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1o all whonv it may concern:

Beit known that I, EUGENE R. CARICHOFT,
a citizen of the United States of America, and
a resident of Kast Orange, in the county of
Essex and State of New Jersey, have invented
certain new and useful Improvements in Con-
trol of Dynamo-Electric Machinery, of which
the following is a specification.

My invention embraces the combination of

three switches—a a rheostatic switeh, b a pi-
lot-switeh, and ¢ a motor-grouping switeh—so

~connected that the pilot-switch is operative

in one position of the rheostatic switeh and
the motor-gronping switch is operative in an-
other position of the rheostatic switch, pro-
vided, however, that the pilot-switch has first
been operated, but not otherwise.
tion of the rheostatic switch in which the pi-
lot-switch is operative is where it admits cur-
rent through the motors, and the position of

the rheostatic switch in which the motor-

grouping is operative is where the rheostatic

switch is in an open or high-resistance posi-
The pilot-swifch and the series-multi-
ple switch also partly control the operation
of therheostatic switch, as will be hereinafter |

tion.

explained.

The invention consists in certain other fea-

tures hereinafter specifically described and
claimed. | |

Referring to the accompanying drawing,

which forms a part of this specification, the
figure is a diagrammatic representation of a
pair of motors with switches and circuits for
connecting the motors in series and in mul-
tiple and in varying the resistanee, one form
of my invention being embodied in the system
in this diagram. '

Theinvention is primarily intended for op-

eration in connection with what is known as
the *“multiple-unit system of electric-railway
operation,” described and patented in United
States Letters Patent to Irank J. Sprague,
No. 660,065, to which reference may be had
for features not here disclosed. So much as

18 necessary to the understanding of my in-

vention is here set forth.
It is to be understood that the invention is
applicable to systems other than that de-

» scribed in the patent to Frank J. Sprague
referred to.

The posi-

1

The motor-groaping switch is, as shown, a
set of contacts for connecting the motors in
series and multiple. As shown, certain con-
tacts In the circuit provided for operating the 55
motor-grouping switch are mounted npon the
same cylinder as the contacts of the rheo-
statie switech. 'T'he eylinder with this double
setof contacts,constituting whatwill beealled -
the ““main switeh,” is driven by a small mo- 6o
tor called a ‘‘pilot-motor” in the general
manner represented in the patent to Frank
J. Sprague, above referred to. The pilot-mo-
tor, however, is provided with only one field
instead of two, as in said patent, because the 653
maln cylinder is, as shown, revolved in one
direction only. The pilot-motor referred to
1s not to be confused with the pilot-switeh.
The pilot-switeh is, as shown, a solenoid
which effects closure of a double set of con- 7o
tacts, one set being in the circuit of the se-
ries-multiple switch and the other set being

‘in the circuit of the pilot-motor.

The main motors are controlled from an

operator’s or master switch partly through a 75

set of relay-circuits. The master-switeh is
provided with reverser-contacts and speed-
contacts for operating the main switch and
the motor-grouping switch, On eclosure of
the master-switch the reverser is thrown in So
the direction corresponding to the direction
of movement of the master-switch. The re-
verser - contacts of the master-switch are
closed in all closed positions of the master-
switch. Upon closure of the master-switch 83
on the reverser and series contacts the cir-
cuit 18 closed through the operative coils of
the reverser and the line-switeh as follows:
from the line through contact-plates 2 and 3
of the master-switch, through one coil or the go
other 4 of the reverser, through contacts 5 on
the reverser-cylinder, (shunted by a resist-
ance,) and thence to ground G. Immediately
afterward the circuit is closed atcontact 6 of
the master-switch, thence through the coil 7 o3
of the line-switch, through contact-plates S
and 9 on the main-switeh cylinder to ground

at . This actuates the line-switeh, lifting
its planger, breaking one pair of contacts 10,
and establishing three other pairs of contacts 100
11, 12, and 13, as indicated.. As shown, the
| main circuit is established from the line 1
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through thelowermost contacts 11 of the line- through contacts 2 and 22 of the master-

swilch, through resistance R’, through the
armature and field of one of the main motors
A" and reverser-contacts, through the lower-
most contacts 14, controlled by the coil 15 of
the series-multiple switeh, through resistance
R? and through the armature and field of
motor A® reverser-contacts, and throttle-
coil 16 to ground G. This connects the mo-
tors in series with all the resistance in cir-
cuit. The motors will start up. They will
not reach more than a suitable speed for
switching purposes, however, in this position
of the apparatus. It will beobvious thatthe
main switch can be arranged to open circuit
at this position by dropping out the right-

hand resistance - sections of R’ and R?, the |

otherresistances and contacts being suitably
arranged. Upon further movement of the
master-switeh, so as to close on the full-series
contact-point 17, the ecircuit is completed
through the pilot-motor as follows: from
line through contacts 1 and 17 of the master-
switch, through throttle-contacts 18, through
contacts 12 of the line-switech, through con-
tacts 19 on the reverser-cylinder, through
contact 20 on the main-switeh cylinder, and
thence through the pilot-moter P M to ground
G. Thiswill causethe main-switch eylinderto
revolve until the pilot-motor circuitis broken
at contacts 20 thereon. These contacts are
therefore called ‘‘limit-contacts.” In this po-
sitlon of the main switch and the other parts of
the apparatus the motors are in whatis called
“‘full series ’—that is, in series with all of the
resistances R and R*cut out of circuit. If the
master-switch be returned to the open posi-

