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UNITED STATES

HENRY H. CUTLER, OF MILWAUKEE . WISCONSIN, ASSIGNOR TO THE ¢UTLER-HAMMER MFG.

C0., OF MILWAUKEE, WISCONSIN, A CORPORATION OF WISCONSIN.

SYSTEM FOR CONTROLLING ONE OR MORE ELECTRIC MOTORS.

No. 003,178. o Spéciﬁcation of Letters Patent. ~ Patented Nov. 10, 1808.
S | Application filed August 11, 1905. Serial No. 273,888, '

To all whom 1t may concern.: : .

Be 1t known that I, Hexry H. CuTLER, &
citizen of the United States, residing at Mil-
waukee, in the county of Milwaukee and

5 State of Wisconsin, have invented new and |

useful Improvements in Systems for Con-
trolling One or More Electric Motors, of which
the following is a full, clear, concise, and ex-
act description, reference being had to the
10 accompanying drawing, forming a part of
- this specification. o o
My invention relates to improvements in
systems for controlling the operation-of one
or more motors, particularly in connection
15 with a multiple-unit-train-control systei.

- In a companion application, Serial No.
273,837, filed August 11, 1905, I have shown
and described a system of controlling one or

‘more electric motors, particularly designed
20 for multiple-unit-train-econtrol, in which the
operation of the various electro-magnetic-

. switches employed to directly . control the,

driving motors are themselves suitably con-
_ trolled by variations of voltage impressed

25 upon the train wire, or controlling circuit of
‘the train. In such system, each car of the
train is preferably equipped with a complete

apparatis, so that any car may be employed

~ as the operator’s car of the train, although
30 when the train is made up, thé motor genera~
" tor set, which forms a part of the car-equip-
ment, upon the operator’s car only is used,
and this is required to furnish current for the

- various devices upon all of the cars of the
35 train. It is thus apparent that each motor
‘generator, although idle except in the first
car,in the train, must be of sufficient size and
capacity to furnish current for the control of

all the cars of the train, and also for the

40 greatest number of cars that may ever be in-
~ cluded in a train. In the present system,
each car is also preferably equipped as betore,
“with identical apparatus, and the motor gen-
erator set is preferably included as a part of

45 such apparatus; but the arrangement is:such,
that each such-set furnishes-current for the
operation of the switches, etc., upon its own

cheaper generator sets, since not so much

50 work is required of them, and. the amount of

current that they are required to develop is
a practically fixed and known quantity no

]

this ‘arrangeraent, the operator’s motor gen-

erator set is preferably arranged to supply

55

current to the train wire or equivalent eir-
cuit, but only for the energization of the field

windings of the generators of the other setsof

the tram, and of course this is only a small -

fraction of that required where all devices

60

are to be operated by c¢urrent from the train. -
wire. 'The control of the train is thus ob- "
tained by variations of voltage upon the
train wire as in the system of my companion -

application, but through the intermediation

of the motor gensrator sets upon each car..
As will be shown hereinafter, these motor.

generator sets are subject to a still further

reduction in size-and capacity due to the fact.
70
‘muim output for only an instant of time, and
may therefore be overloaded with safety for -

that they are required to supply their maxi-

guch short time.

‘The present system, like the 'sjstem ofmy .

said companion application secures the con- 75

trol of the various devices necessary to obtain

the variousspeeds of the train and its direction

of travel, by checking the rise in voltage of

current upon the train wire at predetermined
amounts, whereby the control of the train 1s

_ 80
rendered entirely independent of any fluctua- "~

tions of current upon the trolley circuit, -
which fluetuations may be reproduced in the

{rain wire or controlling circuit. As'soon gs

the desired limit of voltage upon the tramn

throughout the train have operated, the vol-

eyond.the
90

wire is secured and the Pproper devices
tage is automatically reduced to %r'event any

further possible rise 1 voltage d
desired amount, to economize current, and to

permit the use of smaller magnetic devices -

throughout, as well as to elimmate all lamp

tion, the present invention bearing the 're!a;-'-

to genus. .

safety switches and -similar devices. This
feature I broadly claim in my said applica- -
. 95

‘tion to that of the said apphcation, of species -

ther features and adﬁrantﬁ;geé-;o'f the pfe'si- o

“ent invention will appear from the detailed
| vn | deseription of the drawings and the claims.
car, thereby permitting the use of smaller and |

100

In the accompanying drawings, Figure 1 is -

a diagram of a portion of the apparatus upon
1ding -that in-

each car, said apparatus inclu
volved in the control of the voltage upon the

train and car wires, as well as the direction of 105

matter what tlre length of the train. With | current fdow in said wires, and by means of



which the speed and direction of movement

. of the train is controlled, and Fig. 2 is also

10

. between the cars

15

20

a diagram showing the remainder of the ap-
paratus for each car, and which serves to con.
trol the operation of the driving motors.
Referring to Fig. 1, the trolley is indicated
at 2, the rail which forms the return circuit,
for most of the apparatus at 3, the train wire
at 4, and the car wire at 5. The latter terms
are applied to these wires for convenience,
the train wire being the only one extending
and throughout the train,
while the car wire
A motor-generator set 6 is mounted upon
each car, the motor being operated from the
trolley circuit and the generator portion
thereof has its armature connected with the

sa1d car wire 5 in order to supply current
thereto  and in the case of the operator’s car

as will” be hereinafter pointed out, to the

train wire also. The field windings of the

- generator portion of this motor generator 6 is

25

30

39

40

45

a0

29

60

- toitsnormal position. -

. In order to start the- train,
closes the starting switch upon his éar, there-
by furnishing current to the motor 14 of the

