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Lo atl whom it Ty concern:

Be it known that I, FraNk E. CASE, aciti-

zen of the United States, residing at Schen-
ectady, county of Schenectady, State of New
York, have invented certain new and useful
Improvements 1n Systems of Electric Circuits,
(Case No. 2,071,) of which the following is a

| sneclﬁeatlon

10

- This invention 1eldtes to systems of elec-
tric circuits for controlling electric motors,
and especially electric railway-motors, the

object being to enable one or more motors to

- be controlled from a distant point, so thatin

the case of a train of two or more motor-cars
all the motors can be controlled from one or
more points on any one of said cars.

The invention herein set forth is a II]O(]lﬁ-
cation of the system disclosed in my prior ap-

~ plication, filed February 15, 1901, Serial No.

- 20

25

47,413. In that case the’ sw1tch GOHtIOHII]C"
relays are connected in series, so that the ac-
tuating-current must be stlonrr enough to

overcome the combined reswtance of all the
relay-coils in the final position.
ent invention the relays are arranged in mul-

In the pres-

tiple and the coils are so wound that each re-

quires a differentcurrent to energize it. - The

- relaysarearrangedin the orderin which a sue-

30

cessively-inereasing current will eause them

to operate, and the connections are such that |

each coll In the series as it becomes energized

~cuts out those preceding 1it, so that only one
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coil need be energized at a time, thereby en-
abling me toreducetoaminimum the amount
of current required to operate the control
system, and thus effecting a considerable sav-

ing in expense of operatmn over certain sys-

tems heretofore proposed

In the accompanying drawings, I‘wm e 118

a side elevation of a train of three motor-
cars equipped with my invention. Fig. 2 is
a dlaﬂ*ram of the circuits on each of the sald
cars. Fig. 3 shows a divided rheostat.
4. 18 a modification.

Each car A is provided with two motors,
whogse armatures B B’ are connected in se-

-~ ries with their field-coils C C’ through- revers-

- magnets

5¢

ing-switches D D', both actuated by electro-
'E E', one of which throws the
switches into the forward position and the
other into the reverse position. 'These elec-

leads 4 5" with the trolley-lead 5

Fig.

| tromagnets are connected by leads 1 2 with
flexible couplings 1* 2* at each end of the car,
whereby they can be put in conunection with
an adjoining caror with a lead 3, running to 55

a contact 3', adjacent to a grounded contact
3", DBranch leads 1’ 2' lead to contacts 1" 2",
adjacent to a hand-switch E?, connected by
throungh an
adjustable resistance E°. The switch carries 6o
bridging contact-plates e®, which when the
switch is open and midway between the con-
tacts 1”7 2" connect both sets of contacts 3’
3. As soon, however, as the switchisswung
one way or the other to cutin the electromag- 65
net E or E' the ground connection of both elec-
tromagnets 1s broken at that end of the car.
Current is supplied to the motors through a
lead 5/, branching off from the tr olley-lea,d 5,
which runs thr ough the car and has flexible 70
couplings 5* at each end for connection with
another car, if desired. 'The branch lead 5"
includes a resistance G, divided into sections,
eachadapted to be short-circuited bya switch

g g g* g°g*in order to supply an increasing 75
amount of current to the motors. - Adjacent

to the switches is a blow-out magnet . DBe-
tween the resistance and the motors is a se-

ries-parallel switch composed of two electro-

magnets H H', whose armature-levers i /i’ are 8o
connected by a rod /2*, so as to move in unison
and make contact with buttons 6 7 or 6’ 7.
Springs h° keep the armature-levers in the

off position when neither electromagnet is en-

ergized. The buttons6 7are looped together.
Button 6 is in the lead 5", running from the
resistance G to the field-coil . Button 7' is
grounded. Armature-lever £ is conunected
with the field-coil C, and lever /' conneects
with the reversing-switch D’ of the motor- go
armature B’, the other reversing-switch D

being grounded. The electromagnet H gives

the series connection and the electromagnet

H' the parallel connection of the motors, as

is apparent from the diagram Kig. 1. Xach g5
electromagnet is connected by a lead 8 9 with
flexible connections 8* 9* at the ends of the
car, which can be connected with an adjacent
car or with leads 10 11, running to contacts
10’11/, adjacent to grounded contaects 10" 11",
controlled by the relay-switch handle, as here-

| inafter described. Currentissupplied tosaid
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electromagnets through braneh leads 8'9"in a | supplied to the control system must be dou-

manner hereinafter set forth.

