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UnrTED STATES PATENT. OFFICE.

GRANVILLE T. WOODS AND LYATES WOODS, OF NEW YORK, N. Y., ASSIGN-
ORS, BY DIRECT AND MESNE ASSIGNMENTS, TO HENRY C. TOWNSEND
AND DELBERT II. DECKER, TRUSTEES. - -

SYSTEM. OF ELECTRICAL CONTROL.

SPECIFICATION forming part of Letters Patent No. 697,767, dated April 15, 1902.
' Application filed May 18, 1901, Serial No. 60,903, (No model) '

To all whom it may concern: - |

Beit known that we, GRANVILLE T. W0ODS
and LYATES Wo00DS, citizens of the United
States, and residents of New York, in the
¢ county of New York and State of New York,
have invented certain new and useful Im-
nrovements in Systems of Electrical Control,

of which the following is a specification.
The object of our invention is to provide
10 simple and effective means whereby any one
or more motors or translating devices may be
controlled through any suitably-arranged
power-actuated (energized) controlling appa-

ratus and from any suitable point where a |
15 manually-operable switch is located for such |

purpose. The power employed to actuate
said eontroller may be of any suitable kind.
Our system is such that when a single car
is equipped with two or more motors and
20 should one of said motors become disabled
then the car may be made to proceed with
the remaining motor, provided the motor has
the proper amount of reserve power. Incase
‘a motor should fail while acting as a part of
2¢ an equipment that motor may be cutout and
the control of the remaining motors will con-
. tinue to be the same as if all the motors were
in ecircuit. When a number of cars are
equipped with our system, they may be cou-
30 pled together at will to form a train. The
coupling at one end of the car being a dupli-
cate of that at the other end, no trouble will
be experienced when coupling er uncoupling
the cars, and as each car is disconnected from
35 the train it may be driven by its motors onto
" a siding or elsewhere. It may be necessary
to couple up a train which will include one
or more cars which are not equipped with our
system. In such case it will be necessary to
10 use couplings long enough tospan across the
unequipped cars.
may all come under one common control. In
every case where one car of a train 18 un-
equipped with our system such car should
48 not be the end of the train, because the last
~ car should always be under full control.
In practice it will be noted that some cars

will be more lightly loaded than the others,

and therefore it should require less current
go 1o “‘slip the wheels” of the “‘light” cars than
to do so with the other wheels. There are
times in which a collector shoe or trolley of

|

Thus the equipped cars |

one car will make a bad contact, thus in some
systems partly or wholly depriving the mo-

tor or motors (of the car carrying that trolley) 55

of operative power.
In our invention we believe that we have

devised a system which is free from the faults

and failings of othersystems designed for the
purpose for which the present invention is in-
tended.

We shall use certain terms throughout this ™

specification and the claims to indicate the
various-parts of the apparatus illustrated in
the drawings. - |

The following explains various terms used
hereinafter. o ) '

“Driving-motor” refers to the car-propel-
ling motor. |

- ““Motive switeh?” indicates a switch whose

motive apparatus is a part of the switch itself.
One form of such may be made as follows:
A set of solenoid-coils, a single armature or
core controlled thereby, and a contact-piece
carried by sald core and preferablyin circuit
with said coils. Suech device is a self-con-
taining switch which is adapted to be oper-
ated step by step by current sent through its
motive coils in sequence. | |

‘“Commuting-switch” refers to the switeh
which the motorman will have to use in con-
trolling a train. DBy the use of this switeh he
controls the movementsof the motive switch,
which 1n turn governs the speed of the driv-
1ng motor or motors. |

““ Rheostatic switeh” indicates the switeh
which 18 adapted to be used in one arrange-
ment when it becomes necessary to operate
one motor of a car equipment when another
motor of the same car becomes disabled.

“Reversing-switch” is the term used to in-

dicate the switch which is connected in the

armature-circult of the driving-motor to re-

verse the direction of rotation of the same.

“Reversing-magnets” refers to the mag-
nets or solenoids which when energized con-
trol the movement (in one direction) of the
reversing switch or switches.

““Automatic switeh” refers to the switeh
which automatically throws a resistance into
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the driving-motor circuit whenever the cur-

rent becomes abnormal.

To more fully understand and appreciate
| our improvements, we refer to the accom-
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panying drawings, in which similar reference | tion of terminals to the contact 13

characters indieate corresponding parts.
Figure 1 is a diagrammatic view of one of

ourarrangementsforequipping onecar. Fig.

2 18 anotherdiagrammatic view of an arrange-

ment for the equipment of one car. Tig. 3
Is still another diagrammatic view. This

view 1llustrates two sections of wiring (sup-
posed to be on different cars) joined together
by means of an appropriate coupling. Tig.
4 1llustrates a diagrammatic sectional view
of the coupling connectors or heads of the
car-wires and a coupling-link. Tig. 5 is a
face view of a car-wire coupling-head. Tig.
6 illustrates a face view of a coupling-link
connector or head.

Referring now to Iig. 1, A is a set of c¢ir-
cult-wires having four sets of terminal con-
tacts or connectors 3 C D E and a set of
branch wires If, which connect each with one
appropriate coil of the of the motive switch G.
The terminals or contacts B C when not in
use are normally open; but they are adapted
to be coupled up to other cars to form a
train. T'he terminalsorcontacts D E are ar-
ranged at the respective ends of the car and
remain in open cireuit until one switeh-arm
Is brought into use, at which time switeh-
arm 1 will be moved over the terminals or
contacts at D or switch-arm 2 will be moved
over the terminals or contacts at E. When
either of such arms are moved, it is for the
purpose of actuating the motive switeh G.
At Il a seb of lamps is shown conneeted up
in series multiple with a switeh 3, whieh is
adapted to cut cut either series of the set.
At 1is shown the ordinary trolley-arm and
trolley-wheel. At J a mechanism is illus-
trated which is intended to automatically
proportion the current used in the motor to
the load to be moved—that is to say, when
the car is lightly loaded there will be more
resistance cut into the circuit, and of course
as the load increases the resistance decreases.
1The {inger4 is pivoted to the truck-frame at

o and hung from the car-body O by means

of link 6. As the car becomes loaded the
free end of finger 4 moves over registance
7 to cut out the same. I I’ are reversing
magnets or solenoids which are connected
in series and act through their cores to con-
irol the upward or ‘“‘one-way” movement
of the reversing-switches I. I, respectively.,
the downward movement of the said switches
being acecomplished by gravity. DM M’ are
the car-driving motors. The motive switeh
(x, as shown in Fig. 1, has the terminals
of 1ts coils electrically connected together
and then connected, by means of conductor
10, to the conduetor 11, which leads power-
current into the driving-motor. The coun-
tor electromotive force of the latter motor
catses & minimum current to be maintained

