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(No model.)

1o all whonv it maiy conceriv: -
Be it known that we, FRANK A. MERRICK
and EMMETT W. STULL, of Johnstown, in the
county of Cambria and State of Pennsylvania,
5 haveilnvented anewand useful Improvement
in Controlof Klectric Motors, of which the fol-
lowing is a full, elear, and exact description,
reference being had to the accompanying
drawings, which form a partof thisspecifica- |

io tion. |

Our invention has relation to the control
of electric motors, aud more particularly to a
system of control for use on electricrallways
where cars are run in trains, in which one car

15 or more than one or all the carsare equipped
with propelling-motors.

The 1nvention is designed to simplify the
‘controlling means by dispensing entirely with
the use of master-controllers and with pilot-

20 motors or other devices controlled by the
master-controllers for actuatmrr the 1ndivid-
ual motor-controllers and to effect the circuit
changes which wvary the speed, power, and
braking action of the motors directly by

25 means of manually - operated controllers
mounted on the car-platforms.

(Generally considered, our system consists
in providing means of the novel character
hereinafter more fully described, and pointed

30 out in the claims, whereby all the motors
throughout the train may be controlled from
any car of the train in the same manner as
1f they were all mounted upon a single car
by the operation of a unitary Comlolluw

34 mechanism as distingushed from the s mulm—
neous or concurrent operation of a number of

~econtrollers throughout the train. Iach mo-
tor-car i1s provided with one or more of these
unitary controlling mechanisms, any one of

40 which may be selected as the operating one,
and any motor-car may be run singly or in
connection with anumber of trailers as well as
1n connection with other motor-cars, the con-
trollers being arranged each to control all the

45 motors for Wmch 1t 1s eonstructed or a less
number. Included in the system are means

whereby the motors of any car may be dis-
connected from the cireuit at any time with-

out detaching the car from the train and with-
out interfering with the operation of the mo-
tors of the other cars,and also means whereby
when any car is being run singly or in con-
nection with trailers only one of its motors
may be removed from circuit if disabled.

As a further part of the system we arrange

50

' the car-wiring in such a manner that it 1s the

same on each motor-car and the cars may be
connected up in a train without regard to
end relation or to particular location in the
train. - |

Our invention also consists in the novel
construction, arrangement, and combination
of parts, all as hereinafter described, and
pointed out in the appended c¢laims, referencs
being had to the accompanying drawings. In
these drawings we have shown the invention
as applied to a train composed of two motor-
cars and an intermediate trailer-car, each of
the motor-cars being equipped with two mo-
tors. As will appear hereinafter, our inven-
tion is not, however, limited to a train of this
particular composition. |

Figure 1 is a diagram showing the car and
train circuits. Fig. 21isa diagram which rep-
resents in a simpler form the circuits of Ifig.
1, all the controllers except the one which is
being operated being omitted. Iig. 3 is a
diagram showing the general arrangement of
car and train wiring, m:ld Kig. 4 1s a series of
diagrams llluhtlﬂtlnw the motor circults in 80
the “different power ¢ ‘md brake pomtwns ot the
controller.

In Fig. 3 each of the motor-cars 1s shown
as having two controllers, one at each end,
connected in multiple in the circuit; but in
I'ig. 1, owing to lack of space, only one con-
‘nmllel is shown on each car, and this, in faet,
will in some cases be the ‘wr..-mgementln pr ac-
tice. To further economize space in Ifig. 1,
the train-wires which run from the inferme-
diate trailer-car are shortened beyond their
true proportions and the developments of the
controller-drums are pm‘tially broken away.
The full development is, however, shown in
Fig. 2, in which the cirenits may be very casily g5
traced.
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Inthesediagrams the letterT wherever seen

indicates the connection by trolley or other-
wise with the supply-cireuit, and & indicates
ground or return connections.

C'S’ indicates canopy-switches; LA, light-
ning - arresters; CC, choke-coils, and B3OC
blow-ont colls.

The fourmotors arerespectively designated
as No. 1, No. 2, No. 3, and No. 4, their arma-
ture-coils being further designated as A', A3,
A% and A% respectively, and their field-coils
B, B2, I3 and I™, respectively.

