W. C. MAYO.

CONTROLLING SYSTEM FOR MOTOR TRACTION CARS.

APPLICATION FILED KOV, 3, 1908.

Patented Apr. 2, 1912.

1,022,324,

8 SHEETS—SHEET 1.

.

La—_ e
Py

Mg,

M AV
Y

N
s (W WP, W, W7 V1V ¥

.
L—

I WY N WY

7 \%f

5000 0ROD.

e

b

| L

& o
Sﬂ Y
/)

&

) atto'cmu;o

%&t;woaeo | - ;
N



W. 0. MAYO. |
CONTROLLING SYSTEM FOR MOTOR TRACTION GARS,

APPLICATION FILED NOV. 3, 1908. !
Patented Apr. 2, 1912.

1.022,324.

3 SEEETS-SHEET 2.

NN
N
!

u” m M rs
A — : 2 .7
14 ] ] L ] 4 J i
: 3 , : — : W =
B J - ) ) ,
I3 7 — . » 7
_ )
[ I v e s BEER T
ST TR
|z | el
—o m"_FA__m_“ _Tm
To| @7l le
1 _“ﬂ_““nu“m
0 T |
—o | T e
. ___ m .
Ty :
¢

Gttorneyo




W. 0. MAYO. .
"CONTROLLING SYSTEM. TOR MOTOR TRACTION CARS.

| 1,022,324. Patented Apr. 2', 1912,

3 SHEETS—RHEET 3.

APPLIOATIXN FILED KOV, 3, 1808,

7

.
> 7

/

N

A

N

7
%ﬂ

Inventor

e Willimlge.
e S



~ UNITED STATES

PATENT OFFICE.

WILLIAM C. MAYC, OF EL PASO, TEXAS, ASSIGNOR, BY DIRECT AND MESNE

ASSIGN-

MENTS. OF ONE-THIRD T0 GEORGE E. BRIGGS, OF BARSTOW. TEXAS, AND ONE-THIRD
TO JOHN HOULEHAN, OF EL PASO, TEXAS,

CONTROLLING. SYSTEM FOR MOTOR-TRACTION CARS.

1,022,324,

Specification of Letters Patent.

Original application fled .'February 24, 1908, Serial No. 417,431 Divided and this application filed

. November 3, 1908.

T all whom it may concerns: ‘

10

30

Be it known that I, Wiztiam C. Mavyo, a
citizen of the United States, residing at El
Paso, in the county of El Paso and State of
Texas, have invented a new and useful Con-

trolling System for Motor-Traction Cars, of

which the following is a specification.

. This invention has reference to improve-
inents in controlling systems for motor trac-
tion cars and its object is to provide a com-
plete system of contrel which is in a great
‘neasure automatic and outside the volition
of the motorman. IR

“In the system to which this invention re-
lates each power car, even when a number of
such ‘cars are coupled together to form a
train, is provided with a prime mover. For
reasons which need not be entered into here,
such prime mover is preferably a multi-cyl-

inder explosive engine and since the system:
-contemplates the use of cars for city, sub-

urban, and interstate traffic, such prime mov-
ers are of heavy construction and are de-
signed to propel the car at high speed, say
80 or 90, or more miles per hour. ,
In the practical embodiment of the inven-
tion the engine may be provided with as
many as or more than twelve power eylin-

ders. Such engine is maintained in constant.

operation and 1s coupled to an electric gen-
erator through a suitable regulating device
which maintains the voltage substantially
constant. The fegulator in itself forms the
subject matter of Letters Patent No. 896,738,
granted August 25, 1908, on an application

.- filed by myself and John Houlehan, under
. the title of regulators for dynamo electric

" machines, and therefore it need not
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‘ be par-
ticularly described herein. - o

The generator employed is preferably a
direct current dynamo, and is utilized to sup-
ply current for all the purposes needed, as
will heveinafter appear, and for this reason
it must be maintained.in constant operation,
and, of course, the engine driving it is like-
‘wise maintained in constant operation.

Tq properly regulate the engine under the

areat variations of load incident to the op--

eration of a car, there is provided an engine
governor capable of taking care of these

great variations in load without material va--

Seria_.l_ No. 460,828,

riations in the speed of the engine. For eco- ;
nomical reasons the governor is so designed

.as to regulate the speed by cutting in and out
the individual engine cylinders or groups of
engine cylinders in accordance with varia-
tionis in load, without governing the charge
of the individual eylinders, and the governor
likewise controls certain other mechanisms
which will be referred to latéer on. The
structure of the governor however, forms no

the subject matter of Letters Patent No.
920,074, granted April 27, 1909, on an appli-
cation filed by myself and John Houlehan

engines.

stopped and also regulated at different speed,
there is provided a speed changing gear, the
special construction of which is not a part
of the present invention, but forms the sub-

granted October 27, 1908, on an application
diled by myself and John Houlehan under
the title of speed changing gear. :

Connected with the speed changing gear
is a positive clutch capable of connecting the
gedr up to the axles of the car in either the
forward or the reverse direction, and another
cluteh is provided, constructed to act both as
a friction clutch and as a positive clutch
under circumstances which will be referred
to hereinafter, though the structure of each
of these clutches forms in itself no part of
the present invention. Furthermore, the cars

. . L ~
air brake systemis receiving current, when

‘to. Such an electrically operated air brake
system does not in itself form a part of the

matter of Letters Patent No. 897,218, granted
August 25, 1908 on an application filed by
me under the title of -electricilly operated
air brake system, and will be referred toonly
to the extent necessary for the understand-
ing of the present invention. - '

_ Included in the general control system of
.the cavs are various signals, lights, and
other devices which will be
their proper place. C

In order that the car may be started and

present invention, but constitittes the subject.

described in

Patented Apr. 2, 1912. ‘
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part of the present invention and constitutes
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under- the title of governor for explosive
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ject matter of Letters Patent No. 901,980,
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necessary, from the generator before referred
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It is a feature of the present invention
that all the several mechanisms necessary

- for the proper running of the car are, to a

i0
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Jarge extent, automatic in their operations,
except that they may be controlled by a
motorman or engineman from one point of

control in a certain prescribed way, and no !

other, the purpose being to constrain the
motorman to follow the proper procedure
under the penalty of having the car or train
slow down, or even come to a full stop,
when such 1s neither intended nor desirable.

The present . invention - includes a con-
troller by means of which the motorman
may control the rmmniug of the car pro-
vided a prescribed course of movement of
the controller be strictly followed. By suit-
ably operating the controller tlie car may be
started and brought up to any desired speed
within the limits of the power, and main-
tained at such speed if so desired, and the
speed if less than the maximum, may be
raised or lowered at the will of the motor-
man, and any of the speeds may be main-
tained indefinitely. Furthermore, the car
may be run in a reverse direction with the
same facility of control by the proper ma-
nipulation of .the same controller handle
used to run it in the forward direction.
Again, the car may be stopped by cutting
off the power by moving the controller
handle to a certain preseribed position, and
then by further moving the handle in the

- same progressive direction the brakes may
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be applied in the same manner, generally
considered, as the ordinary air brakes.of
steam roads are manipulated.