‘tiomn, theline-switech will drop and the pilot-mo-

tor circuit will be closed from theline through

contacts 10, controlled by the line-switch,

through limit-contacts 21 on the main-switch
cylinder, and thence through the pilot-motor
P M to ground G. This will cause the main
switech to move forward to the off position.
Simultaneously with the dropping of the line-
switch plunger the main circuit will be opened
at contacts 11, controlled by the line-switch.
If, however, instead the master-switch be
moved on so as to close at the multiple con-
tact 22, the circuit is established through
the pilot-switech as follows: from the line 1
through contacts 2 and 22 of the master-
switeh, through the pilot -switech coil 23,
through limit-contacts 24 and 9 on the main
switch-cylinder,and thence toground G. This
will cause the piiot-switeh to close at its two
pairs of contacts 25 and 26, and a circuit will
be established through the pilot-motor as
follows: from the line 1 through the lower-
most contacts 25 of the pilot-switch, through
the contacts 27 of the series-multiple switch,
through contact 21 of the main-switch eylin-
der, and thence through the pilot-motor P M
to ground G. .This will cause the main-switch
cylinder to be driven forward, and contact
will be closed through the series - multiple
switch - coil 15 as follows: from the line 1

switeh, through coil 15 of the series-multiple
switch,through contacts 26 of the pilot-switeh,

through contacts 28 and 9 on the main cyl-

inder to ground.G. The series- multiple
switch will thus be brought into position to
connect the main motors A’ and A?and their
resistances R’ R? in cireuit in multiple. The
main motor-circuit is as follows: from the

Iine through the lowermost contacts 11 of the

line-switch. Then branching to the two main
motors the cireuit is (a) through resistance
R’, motor A’, ineluding the reverser-contact,
through a setof contacts 29, controlled by the
series-multiple switeh, to ground G, and (b)
through a set of contacts 30, controlled by
the series-multiple switch, through resistance
R~ through motor A%, including the reverser-
contacts and the coil 16 of the throttle, to
ground . If the master-switch is moved

75

30

further, so as toclose at the full-multiple con-

tact 51 of the master-switech, the circuit is
completed through the pilot-motor as fol-

lows: from the line 1 through contacts 2 and

31 of the master-switch, through throttle-con-
tacts 18, through contacts 12 of the line-
switch, through contacts 19 on the reverser-
cylinder, and thence through limit-contacts

-20 and the pilot-motor P M to ground G. This

willcause the main-switeh eylinder o revolve
until the pilot-motor cirenit is broken at the
limit - contacts 20. In this position of the

main switch and the other parts of the ap-

paratus the motors are in full multiple—that
18, 1n multiple with all resistance cut out.
As shown, if the master-switch is opened at

the multiple contact 22 the series-multiple

switech is dropped, bringing the motors into
series grouping without movement of the
main-switch cylinder. It is obvious, how-
ever; that a ¢ircuit could be provided which
shall be closed when the line-switeh and the
series-multiple switch are both closed, which
will cause the series-multiple switch when-
ever lifted to remain up so long as the line-
switch remains closed. Opening the master-

switch releases the. line-switch, the series-

multiple switch, and the reverser. Thiscuts
off the motors from the line and closes a local
circuit through the pilot-motor as follows:
from the line 1 through contacts 10 of the
line-switch, through limit-contacts 21, and
the pilot-motor to ground. There is also es-
tablished in multiple with contacts 10 a
branch through contacts 32 on the reverser-
cylinder. |

Instead of having contacts 24 and 28 on the
main cylinder which determine the positions
of the rheostatic switch in which the pilot-
switch and the series-multiple switch can be
operated, the same general result may be at-
tained as follows: There may be two coils in

the main motor-circuit, one wound on the

plunger of the pilot-switeh in addition to coil
23 (which latter wounld then be a retaining-
coil and be connected directly to ground) and
the other opening contacts in series with con-
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tacts26. Inthisarrangementthe pilot-switch
can be operated only while the main circuit
1s closed, and the series-multiple switch can
be operated only while the pilot-switch is
held closed by its retaining-coil and the main
circuit isopen. This would be used with the
open-circult arrangement of the rheostatic
switeh deseribed above.