D, Ifig. 9, indicates the casings of the mo-
tor-controllers; CS, the developments of the
controlling-switches; RS, the developments
of the reversing-switches, and CO’, CO?, CO?,
and CO*cut-oat switches, one for each of the
four motors.

R R' indicate resistance-coils, BM brake-
magnet colls, and B> switehes for elosing the
braking-cireuit when the cars are run singly,
as hereinafter described.

ADS 1ndicates auxiliary switches, the pur-
pose of which will hereinafter appear.

The controlling-switches CS are preferably
of the type deseribed and claimed in our Pat-
ent No. 681,453, dated August 27, 1901, in
which the movable contact-carrying members
are each provided with a plurality of contacts
which coOperate with relatively stationary
contact-iingersand circuit connections to con-
nect the motor elements (field and armature
coils) in groups, in which the individual ele-
ments in each group are in parallel with each
other, and to connect said groups or certain
of them either in seriesorin parallel and also
to connect the motors as a whole in parallel.
Other contacts brought into operation by a
reverse movement of the switeh from its off
position are properly arranged to connect the
motors 1n parallel in a closed local circuit
for braking purposes. The several running
power positions of the controlling-switches
are indicated by the broken vertical lines on
Fig. 2, numbered from ““17to ““7,” inclusive,
and the braking positions are indicated by the
lines 1%, 2% 3 and 4. The reverse-switches
RS are, with respect to the two positions
marked ‘“ Ahead” and ‘‘ Back,” substantially
the same as in the said patent, and the arma-
ture-coils are connected thereto in a similar
manner. T'he reverse-switches are also pro-
vided with certain other positions, which will
e described hereinafter.

Referring now to Figs. 1 and 3 and assum-
ing the train to be rununing in the direction
indicated by the arrows on Ifigs. 1 and 3, it
will be noted that there are two cables which
ran throughout the train, the connections be-
ing made between the cars by means of suit-
able couplings II. One of these cables, which
in Ifig. 3 is marked ““No.1 and No. 2 cable,”
1s composed of the conductors to which are
connected the leads from the elements of mo-
tors No. 1 and No. 2, ard the other, which is

marked *“ No. 3 and No. 4 eable,” is composed .

702,981

of the conductors to which are connected the
leads from the elements of motors No. 3 and
No. 4. In order to facilitate fracing these
connections, we have marked the train-wires
1in Ifig. 1 with reference-signs which corre-
spond to the relerence characters which des-
1gnate the several motor elements, with the
stign of the respective motor-terminal added.
T'hus the train-wire to which the positive ter-
minal of armature-coil A’ is connected is
marked ““ A7) and the conductor to which
1ts negative terminal is connected is marked
“A7 &e. We have also marked the sta-
tionary contact-fingers of the two controlling-
switches (shown in Figs. 1 and 2) with cor-
responding reference characters. The con-
nections from the terminal of each motor
lead from these fingers to the corresponding
train wires or conductors through the respec-
tive cut-out switches, the armature connec-
tions also being through the reverse-switches.
1t will be noted, however, that while at the
front controller the leads for each motor are
connected to the train-wires having corre-
sponding reference characters, at the rear
controller the corresponding leads go to a
different group of train-wires—that is to say,
the leads from fingers A" A™ '+ I~ of the
front controller go respectively to the corre-
spondingly - marked train - wires, while the
leads from the rear controller go respectively
to train-wires marked A% A5~ I3 13— The
leads A*" A~ F*" I*" from the front control-
ler connect with the correspondingly-marked

train-wires;butthe corresponding ieadsof the-

rearcontrollerconnect with train-wires At A1-
[ [0 The leads AT AP~ I8 I8~ from the
front controller go to the correspondingly-
marked train-wires, while the corresponding
leads from the rear coutroller go to train-
wires marked A™ A" IV I~ and the leads
AT AT I from the front controller go
to the corresponding train-wires, while from
the rear controller they go to wires A*t A%
= T, By reason of this arrangement it
will be apparent that if the train be operated
from the controller at the rear end of the
train former motors No. 3 and No. 4 become,
in eifect, motors No. 1 and No. 2, and former
motors No. L and No. 2 become, in effect, No.
g and No. 4. This arrangement enables all
the controllers to be exactly alike. The cut-
outswitches onall the cars may be arranged,
numbered, and connected with their re-
spective controllers in the same manuer,
and the general arrangement of the car-

wiring may be the same for all the motor-

cars. T'his not only avoids confusion to the
moterman which would result from the vari-
ous switches being dilfferently arranged and