In the finally-energized coil of motive switch |

G, so that such coil will not be overheated
when maintained in the circuit. A normally

opan circuit-wire 12 leads from this collec- |

697,767

on coti-
muting switch-arm 2, so that when said arm
18 moved to close the contacts at I the con-
tact 13 will temporarily ground conductor 12
through wire 14, resistance 15, wires 16 17,
and car-wheel 18 for starting purposes. A
similar arrangement is shown in connection
with commuting switch-arm 1. In thatcase
conductor 22 leads from wire 11 and termi-
nates in the path of contact 23, which is car-
ried by arm 1. When said arm is moved to
start the car or cars, said contact 23 connects
conductor 22 to-ground through wires 24 16
17and wheel 18. It will be noted that switeh-
arms 1 and 2 are normally open and that po-
sition 1s maintained by them because of
springs 256 20, respectively. Suchsprings au-
tomatically cause the said arms to open the
cireuit as soon as the motorman releases the
arm. At 19 is shown a switeh which may be
used to connect wire 10 to ground through
resistance 20, wire 17, and wheel 1S when-
ever desirable. At 21 is illustrated a single-
point switeh which is adapted to open and
close the circuit between the trolley I and
the reversing-magnets I I, It will be seen
that the trolley I has a permanent ecleetrical
connection through wire 27 with wire 28 of
group A, while the reversing-magnets I KX’
are in constant electrical connection with
wire 29, and through that connection these
magnets electrically communicate with wire
o0 of group A. Switches 31 and 32 are shown
in their normal positions—that is to say,
when the motor system is normal these
switches are maintained in the positions
shown; but if one of the driving - motors
should burn outorotherwise become disabled
then the appropriate switeh 31 or 32 wonld
beshifted so as to connect thenormal driving-
motorto ground through the appropriate con-
tact 55 or 34. The contact-bar N (the lower
part of motive switch ) is divided into three
parts 55, 36, and 37. Part 85 controls the
contacts of driving-motor DM', while parts 306
o7 control the contacts of driving-motor M.
At 38 1s shown a switch which mav be used
to electrically connect the trolley I to point
59 1n case resistance 7 burns out. It will he
noted that this resistance 7 is supported by
an extension of one of the truck-timbers.
The modus operandi is as follows: Sup-
posethe switehes at D K are open and current
18 passing down trolley-arm I. I'rom there
1t will flow over single-point switeh 21, wire
2d,s0lenoidsor magnets K I', (in series, ) wires
16 17, and wheel 18 to ground or return. To
start thecar, (towardthe right,) switeh-arm 2
1s moved upward, contact 13 closes circuit-
wires 12 and 14. Meanwhile said arm 2 olec-
trically bridges contacts 40 and 41. This

causes an increased amount of current to flow
along trolley I and to wire 27, thence across
conduetor 42 to contacts 41 and 40, wires 43
44 45, coil 40, wires 47 and 12, contact 13, and
wires 14 15 16 17, and wheel 18 to ground.
The ecurrent passing through the motive
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switeh-coil 46 causes the switch-core 483 tobe

moved one step, thus causing the part 35 of
the switch-bar N to make connection with the

contacts 49 50 and part 36 toconnect contacts

51 52. Then more current will move down
trolley 1 and pass over switeh 38, resistance
7, finger 4, wire 11, switch L/, the armature of
driving-motor M', thencethrough the field of
motor M’
35 50, smtch 32, conductor H4., smtch 3l to

eonta,cts 52 36 51 resistance 05 qeld of driv-
ing-motor M, SWltGh 1,

wheel 18 toreturn. Inthe meantime the con-
nection made by the motive switech G has
also eompleted a new outlet for the current
which actuates said motive switech. This
outlet is along econductor 10, switch 19, wire
11, and thence over the circuits described,
which pass through the driving-motors and
over the switch-bar N. o |

t will be noted that the driving-motors are

- 1n series with each other and with the dead

- resistances 51 55.

30

35

gressively moved so as to connect or bridge

the nexttwoappropriate serial contacts 56 57,

the current will be shifted from contacts40 41

‘and will flow over 56 57 58 59, coil 60. From

thence it will follow conductor 10 to join the
power-current on wire 11.
ment of the switch-arm 2 caused contact 13
to disconnect wires 12 14, which connection
was made to complete a circuit for the initial
current-supplied to the motive switch G. As
the commuting switch-arm 2 is progressively
moved the pairs of commuting-switeh con-

tacts are brought into the circuit in sequence.

until the final contacts 61 62 are reached, at

- which time wires 63 69 and top coil 70 are in

40

45

circuit and the switch-core 48 is drawn to its
highest point of travel. Astheswitch-bar N
moved along step by step following the indi-
cations of the commuting switch-arm it first
cut outtheresistance55. Then resistance 53
wascutout. Thencontact part 35 connected
64 65, thus connecting motor M’ to ground
through conductor1617, and-wheel 18. Then
part 36 cut out motor M by passing from the
circuit at oifset 67.
movement of bar N caused contact part 37 to
electrically connect offset contact-piece 67
and contact-piece 68. 'Thislatter connection
supplies current to motor M over the follow-

- Ingcirceuit: from trolley I over conductors 27,

- 55

- motive switch G. As the switches and eir-

60

- E)-and communicates with motive switeh G
through conduetors 10 11, and wire 24 at D

28, 71, 68, and 67. Thus it will be noted the
driving-motors are thereby placed in parallel.
Switch-arm 2 when moved backward cuts out

cult connections at D and I are exactly alike

and the manipulations correspond it will be

unnecessary to repeat the described operation
of E. At D wire 22 corresponds to wire 12 (at

eonesponds to wire 14 at L To reverse the
direction of rotation of the dr 1V1nﬂ-m0t01 ar-

matbures, or, in other words, cause the car i.fmd 7618 the 1emstance which smd arm Must

, resistance 53 to contact 49, across

_ the &rmatme of mo-.
1301' M, thence over eonductOrs 16 17, and.