The cut-outs or switches g ¢' g° ¢° g* are ac-
tuated by electromagnets 1 I' I° I° I each
having one terminal grounded and the other

connected by a lead 5Y with a branch lead 5"

from the trolley-lead 5", preferably through
a resistance K. . Ineachlead Y is a normally
open circuit-closer [ [' [* [? [%, controlled by a
relay-solenoid I. L' L* L8 L* of successively-
1ncreasing values—that is to say, it requires

“a suceessively-inereasing current tocause the

coils to pick up their armatures.. The ratio
between any two adjacent relay-coils must be
the same throughount the series. The zigzag
lines on the coils donot indicate the number

of turns of wire, but the relative current

strengths required to energize them, c¢oil L
t the
greatest. The relay-solenoids all have one
terminal connected with a lead 12, running
to flexible counections 12* at each end of the

~car, by which the carrent can be transmitted

to adJacellt cars, if desired. The other ter-
minal of the coil 143 is grounded, while the cor-
responding terminals of the coils L I/ 1.2 1.

are connected, respectively, with one of a pair

of contact-buttons 13, on which the circuit-
closers ' [* [’ [* normally rest. Adjacent but-
tons of the several pairs are connected, and
the second button under the circuit-closer [
1s grounded. The relays are thus connect-
ed 1n multiple, with one terminal nor mally
orounded.

At each end of thecarisa 1heoqt&t M, hav-
ing coils m of very high total IeSIbt.:LHC@ and
a handle M, carrying insulated brid oging c¢on-
tacts m’' m* and a contact-arm m?, adapted to
sweep over the resistance- contacts m* and the
segments M* M3, Kach trolley-lead 5 con-
nects with 1ts respective handle M', so that
current will pass through it and the resist-
ance-coils and the lead 12'to the lead 12. As
soon as the handle is moved toeffect this the
bridging contacts m’ m® move off their re-
speetwe contacts- 10" 10" and 11" 11" and
break the grounds of the series- parallel
switch at that end of the car. At the same
time the arm m?® passes over the-contacts m?,
cutting out the resiatance colls successively
and admwtmg an increasing current to the
leads 12’ 12. The arm at the same time
makes contact with the segment M?, which is
connected by ieads 8’ and 3 with the ‘ series”
magnet H. Anadjustable resistance P gov-
erns the proportion of current flowing fo the
magnet H. When the arm m?® passes over to
the segment M°, it meets a duplicate set of
contacts m?, properly looped to the first set,

80 that the resistance-coils will be again suc-

cessively cut out. The segment M? is con-

nected by the lead 9’ through an adjustable
resistance P’ with the lead 9, running to the
‘“ parallel” magnet H'.

Tnasmuch as the coupling on of one or more
“additional motor-cars puts the active relays
on the several cars in multiple, the current

bled for two ecars, trebled for three, and so
on, in order to supply a constant current for
the relays on each car. This can be accom-
plished by halving or trisecting the total re-
sistance of the rheostat M.

In order to permit the rheostat-handle to
be moved to the same position irrespective of
the number of motor-cars in the train, the
resistance may be divided, as shown in I‘ln'
3, into as many portions M* M*> M° as the
cgreatest number of cars ever made up into a
train, each portion being subdivided into the
same number of sections. Suitable means,
such as small switches m®, are provided for

connecting one or both portions M® M°®in mul-

tiple with the portion M®* in order to reduce
the total resistance in the eircuit to one-half
or one-third or any other desired fraction of
that required for one car.

F'ig. 4 shows the solenoids L to L* used in

the main switches instead of as relays.
The operation of my invention is as fol-

lows: The several flexible connections at the

front end of the car are connected with their
adjacent grounded leads. Those at the rear
end of the car are similarly connected 1f the
caris torun alone; but if another car i1s cou-
pled to it then each flexible connection 1is
coupled to the corresponding one on the fol-
lowing car in order to connect in series the
electromagnets in the series-parallel and re-
versing swilches and in multiple the groups of
relays L to L. If two cars compose the train,
the portion M° of the rheostats iscut out and
the resistances E° P-P' are properly adjusted.
The switech E? at the front end of the car or
train is then moved to break the ground ¢on-
nections 8 and energize the forward solenoid
of the 1evelsmw-SW1teh which throws the
switches D D’ into the proper position for
forward movement of the car, as shown at
the left hand of Fig. 1. The handle M’ of
the front rheostat is then moved downward,
which opens theadjacent ground connections
of the series-parallel-switch magnets and
brings the arm m?®in contact with the seg-
ment M?, thereby energizing the magnet H
and putting the motors in series. Further
movement of the handle M’ brings the arm m°
over the resistance - contacts m* sending a
small current through the leads 12' 12 suffi-
clent to energize the relay I, and thereby
close the circuit-closer [ in the circuit of the
switch-magnet I, which at once pieks up the
switeh g and shunts the first section of the
motor resistance G, permitting current to flow
to the motors and start the car or train., If