'_ ‘55

adapted to be suitably magnetized at the will
of tﬁe‘ operator to control the output of the
sald generator and thereby to control the
voltage upon the train wire, from which the
corresponding motor generator sets upon the
other cars of the train are actuated or con-
trolled, and which in ‘turn contro] the vol-
tages upon the car wires of the other cars.
At each end of the car is located g master
controller 7, a starting switch 8% and a plural-
1ty of voltage controllers V, V2 and V3, which
check and secure the automatic reduction of
voltage upon the train wire 4 and therefore
upon the-car wires 5, to suitably control and
operate the various solenoid switches shown
in Fig. 2 to secure the proper speed and op-
eration of the driving motors. -

- The master controller is provided with an
operating-lever 8, carrying a plurality
brushes adapted to be engaged with the va-
rious contacts disposed in the path of move-
ment of the said brushes when the lever is ro-
tated in either direction. The direction of
rotation of the lever controls the direction of
travel of the train. The voltageregulators

-V, V2and V3 control short circuiting switches

of resistances 9, 10 and 11, said resistances
being of sufficient amount to secure the
automatic reduction of voltage upon the
train wire when they are included in the
circuit. The starting-switch 8 is pro-
vided with a lever 12, adapted to be returned
to 1ts normal position at which it stands in
the drawings by means of a suitable spring,
and which is held in its “on?”’ position by a
retaining magnet

such time. Any failure of current in the said
retaining magnet permits-the lever to return

the operator

“motor generator set 6. This closes
| for current from the trolley 2, via conductors
the lever 12 of the starting
E switch 82, thence to contact 17, wires 18 and
19, the motor

i 15 and 16 to

' also supplied through a _
17 of the starting-switch

_ 1s that to which the solen.. |
~oid switches of Fig. 2 are directly connected.

34 1s not, yet energized,

13 . surtably energized at

903,178

a path

starting resistance 20, arma-
ture 21 and wire 22 to the rail 3. Current is
parallel connection
upon the contact

through the retaining-magnet 13, wires- 23
and 24 to the shunt field winding of the mo-

tor 14, and thence by wire 22 to the rail 3.

Lhe current in these paths suffices to start

the motor-generator operating, and as soon

as 1ts counter electro-motive force.builds up
the solenoid switch 25, which has its winding
connected across the

current from the trolley 2 over conductors 15
and 26, wire 27, bridging contact 28 of
switch 25, wire 29 and thence’ cdirectly

through the armature 21 and wire 99 to the

rail 3. This path for current does not in.
clude the starting-resistance 20 which there-
fore permits the full trolley current to flow
through the armature of the motor, and thus
operates the motor generator upon the opers-
tor’s car at full speed. At this time, the
generator 30 of the motor
armature 31 connectéd upon one side by
conductor 32 and wire 22 with the rajl 2 and
upon the other side by conductor 33 with the
car wire 5, but is not delivering current to the
car wire for the reason that its field winding

In order to start the car, the operator now
moves the lever 8 of the master controller 7

. brushes of the armature
21, 1s operated thereby closing a path for

generator 6 has its

75

§0

89.

90

95

100

in one direction or the other. Assuming that

1t is moved clockwise, a path for current is
immediately provided from the trolley 2
through the field winding of the generator
30, via conductor 15, resistance 35, wire 36
i]:ﬁ the master controller, the resistance 37 of
the
controller lever, segmental contact 39, con-
ductor 40, short-circuiting contacts of the
voltage controllers V2, V2and V, wire 41, con-
ductor 42, thence through the field .windin

54, conductor 43, wire 44, segment 45 o

master-controller 7, contact 46 of the lever 8,

-

segmental contact 47, and wire 48 to the rail
3. The current in this path therefore causes
the magnetism of the field winding of the

generator 30 to build up, thus causing the

armature 31 to deliver current to the CAT

ning position, said car wire 5 is connected by
contacts 49, 50 upon the lever
wire 52, with the said train wire 4, and there-
fore the latter receives current upon the op-
erator’s car as soon as current is delivered to
its car wire.

The delivery of current to the train wire
upon the operator’s car furnishes current to
the corresponding wires of the other cars of

wire 5, and also to the train wire 4, since with
the lever of the starting-switch 8 in the run-

and 51 and by

105

master controller,. contact 38 upon the .

110

115
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125
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the train since sald wires are connected to-
cether preferably by automatic couplers 53.
As a result of this, the motor generators lo-
cated upon the various cars of the train are
operated. This may be seen by considerng

for the moment that the apparatus of Fig. 1

belongs to one of the other cars of the train.