If switch-arm 2 is pro-

The latter move-

The continued upward

3

to move toward the left, it will be neces-
sary to open switch 21, T'hen the reversing-
switches I L' will be assisted in changing the
armature-circuits by the weight of the q;,4:;«1611-
oid-cores. When several cars are equipped

‘with our system, as shown in this figure, and

coupled towether it will be found that each
wire branehing from group A on one car will
be in multiple with the corresponding branch
wire on all the other cars. Therefore when
trains are made up all of the switches corre-
spouding to switch 21 (except the one on the

front of the pilot-car) must be opened and

thus maintained, so that all of the reversing-
switches may be cont1 olled from the front of
the pilot-car.

In Fig. 2the group of wires A is shown sub-

'Stantlally as that in IFig. 1, except wire 30,

which is normally idle," and conductor 63,
which has switches 78 and 79 inserted in its
terminals at commuting-switches D and K,
respectively, instead of the reversing devwes
or magnets K K’ being per manenﬂy electri-
cally connected to wire 30, as shown in Ifig.
1. The switch 79 is ad&pted'to connect said
magnets through wire 29 to the speed-con-
time on the pilot-car of a train. When only

may be left open, and when the reversing-
magnets are to be energized'single-point

70

80

QO

"hrollmﬂ' wire 63 and contact 62 at the same

95

one car is to be operated, switches 78 and 79 )

switch 21 may be closed for that purpose; but
1f a train of cars are equipped then all the

100

train-switches corresponding to the switches -

21 illustrated in the drawings must be main-
tained at open circuit. Thisstatement excepts

such switch on the pilot-car. Thisswitch may
beused,as previously deseribed, to control the
reversing devices or magnets X I'. Thus it

will be noted the speed-controlling wire may
be used for controlling the direction of rota-

tion of the motors. When the direction in
which the cars are moving is such that the re-
versing-magnets KK X' are maintained ener-
gized, it would not interfere with the appara-
tus if all of the switches (shown here as 78)
were closed and commuting - switeh arm 1
moved to econnect points 61 &nd 62. In the

present figure the conductor leading from

104

11O

115

magnet K is connected at point S0 to ’l:he driv- -

i]itfr motor ¢ircuit. In the presentinstance the
path for’'the current leaving conductor 47 of

switeh G is as follows: Tlle initial or starting

120

current passes directly from conductor 47

through resistance 15,wires 16 17,an< wheel 18.

: Thesecond path from said wire47is along con- -
ductor 10 to point 81, where it counects wich

the driving-motor eucmb 73 represents a

| switeh-arm 'Wh'ieh s ;depte'd to be used for

controlling motor M in case motor M’ fails to
work. 70 is the resistance which said arm

73 inserts or cuts out of the circuit when so-

desired. When the arm closes, the circuit-
current flowsfrom the trolleydlonﬂ‘ arm’'lLand
wires 27 28 71 32, arm 73, resistance 75, con-
ductor 83 to motm M. 74 1S & 81111113,1 arm,

125

130
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control. ‘When thisecireult is closed, current
flows along the trolley-arm I over switch 38,
solenoid 77, finger 4, wire 11, through switeh
I, motor A, contact 64, wire 84, arm 74, re-
sistance 76, conductors 16 and 17 to wheel 18.
The solenoid 77 has its core attached to fin-
oer 4, and whenever an abnormal current or
a carrent above a predetermined limit be-
gins to flow through the motor-circuit then
the said core is drawn up and finger 4 cuts
resistance 7 into the motor-circuit. As the
counter electromotive force in the motor in-
creases the finger moves downward and cuts
out a proportionate amount of said resist-
ance. wmuch resistance may be infinite, if so
desired. It will be seen that the latter ar-
rangement absolutely prevents the burning
out of the motor and also prevents the slip-
ping of motor-driven wheels.

In the operation of the driving-motor as
shown in Ifig. 2 (the present figure) the com-
muting-switches are handled in exactly the
same way as that described in Fig. 1, and the
motive switch (= acts just the same in both
cases. sucen current as would flow through
the coils of switeh G for the operation of mag-
nets I< X' would be small, and therefore have
practically no effect upon theswiteh-core 43.
In shifting the commuting-switch arm the
switch-core4S moves upward, thuscuttingout
by successive steps the field of the motor M
while the motors are in series with each other,
and then 1t euts out step by step the ficld of
motor M'. Then thecntire field of motor M’
1s eut into the c¢ireuit. Then the latter mo-
tor 1s grounded by part 35 connecting 64 and
65 and circuib 16 17 and wheel 1S,  Then part
527 connects 63 and 72, so that motor M re-
ceives current along the trolley I, conductors
28 71, and across part 37, at which time said
driving-motors will be in parallel or multiple.
The action of the motive switch-will be re-
versed when the commuting-switeh moves
back to 1ts normal position. ILach movement
of thecommuting-switch is copied by the said
motive switch, hecause of the peculiar con-
struction of the latter deviece and because of
the faet that the two such devices are in di-
rectelectricalcommunieation with each other.
From the description of Fig. 2 it will beunder-
stood that a single wire is made to carry cur-
rent for the actuation of a motor-speed-con-
trolling device and a motor-reversing device.
Therefore nospecial cirecuit 1s needed or used
(in this figure) for the motor-reversing mag-
nets. In this figure wire 50 is shown as a nor-
mally idle emergency - conductor which is
adapted to be substituted for one of the other
condueting-wires 1n case of the failure of one
of such wires. When the equipped cars are
connected up to form a train, 1t will be ob-
served thab wire 28 then extends through the
train, and being normally conunected to the
power-clreult by each current-collector on

trolley-arm,and in direct communication with
all of the motors when the train 1s in fall mo-
tion, thenin case any current-collector or trol- |

- 1ve current collector or collectors.