The controller structure itself forms no

‘part of the present invention, but is fully

shown and described in Letters Patent No.
902,985, granted November 3, 1908, on an
application filed by me, of which applica-
tion the present application is a division.
‘he present invention includes a signal
system whereby communication may be had
between the driver-or motorman, and the
conductor by a predetermined code of sig-
nals, and this signal system is further pro-
vided with means whereby the conductor or
other properly authorized person may bring
the train to a standstill irrespective of the
motorman. These circuits are so arranged
that should the conductor desire to stop the
train independent of the motorman, as
might be the case should an accident: occur
of which the motorman is not aware, or
should the train break in two, then the
emergency brakes will be applied by the
conductor or will automatically be applied
in the case of a break in the continuity of
the train, while suitable aundible signals will

be employed for apprising the motorman of -

the condition of affairs. In case the train

breaks in two provision is made for appris-

ing thg motorman of the fact by a si_gnal

1,022,324

different from that of the regular intelli-
gence signal,and the emergency signal when
| the conductor purposely applies the emer-
gency brakes. Provision is also made
whereby the cutting. in of the emergency
brakes, whether under.the volition of the
conductor or through the accidental break-
ing in two of the train will at the same time
throw out the power so that the mechanism
of the car or train is not subjected to undue
strain. - The various operations, together
with the advantages resulting from the sig-
nal civeuit, will be fully set forth herein-
after.

“The invenlion will be best understood
from a consideration of the following de-
tail deseription taken in connection with the
accempanying drawings forming a part of
this specification, in which drawings,

Tigures 1 and 2 taken together illustrate,
diagrammaticnlly the electrical connections
of a single car, showing generally the sys-

ing circuits. Iig. 8 is a diagram of a por-
=

a train.
Referring to the drawings, Figs. 1 and 2

tem of control of a single power car. In
the present system each car is a unit; and
each car is capable of being coupled up to

more power cars may be united to form a
train. If trailers be used, power both me-
chanical and electrical will be furnished by
the power cars, but it will be nnderstood
that each trailer may be provided with suit-
able brakes to be controlled by an electric
system of control such as set forth in m
aforesaid Letters Patent, No. 807218 -

mover A, only diagrammatically indicated in
Fig. 2, but which is to be understood as a
prime mover of ample power for the pur-
poses of the invention. Becan® it ix desir-

able that each car should be a complete

vantages of such an engine, the system con-
templates, but of course is not confined to,
the use of an explosive engine of the multi-
cylinder type. Because of the track con-
ditions to be met in actual practice, and
the high speed it is designed to use espe-
cially in long distance traffic, the engine em-
ployed may have as many as twelve cylin-
ders or even more if found desirable. The
cylinders may be controlled singly or in
pairs or otlierwise as found most desirable
and for this purpose there is provided a
_governor B which however is only indicated
diagrammatically in the drawings, but
which is fully. shown and described in the
aforesaid Letters Patent No. 920,074,

. While not strictly material to the present
invention it may be stated that it is desir-

tem of control and also the signal and light--

tion of the signal circuit’ extending through.

unit in itself, and also because of the ad- -
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may be taken together as showing the sys- -

another car of like nature so that two or -
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.1y in service, and for this the governor is

15

20

1,022,324

able that the governor should be inactive
to'a rhinimum number of engine eylinders
but should be dctive to the remainder of the
engine cylinders by and in accordance with
variations in load put upon the car. Tt iy
designed that the prime mover shonld he
wntmuously operating <o Tong as the ear

made inactive to a minimum wember of en-
gine ¢ylinders.

. The purpose of 1)10\’1(111)0 continuous
po“el upon the car whether the latter

tion of electric current for various opera-
tions.. Each ear is provided with a suitable
electric generator in the form of a dynamo
C preferably. of tle direct current tvpe, and
in order that ‘the voltage of-the dynamo
may be substantially constant, there is pro-
vided a suitable regulator D such as set

~forth in the af()lesald Letters Patent, No.
896.738. The dynamo and uﬂulatm are

30
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only chawrammamcally repr esented in I ig. 2.
Each power car is provideu at each end
with a suitable econtroller B, the detail con-

struction of which is shown and described
902,985,
- of which this application is a division.

in my aforesaid Letters Patent, No.
The
cireuit connections of the controller will be
more particularly * set forth hercinafter.
Kach power car is also provided with a
suitable air brake system which |
is only shown in this application in so far
as the electrical connectiohs are concerned,
and these 1ndude electromagnetic means in-
dicated at I for the control 01L the air brake
valves, and are to be taken as indicative of

- the structure et forth in the aforesaid Let-
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ters Patent, No. 897,218, Tor reasons which
need not be palhoularlv entered into heve,

‘it is preferred that each car bLe provided

with two air brake systems since the cars,

having long bedics, are mounted upon dis-

tinet tracks at each end, and each truck is
provided: with+its individual air brake sys-

“tem, individually 'controlled by the electri-
“cally operated controlling means.

Fach ear
is dlSO provided with a speed changing and
reversing gear G, which however is only in-
diéated in Fig. 9 without any attempt to
show' its actual structire, the said speed
changing gear being fu]lv shown and de-
seribed 1n the ‘Lfowqald Lnttels Patent, No.
901,980. The speed changing gear is elec-
trlcallv operated; and the “electrical connec-
tions are SCh(,HLLth‘LHy shown at. F.

At a suitable point between the power
unit and the car'wheels there is provided a
combined friction and positive clutch, the
electrical portions of which are indicated

disgrammatically at I, and the details of.

thls clutch are tullv shown and described,
in the aforesaid Letters Patent No. 901 980

“for speed chianging gear.

In each controller D there is 3 series of

be |
‘running or not is to insure the gencra-

however

8

contact terminals numbered in the drawings
1 to 11 both inclusive, this number being
subject to change if under some. circum=
stances it be found advisable to add to or
subtract from the parts to be controlled.

CPhe movable parts. of the controller, that

the movable contacts of the controller,
are shiown in the drawings as isplayed and

ave numbered from 12 to 27 respectively,

and sinee it is preferable though not im-
perative that the parts 12 to 27 be movable
while the terminals 1 to 11 be stationary,
the said parts 1 {o 1 may be termed brushes
or terminals and the parts 12 to 27 may be
termed contact segments or cont‘x(‘tors in
order {o facilitate (he- deseription.

In practice the several contactors or seg-
ments 12 to 27 are mounted upon a. sh a‘ft
within a suitable casing and this shaft is
designed  to have a rolative movement

thr 011011 an arc of about 180° more or less,

and fmthemnue, the several segments are
assumed to be in electrical connection with
the 'said shaft in such manner that the sev-
eral segments are in electrical conmection
one with the other. Byv suitable mechanisimns
such- as. described in the aforesaid Letters
Patent No. 902,985, of which this is a divi-
sion,. or- by any other suitable meéchanism,
the umim]]m may be moved to any one of
a number of positions, and these positions
are indicated in the drawings of this appli-
cation by the solid and dotted lines desig-
nated by the numemls 23 to 36 both inciu-
sive.