Current immediately flows from train wire 4 .
~over conductor 54, through the winding. of

sclenoid switeh 55, thence by conductor 56,
insulated contact 57, upon the stem of switch
25, and conductors 58 and 22 to the rau 3.
This switch 55 for each car of the train is

~ therefore operated and closes a path for cur-

15

30

35

rent directly from the trolley 2, over wires 15,
26 and 27, contact 59, wire 60 thence through

starting resistance 20, armature 21 of motor
14 and conductor 22 to the rail.” At the
‘same time, current divides before passing

through the resistance 20, and takes the par-

allel path over conductors 19 and 18, contact’

17 of starting-switch 82, retaining-magnet 13,
wires 23 and 24, and thence through the field
winding of the motor 14.

counter electromotive force builds up sufhi-

ciently, switeh 25 i1s operated to close the cir-

cuit directly from the trolley over condue-

tors 15, 26 and 27, contact 28 and conductor

29 through the armature of the motor, there-

by cutting out the resistance 20 and permit-

ting the motor to attain full speed. In this

~operation of switch 25, contact 57 is lifted to
break the circuit of switch 55, thus deénergiz-

ing the same, and protecting its windings
from the fiuctuations of volt&ge consta.ntly

~ occurring on.the train wire.
- . The field windings of the generators 30

40

45

~ the field winding 34 of generator 30, conduc-~
tor 43, wire 44, conductor 64, contact 65 of

o0

29

- 60

upon the cars of the train other than the op-
erator’s car are now connected between the
train wire and the raill. 'This connection
may be traced from the train wire 4 over con-
ductor 52, contact 60 of starting box 82, con-
tact 50 upon the lever 12, contact 61, con-
ductor 62, contacts 60, 50 and 61 of the start-
ing-switch 8% at the opposite end of the car,
conductor 63, wires 41 and 42, thence through

starting-switch 82 at the rnght end of the car,
insulated contact 66 upon the iower end of
the lever 12 of saild starting switch, contact
67, wire 68, contacts 67, 66 and 65 of the
starting-switch 82 at the left hand end of the
car, conductor 69, contact 70 of controller 7,
wire 71, contact 47 and wire 48 to the rail 3.

This path {for current insures that the field of

the gencrator upon this car shall be subjected
to the same voltage as that upon the opera-
tor’s car, and further that all of the motor
generators throughout the tram will have
their field windings energized to the same ex-

- tent, and that the output of the said genera-

65 car wires throughout the train will be the |

tors and therefore the voltage of the various

| Thus the motor
‘upon each train is started, and as soon as the

e i

\

same. 1t will be understood from the Tore-

going that the motor generator upon the op-

erator’s car furnishes current to 1ts own car

wire and to the train wire for the entire train

and therefore for the energization of the iield
windings of the various generators through-
out .the train, while the motor generators

2

70

upon the other cars of the train furnish cur- .

rent to thetr individual car wires only. This
added effort of the motor generator upon the

operator’s car, however, i1s very slight, since

but a very small amount of current is re-
quired for the magnetization of the field wind-
ings of the remaining motor generators.
The number of cars inthe train may therefor
be increased to any extent so far as this fea-
ture of the system is concerned. e

As will be hereinafter explained, certain of

the solenoid switches shown in Fig. 2 are

adapted to be operated at one voltage of the
car wire to secure the lowest speed of the
train and 1ts direetion of movement, certain

79

80

85

other of said switches respond to a still

higher voltage ot the car wire to secure the
second speed of the train and other solenoid
switches respond to a still higher voltage of
the car wire to secure the highest or maxi-

mum speed .of the train. These various

90

operations will be pointed out in connection -

with Fig. 2. when reached 1 the description

95

ot the apparatus of that figure, and are men-~

tioned here merely to make clear.the object
of varying the voltage upon the train wire as
will now be described. .
Returning to the operator’s car, 1t will b

noted that the voltage regulators V, V* and
V? are included directly between the train
wire and the rail, and are therefore subjected
to the voltage of the former. 'Thus the wire

52 leading from the train wire 4 is joined by a
conductor 72 with one terminal of each of the

re%ula,tors V, V2 and V3, whose other termi-
nals are joined respectively by conductors 73,
74 and 75, with contacts 76, 77 and 78 of the

master controller 7, which are linked by con-

100

105

110

necting wires with the similar contacts 79,

80 and 81 upon the other side of the lever 8.
Thus, when the lever 8 i1s rotated sufficientl

so that its brush engages contact 79, the lpa,t, |
e eted
through the contact 46 of the lever 8 to con-

for current from the wire 73 1s comp

tact 47, and thence by wire 48 to the rail 3.

115

These voltage regulators are adjusted by

any suitable or desired means, either me-

chanically or electrically to respond to the

120

different voltages of current on the train -

wire and flowing throug™ their windings;

for instance, the regulator V responds to the

voltage or to only a sliiht'illcrease-of' vol- -
tage over that at whic

first set of solenoid switches of Fig.? should
respond. - As soon as said solenoid switches

it is desired the

have responded. therefore and the lowest
speed of the train is secured, said regulator V
1s operated and cuts into the circuit of the

125

130
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-field winding 34 of the motor generator

4

the resistance 9 controlled thereby. This
resistance 9 is of sufficient amount to check
and greatly cut down the output of the gen-
erator 30 and therefore checks and cuts down
the voltage of the car wire upon the opera-
tor's car and upon the train wire extending
throughout the train.