657,767

ley-arm I fails to male proper contact, the

power-current will flowfromthe othercurcent-
collectors, along wire 23, to the motors which
saould have been supplied through the defect-
It should
be noted that the bar N is mechanically a part
of motive switech G and electrically a part of
the cirenits thereof. The commuting-switeh
arms 1 and 2 arve detachable and are also nor-
mally ‘“dead ”—that 1s to say, they have no
permanent electrical connection with any of
the circuits. T'herefore each move of one of
sald arms must bridge two contacts to com-
plete a circuit. We prefer to arrange all of
the motor-controlling contacts upon a fixed
flat surface and then move a single contact-
bridge N so as to malke the appropriate cir-
cuit connections. It will be observed that
the motive switch 1s untrammeled with dash-
pots or such othexr devices as would prevent
the movable part of such switeh from
promptlly responding to the action of said
commuting-switch independently of the speed
of the commuting-switch movement. The
quick action of the motive switeh preventsthe
formation of ares when the various sections
of resistance are cutout of the inotor-cireuit.

FFig. 5 shows two diagrammatic sections of
wire groups joined together by a flexible coup-
ler. "These parts A" A” each represent sce-
tionally the group of wires A in Ifig. 2 and
the terminals I3 C D E.

Ifig. 5 1s Intended and illustrated only for
the purpose of showing the coupling R con-
necting the terminals B C between two cars.
Thereforeitisnotnecessary to repeat the pre-
viously-1llustrated detalls of the switeh con-
nections.

Fig.41s1n partasectional view of the coup-
ler R and the terminal coupler-heads S S’ of
the groups of wires A" A" or two such groups,
as A, Ifig. 2. 1t will be seen that asthe same
relative position is cccupled by the corre-
sponding wires on the respective cars the ter-
minal connectors or heads of the flexible
coupler Iv must be arranged so that mistakes
cannot be made when coupling cars together.
To this end the coupling - heads should be
composed of some strong insulating material,
1into which reasonably stiff wire - terminat-
ing fingers 90 92 should be inserted in this
insulating material and the wires arranged
to counect the fingers in head T in exactly
the same relative position as those are in head
T'—that is to say,.the top finger at T must be
connected to the top finger at 1" and the other
connections must follow in the same manner.
The connecting-fingers of the coupler or ter-
minal heads are what is commonly termed
“male”and ““female”—thatis,oneisso made
that 1t will slip within the other. By prefer-
ence these coupling-heads are made oblong,
as shown 1n Iigs. 5 and 6. At 03, Fig. 6, is
shown a safety-lug which fits into a groove
94 of Kig. 5 when the coupling-head, Fig. 6,
1s 1ngerted into the terminal-head, Fig, 3.
which 1s affixed to car-frame X, Mistakes in
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nal-heads which are affixed to the car-body

‘may face in any suitable direction. -

It should be understood that where we speak

of “motive switeh” we mean any switch
which is self-containing so.far as its motive
mechanism is concerned and adapted to be
nsed in substantially the same manner as the
apparatus herein described.

Having now described our invention,
claim the following:

1. The eombmamon of a plurality of motor s,
a series-parallel controller therefor, and an
aubomamcally acting current - modl’fy ing de-
vicehavingits movable portion in circuit “with
said motors, and adapted to be actuated by
an abnormally oreat lowofcurrentand there-
by interrupt Lhe tendency of such current to
affeect the normal condition or action of said
motors.

2. In asystem of electmcal controlthe com-
bination of a motor or other translating de-
vice, & motive switech having a step-by-step
motion and adapted to control the normal ac-
tion of said motor or other translating device,
means for placing said motive switch incom-
munication with the source of power-supply,
and an auntomatically-acting electromechan-
ical device having its movable portion in cir-
cuit with said motor or other translating de-
vice and adapted to move and thereby inter-

we

rupt the tendency of a current to affect the

normal action or eondition ot
other translating device.

3. In a system of electrical controlthe com-
bination of a motor or other translating de-
vice, a motive switch having a plurahby of
current-conveying coils, each of which 1s en-
ergized independently of the other coils, a
eommutmﬂ'—sw*xteh forelectrically connecting
said coils in sequence to the appropriate cur-
rent-supply eircuit thereby enabling said mo-
tive switech to control said motor or other
translating device, and a spring or other de-
vice which constantly tends to cause the mov-
able part of said commuting-switch to cutall
of said coils out of the circuit and thereby per-
mitting the motive switch to assume its nor-
mal 1)051131011

4. In a system of electrical control the com-
bination of a motor, a motive switch for con-
trolling the speed of said mofor, the energiz-
in n'-cmls of said motive switeh ha,vmn one seb
of hhelr terminals permanently connected to-
gether to lead current from said coils while
the other set of their terminals are in a nor-

sald motor or

mally open circuit and a manually- operable

switch which is adapted to connect the latter

60

terminals in sequence to the open-circuit ter-
minals of the current-supply circuit, said
manually - operable switch belng prowded
with means which constantly tends to cause
said latter switch to cut out of eircuit all of
the coils of said motive switch.

5. Inan electric system the combinationofa
driving-motor, a reciprocating motive switch

are thus avoided. The wire termi-

set of the ferminals of the motive-switch-en-
ergizing coils being permanently connected
‘uorrethm and lea,dmw to the armature of said
motor while the other set of terminals of said
coils are in a normally open ecircult, and
means for connecting the latter terminals in
sequence to the eurrent supply circuit.