The brushes 1 to 11 both ‘inclusive, are
each of suflicient size to carvy the required
enrrent safely, but none of them is wide
enough to l)rulﬂe the distance between two
steps Cof the ('omrollor The segment 12 of
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the ('011{101]91 is of suflicient lonfrth to re-

main in contact with a cireuit ter mmal |ay
the brosh 1, throughout the entive range of
moventent of the (‘(mhollel about tho axis
of fits shaft, and at a centm] point the seg-
ment 12 has an extension 87 of such 1eno'th
that tho said segiient may, when the con-
troller is in the central pnsmon have a ver-
tical movement without d)soonnectm(r it
from the brush 1, althongh the same vertical
movement w (mld dise onnoot the segment or
contactor 12 from "he said brush 1 when the
controller handle is in any other than the
central position. ‘The purpose of this will
appear bereinafter. The segment 13 is of
such length as to make contact with the
brush 2 when the controller is in the posi-
tions 29, 30, 31 and 32, and the Segment 14
which is on the opposite side of the median
line’ fromi that occupied by the segment 13
will make contact with the brush 8 when the.

“controller is in the posmom 33, 84,85 and
The segment 15'isof such size a& to con- -

36..
tact with the-brush 4 only when the con-
troller'is in thc position 30, and the segment
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16 is of such size as to make contact with the
brush 4 only when the controller is in the
position 34. The segments 17 and 18 will
make contact with the brush 5 only when
the.controller is in the positions 32 and 36
respectively, and the segment 19 will make
contact with the bimsh 6 only when the con-
troller is'in the position 28 which is the me-
dian position. The segment 20 is of suéh
Iength as to make contact with the brush 7
when the controller is in the positions 28,
20, 30, 31, 33, 34 and 35. The segment 21
will make contact with the brush 8 when the
controller is in the positions 28, 29 and 33.
The segments 22 and 23 will make contact
with the brush 9 only when the controlier
1s in the positions-29 and. 83 respectively,
and the segments 24 and 25 will likewise
make contact with the brush 10 only when
the controller is in the positions 31 and 35
respectively, and finally the segments 26 and
27 are of such length with relation to-the
brush 11 that the segment 26 will make con-
tact with the said brush in the controller po-

5 sitions 29, 30 and 31 only, and the segment

27 will make contact with the said brush 11
only when the controller is in the positions
33, 34 and 35. :

Running through the length of the car

Y-are two main line conductors 38 and 39 re-

ceiving current from the dynamo C, and

also running through the length of the car.
are other conductors 40 and 41 constituting-

signal conductors. There are also two other
conductors 42 and 43 for the reversing
clutch and two conductors 44 and 45 for the
speed changing gear.
conductors 46, 47, 48 and 49 which consti-
tute the brake controlling conductors and
finally there is another conductor 50 for the
whistle, it being understood that it is de-
sirable to provide each car with a whistle
which may be blown by air taken from the
air brake system, or by the exhaust of the
engine the said whistle heing used for warn-
Ing or signal purposes in the same manner
that a steam whistle.is used upon a steam
locomotive. In practice all these several
conductors extend through the length of the
car and are collected in a bundle or cable

. and may be thoroughly insulated and pro-

tected. Altg ther they occupy but little
room. . At eéach end the“edble of conductors
is provided with suitaBle coupling means of
the usual kind, which however are not
shown in the drawings, so that the main or
supply conductors and the other conductors

- 'which may be termed the train conductors

35

may be made continuous throughout the
length of the train.

While the car is assumed to be provided
with air brakes, the present invention has to do
only with the electrical side of the triple valve,
and this only is shown . in the drayings.
In this triple valve there is a controlling

There are also four.

1,022,324

solenoid 51 for the emergency application of
the brakes, another solenoid 52 for the slow
release, another solenoid 53 for service appli-
cation, another solenoid 54 for the ordinary
release of the brakes, and still another solenoid
55 for the release of the brakes under the
action of straight air, since the triple valve
is adapted for either automatic or straight
air or the systems in common use. One side
of each solenoid is connected by a branch
conductor 56 through the dynamo main 39.

70

The other side of the emergency solenoid 51 -

is connected by a conductor 57 to the train
conductor 46, the solenoid 52 is connected
to the conductor 48 by a conductor 58, and

80

the service solenoid 53 is connected to the -

condnctor 49 by a branch conductor 59. The
ordinary release solenoid 54 is connected to
the conductor 47 by a branch conductor 60,
and this solenoid 54 is conmected in series

with the solenoids 55 at corresponding ends:

by a conductor 61. By means of shunt
switches 62 and 63 and appropriate conduc-
tors, the solenoid 54 may either be ‘con:
nected up between the conductor 47 and the
conductor 39 or the solenoid 55 may be so

90

connected up with the solenocid 54 cut out of -

the circuit by the shunt switch.
Referring again to the controller ter-

minals it will be observed that the terminal

1 and the terminal 11 are connected to-

gether by a conductor 64. The terminal 2

is -connected by a-conductor 65 to the con-
ductor 42 leading to ome of the reversing
clutches, the terminal 3 is connected by a
conductor 66 to the conductor 43 leading to
the other reversing clutch conductor, the
terminal 4 is connected by a conductor 67 to
one of the speed changing gear conductors
which in this instance is the conductor 44,
while the next terminal 5 is connecied by a
conductor 68 to the other speed changing
gear conductor 45. The terminal 6 is con-
nected by a conductor 69 to the correspond-

ing terminal 6 of the other controller at the

other end of the car. Tle terminal 7 is con-
nected by a conductor 70 to the conductor
46 constituting one of the train brake con-
ductors, the terminal 8 is cosmected by a
conductor 71 to the brake conductor 47, the
terminal 9 is connected by a conductor 72
to the brake conductor 48 and the terminal
10 is connected by a conductor 78 to the
brake conductor 49. ' The conductors 64 con-
nect the end terminals 1 and 11 together, and
both controllers are connected together by a
conductor 74 extending between the two
controllers. The continunity of the conduc-

95
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tor 74 is broken at any appropriate point '

and the terminals at this break are normally
closed by a suitable bridging plug 75. As
will appear from.a consideration of the
aforesaid Letters Patent No. 902,985, of
which the present application is a division,
it will be seen that the plug 75 is contained
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within the controller structure at each end .

of the car, so that under proper conditions
the circuit may be there broken by the re-
moval of the plug, which will result in put-
ting the whole system out of commission, as
for instance, when the car is not used. It
may be stated that in practice this plug is
under the control of a lock and is accessible
only to authorized persons. Branched off
from the conductor 74 is another conductor
76 leading to' one side of the magnet or
solenoid 77 controlling an armature 78 in
opposition to a spring 79, and this armature
78 is provided with a contact 80 in the path
of which is another contact 81, constituting
the terminal of a conductor 82. The arma-

ture 78 is connected by a branch conductor
83 to another branch conductor 84 which in\

turn is connected to one of the signal frain
conductors. 40. The conductor 84 is con-
nected at its other end to a magnet or sole-
noid 85, the other terminal of which magnet
is.connected to the conductor 82.  The'mag-
net 85 controls an armature 86 in opposition
to-a spring 87, and this armature 86 is con-
neeted by a conductor 88 to the dynamo
main 38. The free end of the armature 86
carries a contact 89 in the path of which are
oppositely disposed contacts 90 and 91. The
contact 90 is connected to a conductor 92
leading from the magnet 77,~and ultimately
connected to the conductor 82 through a
switch 98. The conductor 82 leads to a ter-

minal 94 and also to an armature 95 con-

trolled by a magnet 96 in opposition to a
spring 97, and, in the path of the armature