have just pointed ou
affects the several motor

train which in turn reduce t
car wires of the several

, correspondingly
enerators in the
¢ voltages of the
cars. The said

- switches of Fig. 2 are thus subjected for only

15,

20

25

30

~_troller
- Tésistance 9 by

an mstant to the voltage necessary to oper-
ate them and consequently do not overheat,
and the consumption of current is
duced. Moreover, the checking of the rige of
voltage upon the train wire a,nc% the car wires
renders the control of said switches of Fig. 2
entirely independent of the fluctuations of
current that occur in the trolley circuit and
likewise on the car wires , thereby effectually
preventing the undesired operation of the
sald switches. - o

The next higher speed of the train is se-
cured by a further rotation of the controller
lever 8 thereby cutting out more of the con.
resistance 37 and short-circuiting the
deénergizing solenoid V as the
brush at the end of the lever

- rent to pass through the field winding of the

39

~ an Increase in

40

45

50

55

60

65

‘the train wire,
- the output of the motor generators through-
~out the train and sutomatically checking and
lde‘ereasin%

generator 30 and thereby to increase the vol-
tage upon the car wire of the operator’s car
as well as the train wire througﬁout the en-
tire train. As before pointed out, the in-
crease of voltage upon the train wire causes
the magnetism of the field
windings of the generators 30 throughout the
train, and raises the voltage of the car wires
of the various cars. In response to this in-
creased voltage upon the car wires, the sec-

ond set of solenoid switches shown in Fig. 2

are operated and cause the driving motors to
operate at the next higher speed. As soon
as these switches of the second series have
operated and the controller lever. 8 reaches
the contact 80 the second voltage regulator
V? is subjected to the voltage of the train
wire and as soon as it increases sufficiently,
sald regulator is operated. and .cuts its re-

sistance 10 into the circuit of the field wind-

ﬂ]lfs of the generator 30, thereby automatic-
ally reducing the voltage of the car wire and
the latter in turn decreasing

the voltage upom the car wires.

It sliould be understood that when this auto-

matic reduction of voltage occurs at any of
ges of the operation, that suf-

the various sta
ficient current still flows to maintain in op-
erated condition, the switches that hayve al-
ready been operated. It s well undemtood

that current may be reduced to as mueh as | A, B, C

30 | one-tenth of

The latter as we,

greatly re- .

| passes from the
- contact 79, thus permitting the stronger cur-

Higs,

903,178

[ that reqiired to initialljr oper-
ate such devices and still maintain them oper-
ated.

have shown my apparatus adapted, although
any desired number of speeds may be ob-
tained by increasing the various parts and
employing the same principles, is secured by
the further rotation of the master controller
lever 8, which excludes the remainder of re-
sistance 37 of said controller as well as the re-
sistance 10, controlled by regulator V2, and
consequently builds up the Ee%d winding of
the generator 30 to its greatest extent. ~As
before pointed out, the Various
tors respond to the increased

the train wire,
their

voltage upon
re, and correspondingly affect
respective car wires. When the last

this higher voltage, and the rear brush of the
master controller 7 has reached its contact

81 the voltage regulator V* operates to in-
the circuit of the

clude its resistance 11 in
field winding of the motor generator 30,
thereby again automatically checking and
reducing El
wires. -

controlled by the direction of current in the
train wire, it will be seen that the latter may

be reversed by operating the lever 8 of the
~controller 7 in the reverse direction, so that
‘the current through the field winding 34 of

the motor generator 30 is reversed. This
circuit may be traced from trolley 2, wire 15,
resistance 35, thence direct through the re-
sistance 82, contact 38, secmental contact 45,
wire 44, conductor 43, thence through the
field winding 34 in the direction opposite to
that before traced, thence over wires 42 and
41, short-circuiting switches of regulators V,
V2 and V3
46 upon lever 8, contact 70, wire 7 1, contact
47, and wire 48 to the rail 3. The continued
rotation of the master controller lever 8 re-
sults in imparting to the train, the three
speeds before described but in the reverse di-
rection. - '

ists in the manner of connecting tie master
controller with the motor starting switch on
one end of the car from that of the same ap-
paratus at the other end of the car, but the
two sets of apparatus are connected so as to
function with one another to make a com-
plete system. Each car of

every other and,as shown in the diaerams of
1 and 2, the only connection between
the cars being confined ta: the couplings at
the end of the single train wire 4.

- Turning now to Fig. 2, the various switches
which are preferably of the solenoid type are
here shown as controlling the drivin motors
and K at ‘the opposite enfs of the

The third and maximum épéed for which I

motor genera-

e voltage of the tram and car.

conductor 40, contact 39, contact

the train, how-
‘ever, 18 equipped identically the same as

70

70

80

series of solenoid switches have responded to,

85

90

Since the direction of travel of the train is

95

100

105

110

115

120 -

125
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~spect to each other.. The various circuits |

trolled: b

10

L3

)
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¢af. The switches indicated by the charac-
ters D, D? ete., control the direction of cur-
rent low through the armatures of the mo-
tors; those marked R, R? ete., control the in-
clusion and exclusion of the resistances 83,
84, 85 and 86 with respect to the motor cir-
cuits; those desigmated as P and P? serve
when energized to complete the parallel con-
nection of the motor sets between the trolley
and rail, and that marked S serves to control
the series relation of said motor sets with re-

through these switches are in general con-
7 the relay X. The reversing
switches D, D? ete:, each has an upper wind-
ing connected between the trolley _
rall 3 by conductors 87 and 88 on the left,
thence by conductor 89 leading to the right