6. Inan electricsystem the combination of a
driving-motor, a notive switeh for control-
ling the speed of said wmotor, a commuting-
switeh for controlling the action of said mo-
tive switch, a speed- connrolhnﬁ circuit con-
nection between said eommutmﬂ'-smtch and
said motive switeh, a driving-motor-revers-
ing device having one telmmal electrically
comimunicating wuh the armature of said
driving-motor (Lnd the other teriminal of sald
devlee being adapted to be electrically con-

nected to Sdld speed-controlling circuits, and

a single-point switeh for contr olhng said mo-

| tor-reversing device.

7. In (,ombm&tlon, a motor, a controller
therefor comprising fixed contacts and a mov-

‘able contact, a series of separately-actuated

devices ada,pted to move said movable con-

‘tact step by step, in one direction, through &

series of operative positions, and a commut-
ing-switeh controlling only the circuit con-

-neehous which are adapted to successively

operate said actuating devices to change the
speed or worlk of said motor.

3. In an electrically-controlled system, the
combination of a motor or other electmeal
{ranslating device, a self-containing motive

switeh havmn" a plurality ot 111dependent

current-conveying coils, each of which when
energized 1nfluences a movable electromag-
netlc body which is common to all of Sald
coils, said -coils being in a branch eircuit in
Ser ws with the motor, a contact carried by
but insulated from said magnetic body and
adapted to change the resistance of the mo-
tor-circuit, and means whereby said coils are

connected in sequence to the supply-circuit.

9. In a system of electrical control the
combination of a motor, ¢ircuits therefor, a

motor-speed controller, a device adapted to

control the direction of rotation of said mo-
tor-armature, a single group, or set of wires

whereby both of sald devices are connected
to said motor and an automameally acting
current-modifying device in circuit. with sa,ld
motor and adapted to move and interrupt
the tendency of acurrent to affect the normal
action or condition of said motor.

10. In an electrical system the eombma-
tion of & motor, circuits therefor, a motive-

switch device, a direction- cnntrolhnn device,

both of said devlces being connected to sald
motor-circuits, & eommutmmswmch means
for causing the latter csmtch to resume its

‘normal position when the manual control of
the said latter switch ceases, and means in
circuit with said motor and adaoted to move

auntomatically and interrupt the tendency of
a current to.affect the normal condltmn or

for cont1 olling the speed of said motor, one | action of smd motor.
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LL. In an electrical system, the combina-
tion of a motor equipment, a motive-switch
device, having a plurality of coils, all of which
influence, in sequence, one and the same elec-
tromagnetic body to change its position in
reference to the motor-circuits and a com-
muting-switch adapted to connect said coils
In sequence to the current-supply cireuit, the
sald electromagnetic body being free to act

promptly in response to any movement of

sald commuting-switch.

12. In an electrical system, the combina-
tion of two sets of contacts, one set being
connected to the current-supply eircuit while
the contacts of the other set are each con-
nected with one wire leading to a coil of the
motive switch, means for connecting one of
the contacts of the latter set with the appro-
priate one of the former set and an automat-
lcally-acting device in circuit with a motor
and adapted to move upon the flow of an ab-
normal current and prevent such current
from changing the normal condition or action
of said motor.

15. In an electrical system, the combina-
tion of a driving-motor, circuits therefor, a
plurality of simultaneously-actuated contacts
for effecting changes in the motor-cireuits a
motive switch for controlling said contacts,
and a commuting - switech mechanism con-
nected therewith and to the motor-cirenits
whereby when the movable part of said com-
muting-switeh is actuated one coil of the
motive switeh is brought into the motor-cir-
culit.

14, In a system of electrical control, the

comblInation of a motor, a commuti ng-switeh,

a motive switch, and a dead-resistance con-
nection between the motive-switch coils and
the ground or return-conductor,

15. In a system of electrical control, the
combination of a motor, a com muting-switeh,
means whereby said commuting-switeh al-
ways tends to stand at open circuit, & motive
switch, a high-resistance temporary connec-
tion between the motive-switeh coils and the
ground or return-conductor, and a low-resist-
ance connection between said motive-switeh
coils and the said motor.

16. In a system of electrical control, the
combination of a translating device, a com-
muting-switch, a motive switeh, an automat-
leally - acting deviee which is adapted to
move under the influence of an abnormal
current and interrupt the tendency of sueh
carrent to interfere with mnormal action or
condition of said translating deviee, and a
dead - resistance lemporary connection be-
tween the motive-switeh coils and the ground
or return-conductor.,

17. In a system of electrical control the
combination of g motor-controlling apparatus
having a series of wire coils and adapted to
control said motor, the said coils of said ap-
paratus having one set of their terminals
permanently connected together and leading

to one part of their supply-civeuit, while the |
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other set of their terminals are each in a nor-
mally open circuit, & manually-operable com-
muting-switch which is adapted to connecet
the latter terminals in sequence to the opeti-
circuit terminals of their current-supply eir-
cuit, and means located at said commuting-
switch whereby if the manual control of the
latter switeh ceases while the current is om,
the circuits will be automatically opened.

15. In a system of electrical control, the
combination of a motor, a com muting-switch,
a motive switch, a normally open circuit con-
nection between the motive-switeh coils and
the ground or return-conductor, and means
whereby said circuit is closed to initially ac-
tuate said motive switch.

19, In an electrical system, a plurality of
motor - controlling devices, each having its
movable contacts carried by a suitable sSup-
porting apparatus, a plurality of separately-
energizing coils operatively related to said
supporting apparatus of each controller de-
vice, each of said coils, when energized, be-
ing adapted to cause the movable contacts to
move through a portion only of the full length
of their paths, a set of wires extending along
the train and to whiceh the said eoils are con-
nected, and a commuting-switeh adapted to
supply current simultancously to the corre-
sponding coils of the several controller de-
vices.