The system of control herein disclosed is
applicable to dynamo-electrical machinery
generally. Thereare herein combined three
switches, which, as shown, are respectively
a rheostatic switch, a pilot-switch, a series-
wultiple switch, means controlled by one of
theswitches,which, asshown, is the rheostatic
switch, for operating another of the switches,
which, as shown, is the pilot-switch, for the
pilot-switch cannot be operated excepting
when the circuit is closed at contact 24 on
the main-switch eylinder. There is also
means controlled by these two switches for
operating the third—namely, the series-mnl-
tiple switch—for this latter cannot be oper-
ated exceptwhen the pilot-switehisclogsed and
to change the motor from series to multiple
the eircuit is closed at contact 28 on the main-
switch eylinder, and in certain conditions
both the series-multiple switeh and the pilot-
switch control contacts which control the re-
sistance-switch.
master-switch for operating the system. It
will also be evident that the pilot-switch can
be operated only when the rheostatic switeh
Is 1n a position to admit current through the
motors and the series-multiple switeh can be
operated only when the rheostatic switch is
in the open-circuit or a high-resistance posi-
Since the resistance-contacts could be
operated separately from the contacts of the
main-switch eylinder which effect the codp-
eration of the switches, I do not limit myself
to one of the switches included in the combi-
nation described in my broader claims, be-
Inga resistance-switeh, and the specific fune-
tions of the other switches can be changed.

Numerous changes can be made without
departing from the spirit of my invention.

Without limiting myself to the details

shown, what I claim, and desire tosecure by

Letters Patent of the United States, is—
1. Inasystem of control of dynamo-electric
machinery the combination of threeswitches,

-means controlled by one of the switches for

55

operating another of the switches, and means
controlled by these two switches for operat-
ing the third switeh, and means controlled
by either of the other switches for operating
the first, substantially as shown.

2. Inasystem of control of dynamo-electric

6o machinery the combination of a rheostatic

switch, a pilot-switeh, a motor-grouping
switch,” means controlled by the rheostatic
switch for operating the pilot-switeh, and
means controlled by the rheostatic switch
and the pilot-switch for operating the motor-

grouping switch, substantially as described. |

There is also provided a

]

T ——

3. In asystem of control of electric motors,
the combination of a rheostatic switeh, a
pilot-switch, a motor-grouping switch, means
controlled by the rheostatic switch for oper-
ating the pilot-switch, means controlled by
the rheostatic switeh and the pilot-switch for
operating the motor-grouping switch, and
means controlled by the pilot-switeh for oper-
ating the rheostatic switch substantially as
described.

4. In a system of control of a pair of elec-
tric motors the combination of a rheostatic
switch,a pilot-switeh,a series-multiple switch,
means controlled by the rheostatic switeh for
operating the pilot-switech, and means con-
trolled by the rheostatic switch and the pilot-
switch for operating the series - muluiple
switch, to change the motors from series to
multiple, substantially as deseribed.

5. In a system of control of a pair of elec-
tric motors the combination of a rheostatic
switch,a pilot-switeh,a series-multiple switch,
means controlled by the rheostatic switeh for
operating the pilot-switeh, so that it can be
operated only when the rheostatic switch is
In position to admit current to the motors,
and means controlled by the rheostatic switch
and the pilot-switch, for operating the series-
multiple switeh to change the motors from
series to multiple, which means can be oper-
ated only when the rheostatic switch is in the
open-circuit or a high-resistance position,
substantially as desecribed.

6. Thecombinationofthreeswitches,means
controlled by one of the switches for operat-
ing another of the switches, means controlled
by thetwoforoperating a third of the switches,
means controlled by the second switeh for
operating the first of the switches, and a mas-
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ter-switch for operating the system, substan-

tially as desecribed.

7. In a system of control of dynamo-elec-
tric machinery, the combination of a rheo-
static switch, a pilot-switch, a motor-group-
ing switch, means controlled by the rheostatic
switch for operating the pilot-switch, means
controlled by the rheostatic switech and the
pilot-switch for operating the motor-grouping
switch, and a master-switch for operating the
system, substantially as deseribed.

3. Ina system of control of electric motors,
the combination of arheostatic switeh, a pilot-
switch, a motor-grouping switch, means con-
trolled by the rheostatic switeh for operating
the pilot-switch,means controlled by the rheo-
static switch and the pilot-switch for oper-
ating the motor-grouping switch, and a mas-
ter-switch for operating the system, substan-
tially as desecribed.

). In a system of control of a pair of eleec-
tric motors, the combination of a rheostatie
switch,a pilot-switeh,a series-multipleswitch,
means controlled by the rheostatic switeh for
operating the pilot-switch, means controlled
by the rheostatic switeh and the pilot-switch
for operating the series-multiple switch to
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change the motors from series to multiple,
and a master-switch for operating the system,
substantially as described.

10. In a system of control of a pair of elec-
tric motors the combination of a rheostatic
switch,a pilot-switeh,a series-multiple switch,
ineauns controlled by the rheostatic switeh for
operating the pilot-switch, so that it can be
operated only when the rheostatic switch is
In a position to admit current to the motors,

means controlled by the rheostatic switch and |

706,723

| the pilot-switch for operating the series-mul-

tiple switch to change the motors from series

‘to multiple, which means is operated only

when the rheostatic switch is in the open-eir-
cult or a high-resistance position, and a mas-
ter-switch for operating the system, substan-
tially as deseribed.
EUGENE R. CARICHOFF.
Witnesses:
THOMAS EWING, Jr.,
SAMUEL W. BALCH.
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