- 95 is a contact 98 at one end of a conductor

40

99 leading to one side of an electric bell 100,
the other side of which is eonnected to a con-
ductor 101, one end of which latter is, in
turn, connected to one side of an electric bell
102, and the other side of this bell is con-

~ nected by a cohiductor 108 to the contact 91
[

45

before mentioned. _ . L

The conductor 101 is connected to a switchi
104 which; in turn, is connected\by -a con-
ductor 105 to the dynamo main 89, and
branched 'off from this conductor 105 is an-

. other conductor 107 leading to one side of

50
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the magnet 96, the other side of which is
connected by a conductor 108 to the signal
wire or conductor 41.. Also connected to the
conductor 105 is a magnet 109, tHe other side
of which latter is coupled to the condnctor
70 by a conductor 110, Under the influence
of the magnet 109 is an armature 111, con-
trolled in opposition to the magnet, by a

spring 112, by whiech the armature is drawn

into contact with the terminal 94 when the

magnet is deénergized. The armature 111 |

is:connected by a conductor 113 to another.
magnet 114 which, in turn, is coupled by a
conductor 115 to "the dynamo main '39.
Biinched off from the conductor 99 is an-
other conductor 116 leading to one side of a

S

bell 117 at the end of the car remote from
the bell 100, and branched ¢ from the con-
ductor 108 1s another gonductor 118 leading
fo one side of a bell 119 adjacent to the bell
117.  The other sides of the two bells 117
and 119 are connected in multiple to a con-
ductor 120 leading to the dynamo main 39
through a switch 121, :
. In the aforesaid ILetters Patent No.
901,980, for speed changing gear, thereis set
forth a structure whereby the speed of trans-
lation between'the prime mover and the car
wheels will automatically increase or de-
crease as long as certain circuits are main-
tained, and which cease to either increase or
decrease under certain other conditions.. In:
this speed changing gear, there are two sole-;
noids 122 and 123/controlling an air-impelled;
mechanism 124 arranged to put a rotary
‘switch 125 into and out of action, and to
cause it to move in either direction. The
solenoid 122 is eonnected by a conductor 126
with the conduc!'br 44 and the solenoid 123
is connected by a conductor 127 with the
conductor 45. The other sides of each sole-
noid 122 and 123 are connected together and
by a conductor 128 to an arm 129 carried
by the switch 195, but normally not moving
therewith. Current issupplied to the switch
125 ‘through a conductor 130 coming from
the dynamo main 39 and this cenductor-
180:is branched to a contact 181 adjacent’
to which is another contact 132,
-also in the branch leading to the contact 131
another contadt 133 adjacent to a contact
184 to which-the conductor 128 leads, and
these two contacts 133 and 134 are normally
bridged by the arm 129. As has been ex-
plained in the aforesnid Tetters Patent No.-
901,980, this arm 129 is movable for a very
limited distance at the end of the travel of
the switch arm in either /direction to break
the circuit between the contacts 133 and 134,
and thus deénergize the solenoids 122 and
123 automatically. The switch 125 is cou-”
pled ur to the speed <hanging gear which
is only conventionally shown at 135, so that
as the switch is moved arfdind over its sev-

There is .
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eral contacts, the transmission of speed from

‘the prime mover to the car axles is progres-
sivelyyincreaséd or decreased, as the case
may He, and this inerease or decrease is-
progressive and dvtomatic at all times.

In ' cennection” with the speed changing
gear there is the reversing dutch mecha-
nisa G conventionally shown in Fig, 2.

This clutch is also shownin detail and fully -

described in the aforesaid Tieliers Patent
No. 901,980, Tt ix only necessary to state
herein that this cluteh is designed to-cou-
ple up the speed gear to the car axles lo
cause them to turn in either divection. This
cluteh is controlled by two solenoids 136 and
137, the solenoid 136 being connected to the -

conductor 43 by a conductor 137/, and the

115
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solenoid 1387 being connected to the con-

ductor 42 by a conductcr 138, the other sides

of the solenoids 136 and 137 being connected
in common to a conductor 139 leading to a

terminal 140 under the control of the gov-

ernor B for the prime mover, which gov-
ernor is, as before stated, shown in detail
and fully described in the aforesaid Letters
Patent No. 920,074 Since this governor

forms no part of the present invention in-

so far as its detail construction is concerned,
1t is only conventionally shown in the draw-
ings, and its operation will be referred to
only in so far as may be necessary. The
governor conlrols a bridging conductor 141
I operative relation to the terminal 140,
and another terminal 142, which latter is
connected by-a conductor 143 to one side of
a magnet or solenoid t44. This magnet 144
has an armature 145.proyvided with a spring
146 acting against ihe pull of 'the magnet,
and the armature also carries a contact 147
in the path of which is another contact 148
connected by a conductor 149 to the dynamo
lead or main 39. The conductor 149 is also
connected to a terminal 150 under the con-
trol of a.bridging conductor 151 carried
by the governor, and coupling this terminal
150 normally to another terminal 152 cou-
pled to a conductor 153. The purpose of
this last conductor 153 will appear later.

. The armature 145 is connected by a con-
ductor 154 to the terminal 132 before re-
ferred to, and the other side of the magnet
144 from that connected to the conductor
143 is connected by a branch conductor 155
to the conductor 154. An operating arm 156
of the speed changing and reversing gear G
carries a bridging conductor 157 arranged

to close the circuit between two circuit

terminals 158 and 159,.the terminal 158 be-
ing connected by a conductor 160 to the
dynamo main 38, and the terminal 159 be-
ing connected by a conductor 161 to a sole-

noid 162 which, in turn, is connected by a.

conductor 163 to the dynamo main 39. The
solenoid 162 controls the clutch uncoupling
mechanism 164 also fully shown and de-

scribed in the aforesaid Letters Patent No.

901,980. " Tt may be here stated with rela-
tion to the structure illustrated at I, that
the clutch controlled thereby is interposed
between the prime mover and the speed
changing gear, and is of a type operating

frictionally up to a certain predetermined .
speed, and then coupling. the parts posi- !

the said Letters Patent No. 901,980,
In considering the operation of the sys-

tem as thus far described, it is to be undei- :
stood tliat the construction of the con- |

troller, as set forth in the aforesaid Letters

‘tively, all as fully shown and described in
" ments 13 to 19 to the controller handle. Un- -

|
!

1
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controller handle only. when the latter is
pressed by a downward force exerted by the
hand of the motorman, the said handle be-
ing constructed to have a limited -vertical
movement, and being capable of rotation
about a vertical axis at either extreme of its
limited vertical movement. .

