represent the solenoids of a number of Auto-
matic switches for controlling the amount of
the resistance R in circuit with said motors.
Thnese latter solenoids have different numbers
of turns in their windings or may be otherwise
constructed, so that they will actuate their at-
tached mechanism under different conditions
of current-flow.

As shown In Fig. 2, I preferably arranee
means for actuating either of the solenoids (7

r ¢ of each Ievmmnn—qmtch H according
ELS to whether the handle " 1s moved in one
direction or the other, and for this purpose I
extend said handle below the shalt 7, provid-

auidl

1ng 1t with a contact #°, and mount upon a

74

75

foree

30

)0

95

10

1C

11

I1

L2

12




10

20

25

30

35

4.0

15

50

55

60 |

05

798.550

projecting portion of the frame A’ or other
support two pairs of seﬂ*mentsf £, F and
£°. connecting the segments 7~ f £ o one ter-
minal of:the motor A, whose second terminal
is connected to a trolley or third-rail shoe «'.
The segment #? is connected to one terminal
of each of the reversing-switch solenoids g,
while the segment 7°is similarly connected
to one terminal of the solenoids ¢'. The sec-

ond terminals of each of these solenoids are |

connected together and to the resistance-con-
trolling solenoids ¢°, ¢, which are connected
in series. ‘The last solenoid of the series has
its free terminal erounded. Under operating

conditions current cannot flow through the

controlling system until the handle /' be oper-
ated, and if this be turned through a suflicient
d]St‘H]GB its extension comes In o engagement,
with the segments F#* and 7F°, for example,
and current will flow from the shoe ¢* through

the armature ¢° and field-winding @’ of the

motor A, through said switch, the solenoids ¢
of each reversmw-swwch .:md throucrh all of
the r esmtanee-controlhnw solenolds q°. g "of
each of the equipments Gr &e.

Since the movement of the ‘handle f haS‘

permitted a change in level of the liquid in
the container K, a certain definite load has
been put upon the motor A, owing to the fact
that liquid has flowed from container E and
the support or flotation given the cylinder o
has been diminished, so that a current will
flow through said motor and through the va-
rioussolenoids, causing operationof “the solen-
oids ¢ and ot the first resistance-contr olling
solenoids ¢* of each of the three car equip-
ments shown.  As a result the main motors
J are connected for revolution in a certain
direction and thé main motor-circuit 18 com-
pleted through all of the controlling reswt—
ance R in the manner well known to the art

It the handle 7' be moved to its second point.,
more liquid will escape from the container li,

and because of the increased effective weight

of the cylinder ¢ there will be an increase of
the load upon the motor A, with a resultant
increase in the carrent-flow.  This additional
current-flow is suflicient to cause operation of
the three SO]OI”iOidb 7°, which have more turns
than solenoids ¢* and act to cut out a portion
of the controlhtw‘ resistance R from circuit
with the main motors. Further movement
of the handle 7' Ca,uses successive operation
of the solenoids ¢*.
motors are blmmllt up to full Speed with no
resistance 1n clr cmt.
dle #' be turned to its vertical position, the
rise of liquid in the reservoir E' will imme-
diately cause a corresponding rise of liquid
in the container I by reason of thie opening
of the check-valve ¢, so that the load 1s taken
off of the motor A so quickly that its removal
is practically instantaneous, and since the cur-
rent taken by sald motor correspondingly
falls all of the apparatus actuated by the so-

. ¢', until finally the main

If at any time the han-

| ing-switch solenoids

lenoids g, g°. .. g"1s automatlcallv returned to
its tnoper atlve p081t10ns -

1t will be seen thatas a result of the ahove-

described combination of apparatus in case

there should be, for example, an increase in
the line Voltage when the first two of ecach
series of solenoids have. operated. the speed

of the motor would 1ncrease, but the current-
flow would remain the same, since there would

be no change of load, with thé result that no
additional switches would be closed.  Should
the line voltage fall, the motor would merely
slow down, though, as before, the current-
flow would remain constant. Consequently
with my improved system the controlling-
solenoids are caused to operate successively,

while being altogether independent of the va-
riations in the Ime voltage.

T eclaim as my invention— .
1. A system including a series of electro-

magnetic devices constructed to actuate their

respective mechanism under different condi-
tions of current-flow, means for rendering the
current-flow through said devices independent
of variations in the voltage of the source of
supply, and means for varying said current-
flow at will to cause successive operation of
salcl electrom%wnetlc devwecs., Subst%ntmllv s
described.”