- differently marked on the several cars, but

1t also makes the location of any car on the
train immaterial as affecting the operation of
control. 'T'he advantage of the arrangement

may,perhaps,be illustrated by noting the fact
that 1t is by reason of it that the diagram in
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Fig. 2 is perfectly accurate as representing
either the front or the rear controller as being
the one in use.

In order that the cars may be coupled up in
the train without regard to end relation, No.
1 and No. 2 cable and No. 3 and No. 4 cable
are crossed on each motor-car in a manner
well known in the art.

The cut-out switchesindicated in thedraw-
ings are substantially like those shown in our

sald patent, except that a separate switch 18 |

provided for each motorinstead of one switch
foreach patrot motors. The cut-outswitches
for No. 1 and No. 2 motors are also provided
with an additional contact cor ¢, the pur-
pose of which will presently be described.
In Fig. 2 the cut-out switches are for conven-
ience indicated by conventional representa-
tions of separate switches placed 1n each of
the leads of the motor-terminals. "The aux-
iliary switches AS are also substantially the

same in their general construction as the

similar switches shown in said patent, being
arranged to be automatically thrown {from
‘““power” to ‘“‘brake’” position and reversely

by the corresponding movement of the con-

trolling-switch. The main purpose of these
auxiliary switches is to provide simple means
for effecting a ground or return connoc-
tion for the motor-circnits in the power po-
sitions of the controlling-switches and to
break their connection and close the local eir-
cult of the motors for the braking positions.
These switches are also each provided with
an additional contact s, to which the colils BM
of the brake-magnets are connected from the
resistance . T'his connection is shunted
by the resistance-coil R', which is connected
to the conductor X, which in positions 4, 5,
6, and 7 completes the ground connection
around the resistance R. DBy reason of the
connections jﬁst described when the control-
ling-switch 1s moved back from the braking
to the power positions sufficient cuarrent is
shunted by the action of resistance R’ through
the colls BM to neutralize the residual mag-
netism of the brake-magnets. The general
connection of these switches together with

“their operations are clearly shown in Figs. 1,

2, and 4 and need not be described more in
detaill.

The brake-magnet coils BM are connected
between two train-wires BB, Ifig. 1, wire B
being connected at both controllers to the
contact s of the aunxiliary switches and wire
B’ being connected to the resistance-coils R.
It will be noted from IFig. 1 that each motor-
car 18 provided with a full set of resistance-
colls, each set being connected in the same
manner with the controlier of 1ts car and with
the train-wire I3, so that with either controller
in use the resistance-coils on that particular
car are brought into operation, while those
on the other car are open-circuited.

We have shown brake - magnets on the

trailer-car only, but obviously they may be ! thatifi did before.

.

e T e T

- are provided.

connections remaining as at position 1.

33

' used on all the cars connected in multiple be-

tween the train-wires B B'. Ifor the purpose
of closing the braking-circuits on the motor-
cars when they are detached from the train
and running singly the hand-switches BiS
These switches are connected
in the leads from the wires B B’ to the con-
tacts s of the switches AS and to the con-
troller-switches and are left open when the
cars are running in frains.

From the foregoing the manner in which
oither controlier may be operated to control
all the motors on the train in the same man-
ner as if said motors were all on the same car
will be clear. We will now refer briefly to
the manner in which the motor elements are
connected in the various positions of the con-
trollers in order that it may also be clear how
either controller may be operated for two mo-
tors only.