The controller segments 20 to 27 both in-

controller handle when the latter is at the
upper extreme of ifs vertical movement.
TFurthermore it is to be understood that the

vertical movement of the controller handle

is only possible when all the controller seg-
ments are in the central or miedian posi-
tion, and either group of segments can only
be operated by the controller handle when

‘the latter is in one extreme or the other of

its vertical movement. The segment 12 is
rotatable with the controller handle at
either extreme of its vertical movement.
Now let it be assumed that the engine and
dyhamo are runfiing but that the car is
standing still, and let it further be assumed
that- the plug ot plugs 75 are in position to

70

L clusive, are movable under the action of the

75
80
85

90

cemplete the circuit through the conductor.-

74.  Furthermore it will be assumed that
the controllers are in the central position,
and the motorman has not yet grasped the
controller handle. 'With the controller lever

95

or handle in the central position, thére s

established a circuit between the dynamo

main 39 and the dynamo main 38 by way of' "
the conductor 56, emergency solenoid 51 and . -

conductor 57, release solenoid 54, and con-
ductor 60, to the respective train conductors
46 and 47 and by the conductors 70 and 71
to the controller contact or switch segments
90 and 21, thence through the controller
drums, which latter are not shown in the
drawings but are assumed to be present, to
the segment 12 and by way of this-segment
to the conductor 64, thence through the con-
ductors 74 and 76, magnet 77, conductor 92,
armature 86, to the other dynamo main 38,
the magnet 83, which constitutes the emer-

gency signal relay magnet, being normally -
. charged. With the parts in the position de-
seribed, the engine and dynamo are running

and the brakes are in full release position,
but the car is standing still or its axles are
uncoupled from the driving power. Let it
be assumed, that the motorman desires to
apply power to drive the car in the forward
direction. To do this he grasps the con-

troller handle and presses down upon the.

same so as to couple the upper group of seg-

der these conditions if the controller handle
or. lever be moved laterally then the sev-
eral contact segments at this time connected
thereto will participate in the movement.

Patent No. 902,985, is such that the group | The downward movement of the controller

of controller switch or contact segments

lever or handle has caused the elevation of

13 40 19 both inclusive, is movable by the | {he contact segment 12 until it is coincident
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with the controller terminal 1, and since the
length of the contact segment 12 is suffi-
clent, it remains in contact with the termi-
nal 1 throughout the -entire sweep of the
controller handle in .cither direction from

the median line.
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The motorman moves the controller han-
dle-in a direction to bring the contact seg-
ment 13 into engagement with the terminal
2, it being understood that the terminals
are in the median line 28. The movement. of
the controller Jever has been sufficient to ad-

vance the contactors or segments one step-

so- that the relative position of the upper
series of segments and of the fixed brushes
or terminals of the controller is as though

the fixed brushes had been moved to the po-

sition of the line 29. A circuit is then com-
pleted through the conductor 65 to the train
conductor 42 thence to the solenoid 137 of
the_clntch mechanism. &, and by the con-
ductor 139 to the governor B, bridging con-
ductor. 141 and conductor 143, to ‘the scle-
noid 144, thence by way of conductor 155 to
the conductor 154 and to the contact 132.
This last named contact and the contact 131
are under the -conditions assumed . now
bridged by the arm 129, so that the cireuit
is completed through the conductor 130
back to the dyname main 39. The solenoid
or maghet 144 is thus enevgized and the ar-
nmiature 143 is drawn toward it so that

another circuit through the contacts 147,

148 and.the conductor 149 is completed to
the dyname main 39 and the sclenoid or
magnet 144 is thus maintained energized

after the circuit between the contacts 131

and 132 is broken. The solenoid 123 moves
the clutch into a position to couple up the
speed changing gear for forward movement
of the car. But the speed changing gear is
not yet in mesh. This mechanism which is
fully set forth in the aforesaid Letters Pat-
ent No. 901,980, is so arranged that the speed
may be progressively raised or lowered by
throwing into mesh different sets of gear
teeth with pinions coupled to the cluteh
Now the nmotorman moves the controller
handle or lever until the fixed brushes of
the -controller and the movable segments
then sctuated by the controller handle have
the relalive position of the line 32..
is then established a civeuit' by way of the
contact segment 17, to the terminal § and
conduetor 68, then to the conducter 45, and
by way of conductor 127 to the solencid
193, thence by conductor 128 to the arm 129,

and by way of the contact 131 with which_

this almn is ab this instant connected, to the
coiclnetor 130 to the dynamo main 39,

The solenoid 123 couples up. the switeh
195 of the speed clianging gear to a moving
part. aetuated by the engine in such manner
that this switeli is caused to make progres-
sive contact with the series of conductors

There’

7

leading to the speed changing gear 135 50 &s
to progressively protrude and retract series

of gear teeth at suitable time intervals to

cause the speed of the car to be increased
progressively so long as the electrical con-
tacts just described are maintained except
that as soon as the switch 123 begins its
movement the arm 129 has a slight move-
ment sufficient to disconneet it from the con-
tacts 131 and 132, and complete the cirenit
to the other contacts 133 and 134 The cir-
cuit through the clectrical side of the speed
changing gear mechunism indicated at 135
is from one dynamo main 38 through a con-
ductor 165 to the speed changing gear 133,
thence by one after the other of the con-

70

%

80

ductors 166 connecting the switeh and speed

changing gear electro-mechanical parts, and
back to the dynamo main 39 through the
conductor 130. So long as the controller
lever is in position where the connections
correspond to the line 32, then the speed
constantly picks up until ultimately the
maximum speed may be reached, whicl in
practice may be 80 or 90 miles per hour, or
a higher speed as may be desired. When
this speed 1s reached there is provision. for
the breaking of the circuit between the con-
tacts 183 and 134 so that the sclenoid 123
will be deenergized and further progressive
movement of the switch is stopped auto-
matically. This is all set forth in the afore-
said Letters Patent No. 901,980,

Suppose that the motorman desires to run
his car at a speed below the maximum, then
when the desired intermediate speed is at-
tained he moves the controller lever or han-
dle to a position where the controller ter-
minals and the segments agree to the line 31,
thus bresking the circuit through the sole-
noid 123 and stopping the movement of the
switch 125 so that the speed changing gear

remains in the position then attained, and-

the car will run indefinitely at that speed,
or at a speed commensurate with the power
supplied at that position of the speed chang-
ing gear. :
Let it be assumed now that after having
eansed the car to run at some desired speed,
the motorman desives to lower the speed,
then he moves the controller lever or handle
where the contact terminals and segments
will agree to the line 30 thus bringing the
contact segment 15 into engagement with the
terminal 4 and the conductor 67, which is
conneeted to the train conductor M4, and this
in tarn is connected by the conductor 126 to
the solenoid 122 and the cireait is completed:
to the conductor 188, contacts 133 and- 134,

“and conductor 130 baek to the dynamo main

39, as before. Now the switeh 125 is coupled

up in the reverse direction and the speed.
changing -gear is progressively actuated to.
lower the speed until a desired lower speed’

is attained, when by moving the controller
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. position to the median position 28 which will.
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a8

arm or lever back into the position_wh_ere
the segments and terminals agree with the
line 31, this lower speed may be maintained.

Suppose now- that the motorman wishes to.
stop the car, as for instance on the approach

to a regular stop or station, then he moves
the controller where the segments and ter-
minals agree to the line 30, and beyond that

disconnect the clutch and leaving the train
moving under its own momentum. After
having brought the controller to. the median
pusition, the car may be slowed up and
stopped by first relieving the controller han-
dle of the pressure of the hand of the motor-
man, so that the lever or handle moves to its

" upper limit of vertical travel, thus coupling

20

25

the lower set of contacts to said lever, all as
set forth in the aforesaid Letters Patent No.

902,985. The controller is now in position

for applying the brakes, for the purpose as-
suming that the application of brakes is to
be an ordinary service application, then the
controller lever is moved in a direction so
that the relative position of the controller

. terminals and segments is that of the line 85.