20. The combination of a plurality of cars
united to form a train, some of said cars belng
equipped with driving-motors, motor-speed-
controlling apparatus upon ecach motor -
equipped car, the motor portion of said con-
trolling apparatus on each car being ener-
gized section by section, means on each motor-
equipped car whereby the motors may be re-
versed, coupling-head devices on each mo-
tor - equipped car and connected with tLho
speed-controlling apparatus and the motor-
reversing means thereon, and means adapted
to be coupled between the coupling-head on
one motor-equipped carand a coupling-head
on another motor-equipped car, whereby the
corresponding sections of all of the motor-
speed-controlling apparatus on the train may
recelve energy simultaneously by the move-
ment of one switeh, and all of said motors
may be reversed atanother time by the move-
ment of another switeh.

21. The combination of a plarality of ears
connected up to form a train, motors upon
and adapted to drive some of said cars, aplu-
rality of wires fixed upon each motor - car,
some of said wires, on any given motor-car,
having five terminals, the corresponding ter-
minals of the latter wires being grouped to-
gether and thus forming sets, two of such sets
ending in commuting-switch apparatus, an-
othertwo of said sets ending in two coupling-
head devices located at the respective ends
of the car, the remaining set of said termi-
nals ending in sectionally-energized motor-
controlling apparatus, and means adapted to
be temporarily connected between the appro-
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priate coupling-head deviceon one motor-car | series and then in multiple, a switch for gov-

and a coupling-head device on another mo-

~tor-car, whereby the correspounding coils of
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the motor-controlling apparatus on the sev-
eral cars will be connected in multiple 1nde-
pendently of the order or end relation of said
cars, and thereby permitting the simultane-
ous control of all of the driving-motors by the
manipulation of either commuting-switeh.

22. The ecombination of a motor, section-
ally-energized controlling apparatus therefor,
a commuting-switeh to govern said controller
apparatus section by section, reversing
ratus for said motor, au independent switch
adapted to govern said reversing apparatus,
and means located at the commuting-switch
whereby the motor-circuits will be caused to
be automatically opened upon failure of the
motorman to control said commuting-switch
during the whole time that operative eurrenb
s l'eeewed by said motor.

23. In a system of electrical control, the
combination of a pair of motors, acommuting-
switeh, aspeed-controlling device and a direc-
tion - contirolling device, said speed-control-
ling device being adapted to couple said mo-
tors in serles and then in parallel, and both
of sald devices being electrically eouueeied to
the circuits of said motors.

24. In a system of electrical control, the
combination of a pair of motors, a motive-
switch device having a plurality of coils all
of which influence, in sequence, one and the
same electromagnetic body to change its posi-
tion in reference to the said motors, to couple
them in series and then in paraliel, and a com-
muting-switeh adapted to connect said coils
in sequence to the supply-cireunit. |

25. In a system of electrical control, the
combination of a pairof motors, circuits there-
for, a plurality of simultaneously-actuated
contacts foreffecting changesin the electrical
connections between said motors, a motive
switch for controlling said contacts, and a
commuting - switch mechanism connected
therewith and with the motor-circuits where-
by, when the movable part of said commut-
ing-switch is moved from one pair of its con-
tacts to its next such pair, the resistance in

sald motor-circnits is thereby caused to
change-said motive switeh being adapted to
be conne(,ted in series with a motor

26. In a system of motor control, the com-
bination of a driving-motor, circuits therefor,
sectionally-energized speed-controlling appa-
ratus connected to the motor-cireuits, aswiteh
for governing said speed-controlling appara-
tus, motor-reversing mechanism connected to
the motor-circuits and adapted to act only
when thereversal of said motor is desired, and
a switch to govern the aemon of fa?:lld 1"evers-
ing mechambm |

27. In a system of motor eontrol_, the com-
bination of a plurality of driving-motors, cir-
cuits therefor, sectionally-energized speed-

appa-

7

erning said speed-controlling apparatus, mo-
tor-reversing mechanismeonnected tothe mo-
tor-circuits and adapted to constantly main-
tain such connection except during the re-
versal of said motors and a switeh adapted to
oovern said reversing mechanism.

28. In a system of electrical control, the

- combination ¢f a pair of motors, a motive

switchforchangingtherelation of said motors
from series to parallel, a commuting-switch,
and a reversing device for each such motor,
the coil or coils of one reversing device being
in serieswith the coil or coils of the other such
device.

29. The combination of a plurality of elec-
trically-equipped cars, each of such cars hav-
ing a driving-motor, a plumhty of wires upon

'eaeh car, sueh wires having five terminals,

the emwesmndinﬂ' telminals- of the several
wires upon a car being grouped together to
form sets, two of such setsending in commut-
ing-switch apparatus, another two of said sets
ﬂndmn' in two emmlmﬂ head devices, at the
1espec,131 ‘e ends of the car, the remaining set
of such terminals ending in motor-contr ollmﬁ
apparatus, and means whereby the said ter-
minals at the adjacent ends of two cars may
be electrically connected together and the
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corresponding coils of the several controller -

devices connected in multiple and thereby

permitting the simultaneous control of all of
the driving - motors by the manipulation of
either of said commuting-switeh apparatus.

30. The combination of a circult, and two
unlikeswitches connected therein, one of said

switches being adapted to control the other,

and both having a constant tendency to au-
tomatically open the circuit. '

31. The combination of a motor, a motive
switeh, for controlling said motor, and a sin-
gle set or oroup of wires having five sets of
terminals, two of the latter sets terminating
1n coupling-heads, one at each end of the car,
two other of the said five sets ending in com-
muting-switch contacts, and wires of the re-
maining set of terminals being connected to
the coils of the motive switch.