-hand series, and thence by conductor 90 to

the rail. The current in these windings,
however,-1s msufficient to cause them to at-

tract their plungers.. Lower windings are |

therefore provided for each of these switches

connected between the car wire 5 and the rail”’

3. . Thus at the left the wire 91 extends be-
tween the carwire 5 and the said windings,
which are then connected by wire 92 with
wire 93. The similar windings of right hand

reversing switches are connected by wire 94

with the car wire and upon the reverse side
by wire 95 with said wire 93. From the lat-

ter wire the path for current is continued |

through the medium of conductor 96, non-

insulated conductor 97, stem 98 of switch |

P, pivoted contact 99, and thence by wire
100 to the rail 3. These reversing switches

are adjusted to respond to the lowest train

wire voltage which is reached just before the |

- Airst voltage regulator YV of Fig. 1 is oper-

190

ated, but since  the lower windings upon
switches D*and D*and upon D7 and D?%are

opposed to the upper windings these switches

wlil not be operated at the present time if the

currént 1s flowing in the same direction be-

.40

tweenthetrolley2 and therail3 asbetweenthe

cat wire 5 and the rail 3, sothat only the |
witches D, D*and D®; D®arenowoperated. A |

- mechanicalinterlockisprovided forthe revers-
Ingswitches at.each end ofithe car, said inter-

50

lock comprising bars 101 having slots therein,

- through which pins project that are mounted

- the contiict arms. of the solenoid switches. .

upon the levers 102 permanently secured to

~..1t"1s obvious from .this arrangement that

when the switches D and D? are operated,
switches D* and D* are prevented from opera-
tion, and likewise that if the latter pair were

~ operated, - the. . former. could not operate.

This interlock.is duplicated at the other end

60

-~ motors and likewise
- .connections. . .

" g

of tlie train; thus serving to prevent both.

pair.of-switches operating at the same time,

and, .thereby . ,posjsibgr -short~circuiting the
1sarranging the circuit

- The series solenoid S is adjusted to respond

2 and the |

| ances are 1n circuit.

with eac

E

to this same voltage. After these switches

have operated the voltage upon the car wire

1s reduced as a result of the operation of the

voltage regulator V shown in Fig. 1, but the

several solenoids maintain their
their uppermost positions. _ _
The circuit through the motors may now

piungers In

70

be traced irom the trolley 2 over wire 87,

conductor 103, wire 104, closed contacts of
switch D, conductors 105 and 106, thence

through the armatures of the motors A and
B, conductor 107, contacts of switch D? con-

15

ductor, 108, thence through resistance 83, 84, -

conductor 109, through the field windings of

| the moters A and B, conductor 110, wire 111,
closed contacts of the series switch S, con--

ductor 112, wire 113, resistance 85, 86, con-

&0

ductor 114, thence through the field windings

of the motors C and E at the opposite end of
the train, conductors 115 and 116, closed

contacts of switch D¢ conductor 117, thence

through the armatures of the motors C and
&, thence by conductors 118 and 119, closed
contacts of the switch D?, and thence by way
of conduector 120 to the rail 3. It is thus ob-

served that the motor sets are in series with

each other, and that the controlling resist-

ning speed of the train.

- When the voltage of the car wire 1s raised
to secure the next speed, the resistance con-

This is the slowest run-

90

5o

trolling switches R and R?, associated with

the motors A and B, and the corresponding

switches R®and R* at theother end of the car

are. operated to cut eut the resistances con-

trolled thereby. Current for this purpose.
passesfrom the car wire 5 over condugtor 121,

thence through. the coils of switches R and
R*® 1 parallel to conductor 122, thence by
way of conductor 123 insulated contact 124

carried upon the stem of the relay X, con-

100

105

ductor 125, insulated contact 126 on the,

stem of switch P?, wire 127, non-insulated

contact 97, stem 98, contact 99, and wire 100
to the rail 3. 'The switches R3and R* are
likewise. operated from the car wire 5 over
conductor 128, and thence through:the wind-
imgs of said switches in parallel to the wire
122, and thence over the remainder of the
path just-traced. The operation of these

139

115

switches eliminates the resistance gections .
33, 84, 85 and 86 from the motor ¢ircuits,

and permits said motors to operate. at -a -

higher speed althou %h they are still in series

other. The resistance controlling

120

switches preferably operate in the order

car ig actuated thereby automatically check-

ing the rise of voltage upon the train wire and -

‘named to-cut out the resistance gradually. ..
| As soon as these switches have beenoperated,
‘the voltage regulator V2 upon the operator’s

125

the car wires, and cutting it down, but at the -

same time permitting sufficient current to
flow to maintain the switches operated.