Under these conditions, the emergency sole-

- noid 51 is still enérgized through the segment

30

35

40

20, and conductor- 70, and the service sole-
noid 53 is energized through the segment 25
and conductor 73 to the train conductor 49,
to which this solenoid is connected, the re-
turn being through.the common return ¢on-
ductor 56. The controller lever is held in
this position for a sufficient length of time
to produce the service reduction of pressure
desired, whether the same be light or heavy,
and when this is accomplished then the con-
troller lever is moved so as to bring the ter-
minals and contact segments into the rela-
tive position indicated by the line 34, which
is the position of lap. When it is desired

“to again release the brakes the controller

45

60

lever is brought back to the central position,
or if it be desired to slowly release the
brakes, then the.controller is brought to the

position where the contact terminals and seg-

ments will correspond to the line 33, thus
bringing the contact segment 23 into con-
nection with the conductor 72 which in turn
is connected to the train conductor 48 and
the latter is connected to the solenoid 52 by
meins of which the slow release of the brakes
is effected, as fully set forth in the aforesaid
Patent No. 897,218. . : v

It is to be observed that the movement of
the-controller lever from the position of full
speed to the brake position is in one pro-
gressive direction so that the motorman has
not to chinge thie direction of nwvement if
he desires to slow down and stop. Also it

- will*be obseived that the various positions
“alréady- described. are duplicated so that for

running in a reverse dirvection'the motorinan

1,022,324

has but to proceea with the controller in the

manner already described, but in a direction
opposite to that assumed. When this is done
the clutch solenoid 136 is energized instead

-of the solenoid 137, but the several other

operations are the same as before. The sole-
noid 136 is energized through the segment 14
and its connections. .

When the motorman desires to make an
emergency application of the brakes he may

:slow down as before and by moving the con-

troller to position 36, the emergency solenoid

65

70

75

is cut out of the circuit and the brakes are .

applied in the manner fully set forth in the
aforesaid Letters Patent No. 897,218, since
in the triple forming in part the subject mat-
ter of the said Letters Patent the emergency
application of the brakes is due to the de-
energization of the emergency solenoid. Tf
it be further presumed that the car is run-
ning and that for any reason the motorman
should release the pressure on the controller
lever, whether from illness or death or
fright, or negligence, then the. segment 12/
will be lewered out of contact with the ter--
minal 1 connected to the conductor 64 and
the circuits through the car controlling
mechanjsms are then all broken so-that the
prime mover i$ disconnected from the car
axles and the emergency solenoid is de-
energized. -There is at once an.emergency
application of the brakes and the car is au-
tomatically brought to a standstill in the
least possible space of time. This emer-
gency application of the brakes, is in the
complete system of which this present ap-
plication for patent forms a part, supple-
mented by an automatically operating track

brake tending to materially shorten the

time necessary for the stopping of the car
when the brakes are applied under emer-
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gency conditions. When the controller han- -

dle 1s. released from-the central position,
then the circuit is maintained through the
projection 87 of the segment 12, since .the
automatic application of the brakes due to
the disability or neglect of the motorman is
effective only when the car is running.
Should the motorman become careless or
attempt to jockey with his controller then
provision is made whereby the circuit is
automatically broken by the governor mech-
anism, as fully set forth in Letters Patent
No. 920,074 before referred to, the construc-
tion being such that a motorman must bring
the speed gear to the lowest point before he
can again couple up the car to the prime
mover, and this is also true in the case of
the emergency application of the brakes

_while the car is ‘coupled up for running.

Should an emergency condition arise when
the car is going at either full speed or some
less speed, but still coupled up to the prime
mover, then the motorman has but to release
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the controller haudle and the full emer-
gency application will he brought about au-

tomatically so that whether the motorman,

sticks to bis post or whether he béeomes
panic-stricken and jumps, the emor’geh('?
application of the brakes will e made it
cither instance, L
It is to be noted that the aiv brake mecha-
nism is provided for each end of the car.
This avoids.the nse of {rain pipes. eXxcept:
where used in connection with the usnal
brake systems, and is supplemented by the
use of air brake eylinders on each {rack,
thus avoiding the use of brake rigging.
The controller mechanism is of course
duplicated at each end of the car. By carry-
ing the train conductors through all the
ars of the train and having these cars. pro-

vided » with the several  mechanisms de-

seribéd, a single controller on the head car
may be made to control all the cars simul-
taneously. ‘ )

The invention contemplates the use of a
prime mover upon each power car with a

current generator en-each car and a speed.

controlling. mechanism as well as a brake
mechanism, so- that each ear is a unit in
itself but may have its electrieal connee-
tions coupled up to the controller of the
head car so that all these several mecha-
nisms work in unison under the control of
one motorman. S
Kach dynamo on each car is provided
with a suitable vegulator and is driven by
a suitable prime mover as described; it is
not deemed necessary however, to describe

the generator cirenits in detail since they.

ave fully described in T.etters Patent No.
896,738 for the Regulator, but it may be
stated that- these cireuits ave so arranged
that the dynamoes of the several cars may be
connected up for action in unison and’ the
current will be maintained at a substantially
constant voltage by the regulators.

Ax set forth 1n Letters Patent No. 020,074,
the governor is arranged to cut out the
sparking civeuit of a certain number of
engine cylinders when the speed for any
reason exceeds a certain predetermined lmit,
These sparking circuits ave indicated gen-
crally at 167 while a battery 168 may be
used for the purpose of initially starting
the engine through a suitable switeh 169 so
that after the engine has been started, the
battery maybeswitched out.and the dynamo
cirenit switched in to maintain the engine
in”operation and to save the battery.

Before proceeding with the description of
the signal and lighting cireuits it will be
observed that the contact segments’ 26 and
27 serve to maintain the controller circuit
through the conductor 64 on the brake side
of the controller as soon as the extension 37
of the segment 12 has been moved out of

contact with the corresponding terminal 1
5o that the main circuit is not broken in the
brake position except in the emergency po-
sition.  When the brake side of the con-
‘troller is in the central position then these

| conthet segments 26 or 27 no longen make

contact with the particular brush 11 in their
path so that the circuit through the éon-
ductor 64 may be broken at the contact seg-
ment 12 when the latter is in the car con-
trolled position should the pressure of the
motorman’s hand upon the controller handle
be released. All this has been set forth in
detail in Letters Patent No. 902,985.

In Fig. 3, is shown a diagram of the sig-
nal circuits, and this figure may be taken in
connection with Figs. 1 and 2. There is
shown the two dynamo leads 38 and 39 and
two signal conductors 40 and 41. There is
also shown emergency signal rvelays 85 and
the regular signal relays 96. In the dia-
gram Fig. 8 two cars so equipped are shown
and line wire couplings 170 are conven-
tionally indicated as being located between
the cars. Tt will be upderstood that any
number of cars may beruséd. Each car is
provided with an end switch 171 at one end
and another end switch 172 at the other end
to couple the corresponding ends of ‘the
signal wires 40 and 41. The end switch 172
in the rear end of the last car is always
closed in the regular running of the train.
Under these conditions the emergency sig-
nal relay 85 is coupled on one side to the
dynamo lead 38 and on the other side to the
signal wire 40 while the regular signal relay
15" coupled on one side to the dynamo lead
39 and on the other side to the signal wire
41 with the cireuit between the signal wires
closed by the end switch 172. The several
relays are, therefore, in multiple series with
each wound to the same ohmic resistance,
which should be high to render the line re-
sistance of the train wires 40 and 41 negli-
gible. then for any given voltage the current
used in each relay, and hence the magnetic
values, are the same and are almost exactly