32. A train equipment which includes a mo-

tor or motors upon each car of such train, and

a motive switch of the character described,

carried by each car to control said motor or
motors, such motive switches being arranged
in multiple relation with each other and the
entire- plurality of such devices being con-
trollable upon the manual operation of one
commuting-switch, said commuting - switch

being adapted to be connected in series with
a motor
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23. In a system of motor control, the com- .

bination of a driving-motor, circults there-
for, speed-controlling apparatus connected
to the motor-circuits, a hand-switch for gov-
erning sald speed - controlling apparatus,
means located atsaid hand-switch and adapt-

controlling apparatus connected -to said cir- | ed to cause said motor-circuits to be auto-
- cuits and adapted to connect said motors in | matically opened if the manual control of said
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hand-switeh ceases while the motor is receiv-
mgoperating-current, motor-reversing mech-
anism eonnected to thfu motor-¢cireuits and
adapted to constantly maintain sueh connec-
tion except during the reversal of said mo-
tor, and a switeh for controlling said revers-
g mechanism,

5t In a system of electrical control, the
combination of a plarality of cars, nmlm"‘ on
some ol said cars, Seetlmmlly'-enew 1zed mo-
tor-controlling apparatus upon each of the
motor-cars, commuting-switches for govern-
ing the motor- eonm‘ollmﬂ apparatus, motor-
reversing mechanism upon each motor-ecar
and having a connection with said motors,
such connection being constantly mainta med
except during the 19%18@1 of sald motors,
and means adfxptnd to so couple the motor-
governing deviees on one car to such devices
on another car that the manual operation of
any one of sald commuting - switches will
cause all of said motor-controlling apparatus
to act simultaneocusly independently of the
order or end relation of said cars.

50. In a system of electrical control, the
combination of a translating device, a eom-
muting-switch, and a motive switeh having a
plumhty of contacte carried by the movable
part thereof and in series with the coils of
Lthe stationary part of the latter switeh.

50. In a system of eleetrical control, the
combination of a translating device, a eom-
muting-switeh, and a motwe switeh hmmg &
plurality of contacts carried by the movable
part thereof andin series with the coils of the
latterswitch and also in series with said trans-
lating device.

In a system of electrical control, the
combination of a translating device, a con-
trollinig device therefor and an automatic de-
viee acbmg Independentlyof said controlling
device and without disturbing the movement
thereof, and adapted to proportion the cnergy
1received by said translating device to the
work being done by the httel device.

35. A train of electueally—gqmpped cars,
cach car having acommuting-switeh and a re-
versing-switeh at each end therecof, means for
coupling said cars together so that the several
cars may be operated simultaneously from
any one ol the several commuting-switches,
motive switches, one upon each car, circuit
connections between the commuting-switches
and the motive switches whereby all of the
latter switches may be controlled by any one
of the former switches, and motors carried by
each car, sald motors being governed by such
appropriate motive switches as herein de-
scribed.

sY. In an electrically-equipped train sys-
tem, the combination of motors to drvive the
train, a self-containing motive-switeh device
upon each car and adapted to change the con-
nections of the car-motors from series to mul-
tiple and vice versa, twocommuting-switches
upon each car, each such latter switeh being

adapted to ecause the several motive SW]LCth |

t to simultaneously adjust the motors under

thelr control,am Otor—reveming‘ deviceon each
car and means upon each car whereby thesev-

eral reversingdevices may be controlled from
ANV CAr On Lhe brain.

4£0. In an electrically-equipped train con-
sisting of ““added units ” or a series of inde-
pendently-equipped cars, the combination of
a plurality of motors fm' each car, a motor-
controlling switch on each car to control the

sald motm thereon, a motor-reversing means
npon each car, means whereby the several
motors upon the train may be adjusted si-
multaneously from any car of the train, and
means adapted to move automatically and
acting independently of any of said appara-
tus 130 plevenb the power-current from caus-
Ing an abnormal action or condition of said
motors.

1. A train of cars each equipped with a
motor to drive 1t, a common controlling de-
vice for the motors, means which tend to
hold said deviee out of the circuit, and means
acting independently of the said motors and
without disturbing any of the controlling ap-
paratus to check any tendenecy of the power-
current to cause the motors to become ab-
normail.

42, A train with cars each individually
equipped with a pair of driving-motors ini-
tially coupled together in series, and a cur-
rent-varying controller therefor, the motors
on each car being initially coupled in multi-
ple series with respect to those on the other
cars, and means whereby said controllers are
always caused to move synchronously and

- 1sochronously, thereby the connections of the

several pairs of motors are simultaneously
changed from series to multiple.

43. In a system of electrical control, the
combination of driving - motor, a motive
switch having a seriesof in depmdently ener-
gizable colls, .;md a commuting-switeh adapt-
ed to control sald motive switch, the contacts
carried by said motive switeh being insu-
lated from each other and from the parts of
sald motive switeh upon which such contacts
are mounted.

44, In a system of electrical train control,
the combination of a plurality of cars each
having a driving-motor, motor-controller ap-
paratus upon each such car, and means
adapted to electrically conneet any given
point of each controller apparatus with the
corresponding point of each of the other of
sa1d controller apparatus.

45. In a system of electrieal train control,
the combination of a plurality of cars each
havinga driving-motor, motor-controlling ap-
paratus upon each such car, means adapted
to elecetrically connect the motor-controlling
apparatus on one such car to such apparatus
on another car so that a given point of one
controller apparatus will be in electrical con-
nection with the corresponding point of cach

- of the other controller apparatus.
46. In a system of electrieal control, the
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combination of a plurality of cars each hav-
ing a motor todrive it, a motor-speed control-

ler upon each such car, a commuting-switch

for each speed-controller and means adapted
to so couple the said electrical apparatus on
one car to such apparatus on an adjacent car
that the manual operation of any one of said

commuting - switeches will cause all of said

speed-controllers to simultaneously and syn-
chronously change the action of said motors.
47. In a system of electrical control, the

combination of a plurality of electrical con-

ductors, a plurality of motors connected be-
tween sald conductors, motor-control appara-
tus in electrical communication with said
conductors, and means adapted to be ener-
glzed section by section and thereby cause
sald control apparatus to change the relation
of said motors from series to parallel.

48. In a system of electrical control, the
combination of a plurality of conductors, a
pluarality of motors, connected between said
conductors, amotor-controlapparatus in elec-
trical communication with said conductors,
means adapted to be energized section by
section and thereby cause said control appa-
ratus to change the relation of said motors
from series to pamllel and means ad&pted to
reverse said motors.