there are two cars, as assumed above, the cur-

rent in the lead 12 divides equally between
the two cars and energizes the relay L on each
car. As the movement of the arm m?® con-
tinues to cut out the resistance-coils i, the re-
lay-current presently becomes strongenough
to energize the relay L. The movement of
the circuit-closer{ {irst opens the ground-cir-

| cult of the relay L, and as this sends all the
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relay-current through the relay L' its power
is suddenly increased, which causes the con-
tact !’ to close the circuit of the switeh-mag-
net I' very quickly and strongly. The pick-
ing up of the switch ¢’ shunts another section
In the same way the
relay L? open-circuits both the relays L L/,
and so on, thereby confining the relay-cur-
rent to only one relay. A reverse movement
of the rheostat-handle deénergizes the relays
in reverse order and cuts in the motor resist-
ance. If the armm?®iscarried over fothe seg-
ment M?, the motors are placed in parallel,
with all the resistance in circuit, which 1s
cradually cut out as before by the movement
of the arm over the second set of rheostat-
contacts. |

In the modification shown in Ifig. 4 the re-
lay-current is used to close the main resist-
ance-switches directly without the interposi-
tion of the switch-magnets I I*. The circuits
are otherwise the same as in Fig. 2, each re-
lay-magnet when energized breaking the cir-
cuit of the preceding coils.

What I elaim as new, and desire to secure
by Letters Patent of the United States, is—

1. In an electric-railwaysystem, the combi-
nation with one or more eleciric motvors, of a
plurality of separately-actuated contacts for
varying the motor speed, separate colls con-
nected in mulfiple and responsive to different

carrent strengths for effecting the actuation

of said contacts, means for sending a current
of varying strength through said coils, and
means for eatting out preceding coils as each
coil becomes energized.

2. Inanelectric-railway system, the combi-

nation with one or more electric motors, of a -

plurality of separately-actuated contacts for
varying the motor speed, separate coils con-
nected in multiple and responsive to different
fecting the actuation
of said contacts, means for sending & current
of varying strength through said coils, and
means whereby each coil on becoming ener-
oized will open-circuit all preceding colls.

3. Inanelectric-railway system, the combi-
nation with one or more electric motors, of a
plurality of separately-actuated contacts for
varving the motor speed, separate coils con-
nected in multiple and responsive to different
current strengths for effecting the actuation

S

of said contacts, means for sending a current
of varying strength through said coils, and a
around connection for each coil controlled by
the next succeeding coil. | .

4. In anelectric-railway system, the combi-
nation with one or more electriec motors, of a
plurality of separately-actuated contacts tor
varying the motor speed, separate coils con-
nected in multiple and responsive to different
current strengths for effecting the actuation
of said contacts, means for sending a current

of varying strength through said coils, and a

oround connection common to some of said
coils and independently controlled by some
of sald coils.

5. In an electric-railway system, the combi-
nation with one or more electric motors, of a
plurality of separately-actuated contacts for
varying the motor speed, separate coils con-

nected in multiple and responsive to different

current strengths for effecting the actuation
of said contaects, means for sending a current
of varying strength through said coils, and a
cireuit with which said coils are connected and
containing breaks normally closed by the ar-
matures of all but the first coil.

6. Inanelectric-railwaysystem, the combi-
nation with one or more electric motors, of a
plurality of separately-actuated contacts for
varying the motor speed, separate electro-
magnets for actuating said contacts, relay-
coils connected in multiple and responsive to

- different current strengthsforenergizing said

olectromagnets, means for sending a current
of varying strength through said relay-coils,
and means for cutting out preceding coils as
each coil becomes energized.

7. In an electric-railway system, a con-
troller comprising a plurality of electromag-
netic switches, a set of high-resistance relays
connected in multiple and successively re-
sponsive to successively-increasing current
strengths for controlling the actuating - cir-
cuits of said switches, meansforsupplying cur-
rent to said relays, and means whereby each
relay controls the circuit of all preceding ones.

In witness whereof I have hereunto set my
hand this 27th day of June, 1901.

IFRANK E. CASEK.

YWitnesses:
BeNsAMIN B. HULL,
MARGARET H. WOOLLRY.
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