L=
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onfe-half of what they would be were the

relays counected in multiple to a line of
similar voltage. . Of course the ernergendy
relays are in multiple circuit between the
dynamo lead 88 and the signal wire 40 and
the regular relays are in multiple circuit
between the other dynamo lead 89 snd the
signal wire 41, and these two combinations
are placed in series by the end switeh 172
on the last car. Tt isof course evident that
‘the end switch of any.car may.be closed for
the same purpose, but in a train.the end
switch of the last car and only that switch
must be closed so that should a train break
in two then the circuits through all the re-
lays will be open. Each car is also pro-

vided with tivo shunt signal switches 173
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_ductor, or by pulling the other cord the

“cord, then the motorman may, if he wishes

~a car has run off the track, and is dragging

in the car where the controller is in opera-

1.0

and 174. These shunt switches are secured |
to two suitable cords running through the |
train and in order.to avoid confusion these
cords may be differently colored or other-
wise characterized so that by pulling one
cord the shunt switch for the emergency
signal relay may be operated by the con-

shunt switch for the regular relay may be
pulled by the conductor. To further dif-
ferentiate these cords they may be Jocated on
‘wpposite sides of the car. : )
Suppose now that the conductor desires
to signal the motorman, he pulls the cord
which cluses the regular shunt switeh 174
and whether this switch be on the first car
.or the last car’or any intermediate car, the
signal wire 41 will be short circuited, thus
shunting every signal relay 967of the train
so that its spring 97 will pull back the arma-
ture 95, (see Fig. 1), thus establishing a
local ¢ircuit through the bell 100, which may
be of a distinctive type non-obtrusive to the
passengers, but which will be readily. ap-
parent to the motorman. These severel sig-
nal bells or gongs are located at each end
of each car and of course the one in the
front end of the {front car will be plainly
audible to the motorman. Wheu the gongs
cease because the conductor has released the

to also signal the conductor; close a small
switch, say the switch 1757, (see Fig. 1),
within easy reach close o the controller so
that he is not compelled to reach for the
cord which might be difficult since the mo-
torman must not let go the eontroller handle
under penalty of stopping the train under
emergency conditions. The conductor and
motorman are thus in constant signaling re-
‘lation no matter what part of the frain
the conductor may be in. Of course when

bridged directly across the dynamo-mains
and receive twice the current, but this only
causes them to pull harder on their arma-
tures and the electrical conditions are not
otherwise changed. Should the conductor
desire to instantly stop the train independ-
ent of the motorman, as for instance when

.on the ties or some defect in the cars has de-
veloped which makes it necessary that the
train be stopped in the shortest possible
time, or should the motorman for some rea-
son disregard the signals given by the con-
ductor, then the conductor may pull the
other rope to operate any one of the switches
173 and so suunt the emergency relays.
This would shunt every emergency relay
on the train, ‘and thus sinde the commen
return of the controller  is maintained
closed by these relays, then such common
return would be opened, more particularly

1,022,324

tion, that is, the front car. This will break
the power civenit to all the  electrically
controlled mechanisms including the emer-
gency  solenoids of the triples, and the
prime mover would be uncoupled from the
car axles and the brakes would be applied
under emergency conditions, and the train
be brought {0 a standstill. At the same time

the solenoid 77 will be cut out of ecireuit

and its armature 78 will be retracted by the
spring 79 until the contacts 80 and 81 are
brought together, (see Fig. 1), thus estab-
lishing a shunt around the emergency re-
lnv solenoid. Iven after the conductor re-
leases the rope controlling the switches 173
the ¢pring 79 of the series solenoid 77 main-
tains the shunt ecivcuit closed. In this cir-
cuit. 1s located the switch 93, (see ' Fig. 1).
T’nder these eonditions the motorman will
place his controller in the brake position of

ap, and then close the switch 93, this switch

being normally held open by a-stiff spring.

The.common return to the controller is thus.

temporarily closed through the series scle-
noidr 77 which. is then again energized to
retract its armature, thus taking the shunt
off the emergency relays on the signal cir-
cuit provided the conductor has already ve-
leased the cord. The emergency relays then

‘being energized by the removal of "the

shunt, the controller circuits will be again
closed by the emergency relay, and. the mo-

90

95

torman can then release the switch 93 to .

the action of its spring: The controller be-
ing on lap the brakes will still hold while
the motorman signals the conductor for in-
structions, The motorman could of course
have placed his controller on release, but
since it must be presumed that the conduc-
for would only stop the train for imperative
reascqis, possibly not known to the motor-
man, he would naturally.place the controller
on lap until the reasons for- the sudden
emergency #pplication was - communicated
to him. Meanwhile the emergency bell 102
rings because-of the closure of the circuit
between the armature 86 and the contact 91,
and this bell 1s distinctly different from the
regular signal bell. Tor this reason he
knows that it is the conductor who is stop-
ping. the train. The motorman then first
laps his controller, as explained, and. closes
the switch 93, and if the bell ceases then he
knows that he has the current. Then he
shunts the regular signal circuit with his

shunt switch and gives the requisite num--

ber of signals agreed upon. Now, the con-
ductor steps across the .car and pulls the
other vope, the regular signal rope being
placed on the other side of the car to. pre-
vent the accidental pulling of one rope for
the other as might be the case were they
both located on one side of the car, and he
answers the motormar’s signal. ' .
. Suppose now that the'frain should break
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in two. In this case, since the end switeh

on the last car was the only switch closed,

.- the circuits to both relays are broken and

10
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both bells ring at once, thus indicating
positively to the motorman that the train
is broken in two and the conductor also is
aware of the same condition.. And, since
each car of the train receives the current
from the controller on the head car, then
all -cars to the rear of the break loose the
control current and their power iy shut oft
and the brakes-ave applied.. .
Should  such a contingency as a train

breaking ‘in two oceur on a irain such as a.

steam driven train, then the brakes are ap-
plied while the full driving force of the

cengine is still activé, and while an engine
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strain,

man will at once cut off steam still this

cannot always be done quickly enough and
disastrous results follow, and even -under
a most favorable condition the parts are
put under enormons strains.  In the system
of the present invention a brealk in the train
results in the application of the brakes with
the simultaneons automatic cutting off of
the power from the car axles becanse of the
action of the governor structire shown in
Letters Patent No. 920,074, which unclutches
the driving gear from the axles as soon as
the load becomes abnormally great. and this
is done antomatically.  Also sinee the break-

ing in two of the trains will open the signal.

cirenits because of the end switeh being on
the last car, it follows that the deinergizing
of the emergency solenoid 85 will act to
uncluteh the prime mover by opening the
controller cireuit and hence power is shut
off and the brakes are applied without
Should, however, some: other end
switch, say one on a forward car, be inad-
vertently closed; then the governor structure

of Letters Patent- No, 920,074 will act as

has been explained. 1t, therefore appears

that ‘the action of the governor structure
and the signal civeuits are at all times pro-

tective.  This is usually true of both, but
should the wrong end switch be inadver-
tently closed then the mam and sole reliance
1s on the governor structure. Furthermore,
the danger -of the broken portion of the
train still continuing after the front part