 The next higher 1§pee_cl. of the train is _s'e—. '
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between the trolley and rail. This is accom-
lished at the third voltage of the train wire.
he relay X is the first switch to respond to

this higher voltage, and accomplishes various.
onding. In the first place,”

results in so resp |
the series switch S which hag been energized
by current from the car wire 5, flowing over
conductor 129 to one terminal of said switch
winding, and thence from the other terminal
over conductor 130 and contact 131, upon
the stem of the relay X, and
wire 125, ete., to the rail 3, 1s 1
gized by the breaking of its circuit at contact

131 of the relay X. ~Similarly the path for

current through the resistance controlling
switches R, R? ete., is opened at contact 124
of said relay X. These switches are there-
fore deénergized and the resistance re-in-
serted in the motor circuit. At the present
instant therefore, the motors are entirely
disconnected from the circuit.
tion of the relay X however, carried its cor-
tact 124 into engagement with itg upper sta-

tionary contacts, thereby comIplfeting a path
e

) hing switches
P, P? from the car wire 5, over conductor
132, thence through the windings of parallel-
Ing switches P, P?, thence by conductor 133,
contact 134 carried upon the stem of the
series switch S and which is now in its lower.
most position, conductor 134, contact 124 of
relay B{, and thence by way of wire 135 to
the rail 3. It should be mentioned that the
relay X is energized by current from the car
wire 5, flowing over conductors 136 and 135
to the rail 3, this connection being permanent,
but the relay not responding to the weaker
currents heretofore flowing through the same.
As soon as the switch P is operated, its con-
tact 97 is carried ihto en agement with upper
contact, thereby completing another path
for current from wire 122, over wire 137
through resistance 138 and thence by way of
contact 97 and conductor 109 to the rail 3.
The resistance controlling switches R, R2, R?

and R+, .are thus permitted to now operate

‘over this second path, containing the resist-

ance 138; and to cut out the resistances 83,
34, 85 and 86. The resistance 138 may be
made large enough to prevent the operation
of the resistance controlling switches R, R?,

ete., until a sh'ghtly higher voltage on the car |

wire is reache |

. The circuits through the motors may now
be traced as follows: Beginning at the left,
current flows from the trolley 2, wires 87,
104, 105 and 106 through the armatures of
motors A and B, conductors 107 and 108,
short circuiting ‘switch R?; conductor 109,

. thence through the field windings of the mo-
- Yors, conductor 110, closed contact of switeh |

P, and thence by way of conductor 100 to
the rail 3. The motors at the other end of

thence over ‘i
NoOw deéner-

)

\

' P2 In passing

| solehoid winding S.

3

| the solenoids _
the car have their circuit completed from | necessary to actuate them for any appreci-
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tact of switch P? wires 140, 112 and 113,
short-circuiting contacts of switch R4, con-
ductor 114, the field windj
and K, wires 115; 116 and 117, through the
motor armatures, wires 118, 119 and 120 to

the rail 3. Thus both motor sets are con-
nected directly between the trolley and the

rail-3 with the resistance cut out-of circuit:

So that their highest speed is obtained. As
before mentioned, the switches R, R3 R3

dings of motors C .

o
)

75

and R* are so adjusted as to cut out the re-

sistance sections m the order named. After
these changes of the circuit connections have

taken place, the voltage upon the car wire 5.

1s automatically reduced. -
When the current throu gh the lower wind-
ings of reversing switches D, D?, ete., is re-

80

versed in direction, the other pairs are ener-

gized and the first pairs deénergized, this

serving to direct the current through the mo-
| tor armatures in the reverse direction, while
still flowing in the same diregtion through the

field windings. No other change in the
cycle of operations is caused by this reversal

of current, except to change the direction of
travel of the train. ' |

85

90

- The apparatus thus Opera,ted at the hig‘her
ect,

voltage of the car wire constitutes in e

an electrical- interlocking mechsanism, since
1t prevents the operation of the solenoid
switches in any except the proper _ order.
For mstance, in changing over from the series

to the parallel relation of the driving motors,

1t is necessary to first open the circuit of the
motors, and before connecting them to the
circuit in parallel relation, to iterpose their
starting resistance. Thus, the operation of
the relay X opens both the circuit of the
series solenoid S and of the resistance sole-
noids R, R?, etec.
ing solenoids P and P? cannot become ener-
gized until the plurger of the serjes solenoid
S has dropped and t ereby closed the circuit
of said paralleling solenoid. Having thus
disconnected  the driving motors from the
circuit and re-introducing the starting

to energize the aralleling solenoids P end

rom the parallel relation to
the series relation of the drivin
1s also impossible for the wind; o
series solenoid to become energized until
lungers of the paralleling solenoids
ropped, and thus closed the circuit of
The plunger of the re-
Iay solenoid X 1s also obli ed to drop before
the circuit can be com ﬂted ‘through the
winding of the solenoid S, - Thus, the opera-
tion of the various switches in & de}inite
order is insured. | S

~ As was explained in connection with Fig.
1 1t is evident that the windings of none gf
are subjected to the voltage

have

Furthermore, the paraliel- -

re-
-sistancey it then becomes safe and only then,

kl
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able length of time, for a8 soon as this vol-

tage has been applied and thesolenoids have:

responded thereto, the voltage regulators
immediately cut down the voltage on the
train wire which results in a corresponding

reduction upon the car wires and leaves only |
a sufficient voltage on such car wires to allow

the solenoids to retain their plungers in their
uppermost positions. Of course, very much
less eurrent is necessary to accomplish this

latter result than the amount required to
actuate the solenoids when their plungers

are In thelr mitial position: .
As a result of the system thus described,
smaller motor generdtor sets may be em-

‘ployed than in some other systems, such for.

instance as that described in my pending
application, since each set supplies its own
car with current for operating its own solen-
old switches. Moreover, since such motor
generators are required to develop their

“maximum output for only a few seconds of

time, they may be overworked or worked
beyond the usual limit for that short time
without danger or harm to them. It is

evident also, that with this arrangement the

cars may be turned end to end without af-

fecting the direction of travel of the same,

with respect to the remainder of the train
since if the car is reversed, the current is
through its train wire, also reversed and the
direction of travel is the same as before.