Referring to Fig. 4, it will be seen that in
starting from rest the motor elements are all
connected in groups whose individual ele-
ments are in parallel with each other, and all
the groups are connected in series with each
other and with the resistance-coils R. Af
positions 2 and 3 portions of the resistance
are removed from circult, and at position 4
the resistance is entirely removed, the other
Al
position 5 the series connection between the
two armature groups 1s maintained, asis also
the series connection between the armature
and field groups; but the field groups them-
selves are connected in pm*allel At position
6 the series connection of thefield groups is re-
stored, but the armature groups are connected
in pamllel with each other and in series with
the field eroups. At p031t10n 7each armature

1S plaeed in sel,ies with its field and the four

motors as a whole are connected 1n parallel.
These several motor combinations provide
for the necessary range in the power and
speed of the motors. The last diagram 1in
Iig. 4 shows the motors connected for bralk-
ing in a elosed local circuit, the armature and
field groups being in series with each other
and individually in parallel. Toavoid mul-
tiplicity of dlfwrm:us this one diagram 18
made to indicate the four braking posmons
by showing in dotted lines the short-cirerit-
ing of Suceessive sections of the resistance Ix.
The manner in which the various motor com-
binations are effected is fully deseribed inour
said patent and ismoreover clearly shown by
the present diagrams, so that it is unneces-
sary to trace out the circuits in detail.

It will now be apparent thatif the rear car
carrying motors Nos. 3 and 4 be detached

from the train it will simply open all the ecir-

cuits leading to the terminals of those two mo-
tors without in any manner disturbing the cir-
cuits of motors Nos. 1 and 2, and the opera-
tion of the front controller will effect pre-
cisely the same combinations of these motors
Likewise the detachment
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of the front car will open all the circuits | through field I, through contact-arm o' and

leading to motors Nos. 1 and 2 and the con-
troller on the rear car will operate motors
Nos. 3 and 4. In a similar manner if when
running In a train the motors of either car
or one of them become disabled the opening
of the corresponding cut-out switches will
leave the circuits in the same condition as if
that car had been detached, and the train can
be run with the remaining motors. When,
however, one of the motor-cars is being run
singly or 1in connection with trailersonly and
one of 1ts motors becomes disabled, the cut-
ting ount of circuit of that motor without in-
terfering with the operation of the remain-
1Ing motor cannot be effected by merely open-
1ng the corresponding cut-out switch, since
that would leave the circuit of tho other mo-
tor broken. We therefore provide the re-
versing-switches with the additional contacts
shown in the positions marked ‘“ No. 1 back,”
‘““No. 1lahead,” ‘““No.2back, “No.2ahead,”
and also provide the cut-out switches CO’
and CO® of all the cars with the additional
fixed contacts cc’ before referred to. Sup-
pose that motor No. 1 1s to be cut-out. The
reverse-switch of the controller being used
is moved to position No. 2 ahead (or No. 2
back) and the cut-out switech CO’ is thrown
open. Inasmuch as the current for arma-
ture A*in the operation of the controller for
two motors passes through armature A’ bhe-
fore going to armature A* the opening of
switeh CO’' cuts off the trolley connection
from A®; but this is overcome by the addi-
tional contacts of the reverse-switch now
brought into play. As may be seen from
Fig. 2, the current after passing through the
blow-out coil BOC from the finger marked A’
goes to fingers 13 and 12, thence to contacts
2" z of the reverse-switch, to fingers 4 and 5,
contact z¢, finger 6, armature A? finger 7,
contact z°, finger 3,through contacts of switch
CS to finger E'", through arm o of cut-out
switch CO’ to confact ¢, to and through field
I**, to switch CSand ground. Thisshows the
parposeof the contact ¢ of switch CO’, which
when that switch is thrown to its open posi-
tion 18 engaged by arm o, {which normally
forms a part of the connection to field E',)
and thus makesadirect connection to field K>,
This 15 clearly shown in Kig. 2. The con-
tacts 2’ 2° 2! 28 of the reverse-switch are ar-
ranged 130 reverse the current through arma-
ture A® when the reverse-switch is moved to
position No. 2 back. If'motor No. 2 is to be
cut out, the switch CO~ is thrown open and
the reverse-switch is moved to position No. 1
ahead or No. 1 back. The current from trol-
ley T' now passes through blow-out coil BOC
to finger 13, contact zM, finger 14, armature
A’, finger 15, contact z¥, finger 16, finger
A", through contacts of switch CS to fin-
oer A", to ﬁnﬂer 4, to contacts 2’ 2° finger1,
{inger A'
finger "