2. A system 1110111(:111’10' a series of qolenmds
having different numbers of turns in their
windings, means in circuit with said solenoids
for maintaining the current-flow therethrough
independent of variations in the voltage of
the source of supply, and means for varying
said current-flow at will to cause successive
operation of said solenmds substantially as
deecrlbed | |

A system including a series of electro-
mftg'netlc devices constructed to actuate their
respective mechanism under different condi-
tions of current-flow, a motor in circuit with
said solenoids, and a controlling device for
varying the load on the motor, substantnllv
as described. | -

4. A system including a series of windings
constructed to actuate thelr respective mech-
anism under different conditions of current-
ﬂow, a series motor 1n series with said wind-
ings, and means for varying the load on said
motor substantially as descrlbed

A system 1ncluding a series of windings
constructéd to actuate their respective mech-
anism under different conditions of current-
flow, a motor 1n circuit with said windings
with means, including a manually-operated
device and apparatus controlled thereby, for
varying the load on S‘le motor, substa,ntmllv
as described.

6. A system including a'series of resistance-
controlling solenoids, two reversing-switch
solenoids, a series motor, and a controlling
device for varying the load on the motor hav-
ing a switch whereby either one of the revers-
may be placed 1n circuit
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with the resistance-controlling solenoids and
the motor, substantially as described.

7. A system including a plurality of inde-
pendent motor-controlling equipments each
naving a series of resistance-controlling solen-
oids constructed to operate under different
conditions of current-flow, a series motor in
circuit with all of said solenoids, and means
for varying at will the load on said motor to
cause successive operation of the solenoids of
cach cquipment, substantially as described.

8. A system including a plurality of inde-
pendent motor-controlling equipments each
having a series of resistance-controlling solen-
olds constructed to operate under different
conditions ot current-flow, and two reversing-
switch solenoids, a series motor In cireuit with
the solenoids, and a controller for varying the
load on the motor, said controller including a
switch for supplying current to either of the
two reversing-switch magnets, substantially
as desecribed. |

9. A system including a number of solen-
olds connected in series and wound with dif-
ferent numbers of turns of wire, a series mo-
tor 1n circuit with the solenoids, with a con-
trolling device having means for varying the
load on the motor to cause predetermined cur-
rents to fl

ow, and a switch in circuit with the
motor and the solenoids, substantially as de-
seribed. |

10. A system including resistance-control-
ling solenoids operative by different currents,

reversing-switch solenoids, a motor in circuit .

with the solenoids, means for varying the load
on the motor, including a handle movable in
either of two directions, with a switch con-
trolled by said handle and connected to cause
energization of one of the reversing-switch
solenoids when moved either way from its off
position, substantially as described.

11. A controlling system including a motor,
a fluid-actuated device for supplying a load to
the motor, and a controller for varying the
load so applied, substantially as deseribed.

12. A controlling system including a motor,
a fluld-actuated deviee for applying a load to
the motor including a member connected to
oppose revolution of the motor-armature, a
body of fluid for floating said member, and
means for varying the flotation given the mem-
ber, substantially as described.

13. A controlling system including a motor,
a fluid-actuated device for applyine a load to
the motor including a container, a float there-
in having mechanism operatively connecting
1t to the movable member of the motor, a body
of fluid In said container, and means for vary-

793,570

ing at will the quantity of said fluid available

tosupportsald float,substantially as deseribed.

14. A controlling system including a motor,
alever having connecting mechanism whereby
1t may oppose operation of the motor, a
welghted float operative on the lever, a con-
tainer for the float, a reservoir connected to
the container, having in it a body of fluid, and
means for varying the level of the fluid in the
reservoir to vary the support given the float
in the container, substantially as deseribed.

15. A controlling system including a motor,
alever having connecting mechanism whereby
1t may oppose operation of the motor, a
weighted float operative on the lever, a con-
tainer for the Hoat, a reservoir connected to
the container, having within it a body of fluid,
a plunger for varying the level of the fluid in
the reservoir, and a hand-operated device for
controlling the position of said plunger, sub-
stantially as described.

16. The combination in a controlling sys-
tem, of a motor and means for governing the
load thereon, said means including a disk on

the motor-shaft, a fixed member for engaging

said disk, a bell-crank lever having one arm
operative on the said member, a weight hung
from the other arm of the lever, a container
having a body of liquid for said weight, and
a hand-operated device for varyinge the amount
of flotation given the weight and the load ap-
plied to the motor, substantially as desecribed.

17. A controllingsystem including amotor.,
a flnid-actuated device for applying a load to
the motor including a member connected to
oppose revolution of the motor-armature, a
body of fluid for floating said member, and
means for varying the flotation given the mem-
ber, said means including a plunger, a cam
for moving the same into the body of fluid and
a handle for operating said cam, substantially
as described. -'

18. A system including a series of electro-
magnetic devices constructed to actuate their
respective mechanism under different condi-
tions of current-fow, a motor in circuit with
sald solenoids, means for varyinge the load on
the motor including a controlling-handle, and
reversing mechanism having a switch oper-
ated by said controlling-handle, substantially
as described.

In testimony wherecof I havesigned my name
to this specification in the presence of two sub-
seribing witnesses.

ARTHUR C. KASTWOOD.

Witnesses: |

Narman L. MrrLer,
HeNRY A. SHARPE,
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