Any suitable form of solenoid switches

may be employed, and any type of starting

switches and controlling switches may Dle
used. The controlling switch is one prefer-

ably having a spring or other means to re-
turn the lever to normal position as shown
i ¥ig. 1 of the drawing, when released from
the hands of the operator. These various
apparatus are so well known to those skilled
in the art as not to require further descrip-
tion or illustration. o

1t 1s to be understood that the present
system may be applied to the control of one
or more electric motors or other instru-
mentalities used in other relations than
heremn specified or connected in either an
alternating current power circuit or a divect
current power circuit. Various other alter-
ations; changes, modifications and substi-

tutions may- be made in the construction

and arrangement of the various parts and
circuits without departing from the spirit or
scope of my invention.

. Having thus described my invention, what
I claim as new and desire to secure by Let-

ters Patent, 1s:— | : |
1. In a multiple-unit-train-control sys-
tem, the combination with a plurality of

cars having driving motors therefor, of elec-

tro-magnetic switches on each ear responsive

to different voltages of current to control

said motors, a separate source of current

€5 supply for the switches of eweh car, means |

within the control of the train operator for
varying the voltage of current supplied-to
sald switches, and means whereby the con-

trol of said switches is rendered independent

of fluctuations of current that may oceur in
their circuits. | ' |

2. In a multiple-unit-train-control sys-
tem, the combination with a plurality of

cars having driving motors therefor, of elee-
tro-magnetic switches on each car responsive

to different voltages of current to control
sald motors, a separate source of current
supply for the switches of each car, means
within the control of the train operator for
varylng the voltage of the current supplied
to said switches, and means for checking the

rise of voltage through the windings of said
switches at the desired times to render them

independent 1n operation of the fluctuations
of eurrent in their circuits. _
3. In & multiple-unit train control sys-
tem, the combination with a plurality of
cars having driving motors therefor, of elec-
tro-magnetic switches oneach car responsive
to diflerent voltages of current to control

said motors, a separate source of current
supply for the switches of each ear, means

within the control of the train operator for
varving the voltage of current supplied to
sald switches, and means for checkine the

rise of and reducing the voliage thmwﬁl the

windings of said switches at the Jesired
times to render them independent of fluctua-
tions of current in their circuits. |
4. In a multiple-unit train control system,
the combination with a plurality of cars hav-

ing driving 'motors therefor, of electro-mag-

netic switches on each car responsive to
different voltages of current to control said

‘motors, a separate source of current supply

tfor the switches of each car, means within the
control of the train operator for varying the

70

75

80

85

90

9o

100

166

voltage of current supplied to said switches,. -

and means for automatically reducing the
voltage upon the circuits of said switches to

the desired amounts. .
5. The combination with a

phira';lity ,. of.

110

cars having driving motors therefor, of elec-.

tro-magnetic switches for each car respon-

sive to different voltages of current, a cir-

cuit Tor each car to which said switches are

connected, a separate source of current sup- -
ply for each car to furnish current to said eir--
cuit to control the oPera,tion of said switches,

means under control of the operator for vary-

ing the voltage of current supplied to said

115

120.

car circuits, and means for rendering the de-

sired operation of said switches independent
of fluctuations of
cuits. -

- 6. The combination W'ith a

current upon said car cir- .
| | L a12h
plurality of -

cars having dl*.']'nrfin;t.}:;"1 motors therefor, of-elec-

tro-magnetic swite

, es upon each car-to con- -
trol the motors, a circuit for each car to
which said switches are connected, a source.
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- netic switches upon each car
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- electro-magnetic switches

60

-of eurrent su‘p

desired operation

ducing the voltage
at each desired operation of the same.
with a plurality of

a

current to said circuit for the operation of
sald switches, g controlling circuit extending
throughout the train from which said sources
of current are controlled, means whereby the
operator 1s enabled to vary at will the vol-
' thereby
the voltage supplied 'to the car circuits to
thus suitably operate the said switches, and
further means for rendering_ sald control of
the switches independent of the fluctuations
of current that may occur upon said circuits.
7. The combination 'with g plurality of
cars having driving motors, of a plurality of
electro-magnetic switches upon each car to
control the driving motors, “a motor-genera-
tor set upon each car
the operation of the switches upon the same
car, the motors of said sets eing driven
from the trolley circuit, means under the con-
trol of the operator, to vary the voltage sup-
plied by the generator
switches, and means for rendering the de-
sired operation of said switches independent,
of the fluctuations of cuirent upon the trol-
ley circuit. -
- 8. The combination with plurality . of

' 1V} plurality of
! upon each car to
control the driving motors, a motor genera-
tor set upon each car to supply current for
the operation of the switches upon the same
car, the motors of each set being driven from
the trolley circuit, means under the control
of the operator to vary the voltage supplied
by the generators of the sets to sald switches,
and means for automatically reducing the
voltage supplied to the switches after each
of the same.