49, The combination of a plurality of elec- |

trically-equipped cars, a motor-controlling
device upon each such car, means adapted to
electrically connect the motor-contmllmﬂ' de-
vice on the car torsuch device on an ad;lacent
car, and means adapted to cause all of said
controlling devices fo start simultaneously
and move with a synchronously step-by-step
motion.

50. Inan electncal system, the combination
of plurality of cars, each having two commut-
ing-switches thereon, a commuting-switch or

operator’s line on each such car and connect-

~ed between the two said switches thereon,
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and branches from said switch - lines and
adapted to electrically connect the commut-
ing-switches on one car with such devices on
the adjacent car independently of any other
electrical circuit.

51. An electrically-equipped car having in
combination, a motor, controlling apparatus
therefor, a plurality of commuting-switches,
one each for the respective ends of the car, a
group of wires connected between said com-
muting - switches, a plurality of coupling-
heads, one each for the respective ends of the
car, each of such heads having all of its con-
11ect1nn* ingers or terminals a,ma,nﬂ‘ed in a

vertmal series, and appropriate conneetwns |

between said ﬁnﬂers or terminals and said
agroup of wires,

52. An electrically- eqmpped car ha,vmcf in

- combination, a motor, controlling appalatus

63

therefor, a plurality of _commuting-switches,
one each for the respective ends of the car, a
agroup of wires connected between said com-
muting - switches, a plurality of coupling-
heads, one each for the respective ends of the

.taets and a set of movable contacts for e

S

car, each such heads having all of its con-

-neetmn* fingers or terminals arranged in a

vertlcal series, and appropriate conneetlons
between said ﬁngers or terminals and said
group oi wires, the arrangement being such
that a given wire will be connected to fingers
orterminals,in therespective coupling-heads,
which have the same relative position when
the said two series of fingers or termmals are
compared.

53. I'he combination of a plurality of cars,
each having a motor todrive it, a motor-con-
troller for eae,h car, and means adapted to
electrically connect the cor responding pomtb
of all the controllers.

54. The combination of a plurality of cars,
each having a motor to drive it, a motor-con-
troller for each car, means adapted to deliver

electrical energy simultaneously to the cor-

responding points of all the controllers and
means adapted to reverse said motors.

- 55, In a motor-controller, the eombination
of a plurality of coils adapted to be succes-
sively energized, and means external to the
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finally- enelmzed coll and adapted to main-

tain a minimum current in the latter coil.

56. In motor-control apparatus, the combi-
nation of a plurality of individually-aetuated

colls, and a branch cueult Lheleflom and in

series with the moftor.

. 57. In motor-control apparatus the combi-

nation of a plurality of individually-actuated
coils having a branch circenit in series with
the motor, and contacts moved by said coils.
- 88. The combination of a motor, a plural-
1ty of 1nd1v1dually actuated colls having a
branch eireuit in series with said motor, and

| & commuting-switch adapted to aetuate sald
_colls.

59. The combination of a motor, and con-

troller apparatus, the coils of the latterap;
paratus having & branch circuit in series with
said motor, and another branch eir cmt 1n par-
allel with said motor.

60. A car, a driving motor or motors there-

- on, a circult theretfor, a plurality of movable

contacts for effecting changes in the motor-
circuits, means adapted to operate said mov-
able contacts, and a commuting-switeh con-
nected therewith and communicating with a
branch cireuit which is in series Wlﬂl said
motor.

61, A plurality of cars, a plurality of driv-
ing-motors on such cars, a set of fixed con-

Tect-
ing changes in the circuits of the motors,
means adapted to actuate said movable con-
tacts, and -commuting-switches on the sev-

| eral cars and connected with the contact-ac-

tuating means and communicating with a
branch circuit which is in series mth the
motor.

62. A plurality of cars, a plurality of driv-
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ing-motors for such cars, a plurality of con- -

tacts for reversing said motors, means adapt-
ed to actuate smd contacts, means adapted to

| connect the electrical apparatus on one car to
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that on an adjacent car,commuting-switches

communicating with said contacts, and means
adapted to be energized section by section to
connect the motors in series and in multiple.

63. A plurality of cars, a plurality of driv-
ing-motors for such cars, a plurality of con-
tacts for reversing the motors, means adapt-
ed toactuate said contacts, means adapted to
connect the electrical apparatus on one carto
that on an adjacent car, commuting-switches
communicating with said contacts, and means
adapted to be energized section by section to
connect the motors in series and in multiple
and tovary theresistancein cireuit therewith.

64. The combination of a plurality of mo-
tors, a plurality of fixed contacts and a mov-
able contact, means controlled thereby for
changing the grouping of the motors from se-
ries to parallel and vice versa, and electro-
magnetic apparatus energized section by sec-
tion to control said means.

65. A plurality of cars,driving-motors upon
a number of such cars, movable contacts for
changing the circuit connections of the said
motors to vary the work performed thereby,
means energized section by section to control
said contacts, means adapted to connect the
electrical apparatus on one car to such ap-
paratuson another car, and one or more com-
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muting-switches for controlling said movable
contacts.

66. The combination of one or more com-
muting-switches each provided with a plu-
rality of contacts, a plurality of motors, and
controller apparatus adapted to connect said
motors 1n series and then in multiple, the
sald controller apparatus beingprovided with
a set of fixed contacts and a plurality of mov-
able contacts and adapted to have one sce-
tion energized to move said movable contacts
one step when the commuting-switeh malkes
connection with one of its contacts.

- 67. The combination of a plurality of mo-
tors, a controller apparatus therefor, and a
commuting-switch adapted to govern the con-
troller apparatus section by section, the said
controlier being so arranged and connected
that 1t will automatically open the motor-cir-
cult upon the failure of the line-current.

Signed at New York, in the county of New
York and State of New York, this 25th day
of January, A. D. 1898.

GRANVILLE T. WOODS.
LYATES WOODS.

Witnesses:
IJ. Er. VVOODS,
C. K. OSTELR.
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