Lhrough contacts of switeh €S to
-arm o o and |

, through contact

contact ¢’ of cut-outswitch CO~toswiteh CS to
oround. Inthiscase thecontacts:z*and 2 of
the reverse-switeh maintain the eircuit to and
through armature A', and the contacts z° 2
make a connection around the armature A~
The contact ¢’ and arm o' of the switeh CO?
(which codperate in the same manner as con-
tact ¢ and arm o of switeh CO") complete the
connection from the field I to ground. The
contacts 10 21?21 =M are arranged to reverse
the current from the armature A’ when the
reverse-switeh 1s moved to position No. 1
back.

In tracing the above circuits it has been as-
sumed that the switeh CS is at one of its
first four positions, means of any well-known
character being provided to prevent said
switech from being moved beyond its series
positions when but one motor is being used.

The connections effected by means of the
contacts ¢ ¢’ might be made at the reverse-
switeh; but to do so would very largely com-
plicate that switech and its connections, since
1t would be necessary to bring the terminals
of the field-colls to that switch, whieh would
require a considerable increase in the num-
ber of contact-fingers and contacts.

1t 1s apparent that any number of trailer-
cars consistent with the power of the motors
may be used, and it will also be seen that the
number of motor-cars in the train may be in-
creased. Ifor instance, by providing each
controller with two similar switech-drums CS,
oeared together to revolve in unison by the
operation of a single handle in a manner well
known in the art, it would be possible to con-
trol eltherone, BWO three, or four motor-ears,
having two Motors each, or by the same pro-
vision each of two motor-cars might be
equipped with four motors, Thesystem,how-
ever, is considered to be more particularly
usefual in the more limited application there-
of,which we have herein shown and desecribed,
owing to the multiplication of train-wires and

- connections which result when the number

of motor-carsisinereased. It will bealso ob-

I vious that our invention is not limited {0 the

use of controllers of the specific character
herein shown and described, since other types
of controllers may be employed which will
operate a plurality of motors in groups on
mualtiple circuits, so arranged that the cireuit,
o one or more groups may be opened without
affecting the circuit of the remaining greup
or groups, nor are we limited to various other
minor details, all of which may be more or
less changed by those skilled in the art with-
out departing from our invention.

Having thus described our invention, what
we claim as new, and desire to secure by Let-
ters Patent, is—

1. In a system of train control, the combi-
nation with a plarality of train-wires towhich
the motors are connected, four for each mo-
tor, of one or more manually - actuated con-
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trollers on each car connected to each train-
wire, corresponding leads in the different con-
trollers being .connected to different train-
wires.

2. In a system of train control, the combi-
nation with a plurality of train-wires to which
the motors are connected, of one or more
manually - actuated controllers on each car
connected to each of said train-wires, corre-
sponding contacts of the several eontl ollers
being connected to different train-wires.

3. In a system of train control, a plurality
of train-wires, one set for each motor, and
each motor connected to one set only of said
wires, and a controller on each car connected
to all of said wire es, corresponding contacts
of the different controllers being connected
to different wires.

4. In a system of train control, the combi-
nation of a plurality of train-wires to which
the motor elements are connected, one or
more controllers on each motor-car each of

which is connected to all of said wires, each

of said controllers being arranged to control
two or more sets or groups of motors on par-
allel ecircuits. |

5. In a system of frain control, the combi-
nation of a plurality of train-wires to which
the motor elements are connected, and one
or more motor-controllers on each motor-car,
each of which is connected to all of said wires,
sald controllers having contacts tor connect-
ing corresponding motor elements 1n groups

~in which the individual elements are 1t par-

35
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allel, and to connect the groups either in se-
ries or in parallel.
6. In a system of train control, a plarality

of train-wires to which the motors are con-

nected, one or. more motor-controllers on
oach motor-car, each of which is connected
to all of said wires, and each of said control-
lers having contacts arranged to connect the
motors and their elements in various ways to

vary their power and speed and also their
braking action.