9. The combination with g plurality of
cars having driving motors, of electro-mag-
to control the
operation o. said motors, a

switches for their operation, the motors. of
sald sets being driven Irom the trolley cir-
cuit, a controlling circuit extending through-

‘out the train, means to enab]e the operator

to control through the medium of said con-
trolling circuit the voltage of current deliv-
ered by the generators of the sald sets to said
switches, and means for automatically re-

supplied to the switches

10. The combinatiorr

cars having driving motors, of g plurality of

_ upon each car to
suitably control said motors, said switches

being selectively operated by different vol-
current, a circuit upon each car to.

tages of
which said

‘there

to supply current for

of the sets to gaid

. each car

| motor generator
- set upon each car to supply current to the

903,178

ly upon each car to furnish | throughout the train, and furnishing current

for the excitation of the field windings of the
generators of the several sets, means under
the control of the operator for varying the
voltage upon said controlline circuit and
y the voltages impresse upon the car
circuits by said generators to suitably oper-
ate sald switches, and means for automatic-

.ally reducing the voltage upon said control-

ling circuit after each
the switches.

11.,The combination with a
cars having driving motors, of electro-mag-
netic switches upon the car to suitably con-
trol the motors, g separate source of current
supply upon each car to furnish current for

plurality of

70
75

80

the operation of said switches, and means to

enable the train operator to control the oper-
ation of said switches, said meang mncluding a
circuit extending throuchout the train and
consisting-of one wire onify. | a
12. The combination- with g lurality of
cars having driving motors, of electro-mag-
netic switches controlling the said motors, a
separate source of current supply for each

traln, means to enable the o
trol through the medium of sajd wire the
operation of said switches, and means to
render the control of said switches Independ-
ent of fluctuations of current.

~13. The combination with s plurality of
cars having driving motors, of electro-mag-
netic switches upon each car to suttably con-
trol the motors, a motor-generator set upon
driven from the trolley circuit to

erator to con-

furnish
switches, a

throughout the train,

consisting of one wire
only with which said

generators are connect-
ed, means to enable the train operator to
vary the voltage upon said coﬁmlling Cir-
cuit and.thereby the voltage of éurrent fur-

nished to said switches and means for ca.usin§ |

the automatic reduction of voltage supplie
to sald switches after each operation.

14. The combination with g plurality. of
circuits, of g plurality of electro-magnetic
windings connected with said circuils select-
Ively responsive to different, voltages, s sepa-
rate source of current supply for each said
circuit, and means for rendering the opera-

| tion of said devices gt the desired voltages

independent of undesired fluctuations of cur-
rent upon the circuit. |

. 19. The combination with a plurality of
circuits, of a plurality of electro-magnetic

windings connected with said circuits respon-
U [81ve to different voltages, g separate source of

current supply for each said. circuit, and
means for automatically reducing the voltage

ypon said circuits after said windings have

-bedn subjected to the desired voltages.

current for the operation of said
controlling eircuit extending
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~ating current, a circuit for eac
~ switches, a separate source of current squly
ling

v

20

D

- 18. The combination with a
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16. The ‘combination with a p]ﬁui:&lit,y' of

~ electric motors adapted for simultaneous and
‘corresponding operation, of electro-magnetic
switches associated with the different motors
‘to control their operation, seid switches being.

responsive to the different voltages of oper-

group of

for each said eircuit, means for contro
from one point the voltage impressed upon
said circuits from said sources of current sup-

ply, and means for reducing the voltage suc-
cessively supplied to said switches after they

have been suitably operated. -

17. The combination with a plurality ef
controlling circuits, of a separate-source .of.
~current supply for each of said circuits;
- means for simultaneously impressing like

voltages upon each of said- circuits, -and
means for automatically reducing said vol-

- _tages upon each of said circuits after said vol-

tages have been applied thereto. -
plurality of

~ separate controlling circuits, of a plurality of

1

25 electro-magnetic windings connected - with
. each of said circuits adapted to respond to |
the variations of voltage therein, means for | -

“switches upon each car to contro

2

lsimulta.ne_ou,sly 1m rés_Sing at will like vol-

tages upon.each of said circuits, and means

for automatically reducing the said voltages

after they have been applied thereto.
19. The combination with a plurality of
cars having driving motors, of a plurality-of
, 1pth9 opera-
tion of said motors and adapted to be select-

30

35

1vely operated by different voltages of cur- -
rent through their windings, a separate

source of supply for each car operated from
the trolley circuit to supply current to
switches of that car; means under the con-

| trol of the train operator to vary the vol-
 tage of current so sup

switches;
fluctuations occurring upon the trolley cir-
In witness whereof, I have hereungo sub-

| scribed my name in the presence of two wit--

nesses. - | o .
-- 'HENRY H. CUTLER. .
Witnesses: =~ L

J. F. Hawxins,

- T. R, BARNUM.

plied to the said
1e8, and means to render the desired op-..
reration of sald switches independent of the -

4 ()
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