7. In a system of train control, a plurality
of train-wires, one for each motor-terminal,

one or more motor- controllers on each car,

each of said controllers being connected to
all of said train-wiresand arranged toconnect

the motors of each car both in series and in |

parallel, and in multiple with the motors of
the other car or cars.

8. In a system of train control, a plurality
of train-wires, one for each motor-terminal,
one or more motor-controllers on each car,

~each of said controllers being connected 1o

60

all of said train-wires and arranged to connect
the motors on each car both in series and In

parallel, and in multiple with the motors of

the other car or cars, and also connect the
motors in a closed local cireuit of variable
resistance to run as generators.

. In a system of train control, a plurality |
- of train-wires, one for each motor-telmmdl

one or more motor - controllers on each car,

gl

P

- one or more motor-controllers on each

H

each of said controllers bDeing connected to
allof sald train-wires and arranged to connect
the motors of each car both in series and 1n
narallel, and in multiple with the motors of
the other car or cars, and also connect the
motors in a closed local circuit of variable
resistance to ran as generators, together with
brake-magnet coils included in said local
circult.

10. In a Sybtem Of train control, a plurality
of train-wires, one for each motor- terminal,
car,
each of said controllers being connected to
all of said train-wires and arranged to con-
nect the motors of each ear both in series and
in parallel, and in multiple with the motors
of the other car or cars, and also to connect
the motors in a closed local cireuit of variable
resistance to run as generators, together with
brake-magnet colls included in said local e¢ir-
cuit, and means for neutralizing the magnet-
ism of said coils when said local circuit is
opened and the motors are connected with
trolley.

11. In a system of train control, the combi-
nation with a plurality of train-wires, to which
the motor elements are separately connected,
one or more motor-controllers on each car,
each connected to all of said wires, and ar-
ranged to connect the motors of each car in
parallel with the motors of the other car or
cars, whereby any car may be detached orits
motors cutout of ecircuit without affecting the
motors of any other car or cars, together with
switches for ecutting the motors of any motor-
car out of cireuit.

12. A motor-controller for train control,
consisting of a switch having contacts and
connections for controlling a number of pairs
of motorsin parallel eircuits, any one of which

may be opened without affecting the others,

with the individual motors of each pair on the
same circuit, and auxiliary switch mechan-
ism for cutting out a motor of each pair and
establishing a circuit 1;111*0nfr11 the remaining
motor.

15. A motor - controller, consisting of
switch having contacts and connections for
controlling a number of pairsof motorsin par-
allel eirenits, any one of which circuits may
be opened without affecting the others, the
individual motors of each pair being in the
same circuit, cut-out switches for opening the
circuit of any pair of motors or of any motor,
a reverse-switch, and additional contacts on
the reverse and cut-out switches for complet-
ing the circuit through the motor of any pair
when the other motor of that pair has been
removed from ecircutt. |

14. The combination with a vlurality of

electric motors, of a controller having con-

tacts and connections for eontrolling said mo-
tors in palrs in parallel circuits, cut - out
switches for opening the circuit of any pair
of motors or of any motor in each pair, a re-
verse-switch, and additional switeh-contaets
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on the reverse and cut-out switehes for com- |

pleting the circuit from either motor to any
pair, when its companion motor has been 1re-
moved from eircuit. |

15. In a system of train control, the combi-
nation of a plurality of independent train-
wires to which the motors are connected, a
controller on each car connected to all of said
wires and having contact devices arranged to
connect the motors of that car both in series
and in parallel, and in parallel with the mo-
tors of the other cars, a cut-out switch on each

J

[ ——

car for ecach motor, and reversing-switches
having contact devices which codperate with
the cut-out switches to maintain the cirewit 15
through one motor only.
1n testimony whereof we have aflixed our
signatures in presence of two witnesses.
FRANK A. MERRICIK,
FEMMETT W, STULL.
Witnesses:

ConrA G. COX,
IT. W. SMTTH.
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