~of the train is stopped, as for instance, when

the break ocenrs on a hill and the réar end
of the train is insufficiently braked, is en-

‘tirely avoided with the system of {his ap-

plication.since the matorman niay place his
controller.on full release and then close the
end switeh 171 at his end of ‘the train, thus

-restoring the series conneetions ‘which were
broken when the.train broken in two be-
cause of the closed end switeh being on

the last car of the train. He may then close

“the switch 93 until the emergency solenoid

85

85 and series solenoid 77 havé become enor-
gized, which is indicated by.both bells ceas-

i1

ing to ring. The brakes have then come to
release and he may keep ahead of the broken
rear end of the train should there be danger
of a rear end collision. With the ordinary
air system this procedure is impossible since
the air will escape froin the broken hose at
the rear of.the train and the hrakes caunot
be released.  Moreover, the conductor on
the rear end of the train. or a trainman.
has only to go'to the head controller on
the broken portion of the train with his
controller key to unlock the controller, as,
explained In Letters Patent No. 902,985, the
lkevs being in the possession of the members
of the train.crew, under appropriately rigid
rules, and then by unlocking the controller
may insert the circuit-closing plug 75 and
place the controlled on lap and then close
the corresponding switeh 93 until the bells
cease ringing. The adjacent end switch of
course need not be closed since the enc
switeh of this part-of thé*train s already
elosed. Then on rdleasing the switeh 93,
the {rainman, like the motorman -at the
hewd of the train. has the rear end of the
train under perfeet controll " ¥le may then
release thie: Drakes at discretion.  Under
these conditions the two train seetions -may

hesafely brought tagether and coupled up

and proceed on their way.

It has already been: stated that whenever
the motorman- Tor afy reason releases the
controller lTever while the {eain ix in run-
ning condition it eauses the uncoupling of
the power from the axles and the applica-
tion of the emergency brakes. This is be-
case the conditetor 61 has its eirenit broken
by the dropping of the contact 12 out of
connection with the terminal f. “Phis causes
the "defnergization of the series solenoid
17 dnd the cutting out of the emergency
signal relays 85 with the consequent sound-
ing of their gongs throughout the train.
Assume now that the brakeman, or brake-
en are not anthorized to stop the train by
pulling the cord controlling the emergency
signal relays, exeept in instances of extreme
danger, then the conductor may presume
that the train is without engine control and
acts aecordingly. When the regular signal
sounds, then the conductor knows that the
motorman wishes {o communicate with hin
and when the emergeney bell sounds, then
the train is without intelligent control from
sonie reason or other, or possibly.some other
trainman is niaking an emergency stop un-
der conditions-of extreme danger. When
both bells ring. it indicates thal ahie train
is broken m two. ‘ : v

It is to be observed that the various sole-
noids and magnets, and whenever magnets
are indicated they may be replaced by sole-
ndids, are coupled np in multiple-cireuit
with the exception of the series controller
solenoid 77, For reasdns which need not
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“be: entered into here it is preferred to em-] sired, and since it is caleulated to work mag-

[+

10

15

ploy a constanl potential dynamo of the di- |

rect. current type for the energization of
the various electro-mechanical structures in-
cluded 1n the system. For this reason the
solenoids or magnets are coupled up in mul-
tiple-circuit and series arrangements are
avoided wherever possible. IHowever, the
series magnet or solencid 77 must be so con-
structed as to operate as needed under ex-
treme variations in current. " The current
value in this solenoid wiil depend on the po-
sition of the controller since there are dif-
ferent solenoids included in the cireuit at
different positions. Each one of these varia-

- tions. is multiplied by each additional car

20

25

_number within reason.

30

85

and if in each car there are five variations
due to the five controller positions, then on
twenty cars there will bie one hundred varia-
tions and on a hundred cars five hundred
varigtions. Since with one car the signal
wires and solenoids are unnecessary, though
they should be present with a view to using
the car in a train, therefore, the minimum
number of cars to be considered may be
taken as two and the maximum may be any
The area of wire
of the solenoid must therefore be such as to
safely carry the maximum current without
undue resistance or heating. Since the mag-
netism is nearly proportional to the am-

pere turns and also with shallow windings

the length of the turns may be made nearly
equal, then it may be assumed that with such
windings the magnetism is directly propor-
tional to the ampere twrns and the mag-
netic pull being given the ampere turns may
be readily calculated, while the-given am-

- pere turns divided by the maximum control-

40

45

ler eurrent necessary for the two cars will
give the actual turns of winding. .The re-
sistance. of the winding may be caleulated,
and- this added to the train line resistance,
both of which may be made negligible for
two cars, will give the external resistance in
circuit with the operating-solenoids of the

_ train and in order that undue magnetic va-

riations ‘may not occur in the train line
solenoids from current variations due to the
external resistance on cars being added to
form a long train, the resistance of the sole-

.:noids should be relatively high.. On deter-

55

mining: the ratio’ betwen. the resistance of
the seriés solenoid and the resistance of the
external line and assuming a given voltage,
say twenty-five volts, the magnetic pull for

. the: solenoid can be re-calculated. When
. the values for the train solenoids and the

60

series solenoid have been finally determined
comparisons can then be made and changes
be effected wntil the proper values for the

~respective devices have been determined.

Thader these conditions even when the series
solenoid is energized by the weakest cnrrent,
still it.is able to perform the functions de-

"be fairly lavge.

netically at or near the saturation point, in-
creased ampere turns due to increased cnr-

rent will have practically no effect since the

slightly greater magnetism, if kept within
bounds and the armature is prevented from
contact with solencid core to avoid sticking,
will be ineffective. To aveid-any detrimen-
tal effects’ from the heavy winding and
small amount of iron present in the mag-
netic circuit, tending to produce residual
magnetism, then a reversing switch may be
added which may be thrown at intervals to
cure such tendency. ' )

Since direct current is used in this sys-
tem the area of the winding of the solenoid
77 will be suflicient to carry the maximum
current without considerable voltage drop,
and considering the relatively high resist-
ance of the train solenoids, it will be seen
that the latter are not disturbed to an ap-
preciable extent by current variations in
the series solenoid, as might be the case with
alternating current due to the counter elec-

tro motive force generated in such windings

when alternating current is used, and while
these current changes may cause consider-
able canvrent difference in the winding of the

series solenoid 77 they will produce much’

less effect magnetieally becanse of the sinall
magnetic core. The solenoids are all small
since Tittle air is needed for the opening and

closing of the varicus air valves of the air

brake system, and consequently the energy
passing through the controlier will never be
lavge, althongh considering the low poten-
tial, say twenty-five volls, the current may
» Should, wnder some con-
ditions, it be found that such a low voltage
necessitates too heavy a controller construe-
tion and involves too much copper. then a
higher pressure may be used, but low pres-
sures have the advantage of promoting dur-
ability and reliability of translating devices
in service because there is less danger of
short circuits or wire troubles, and the in-
sulation problems are simple, windings are
cheap, and so on. For higher pressures the
current-carrying parts will be smaller and
hence cause less tendency of heating at
switches and other contacts. Of course each
individual case will present its own. prob-
lems and usually the voltage required will
in most cases not fall below twenty-five nor
rise above fifty volts. ' ,

The circuit-breaking relay 144 used with
the engine governor has only certain sole-
noids local to-each car to deal with and
hence the current in it does not perceptibly

vary, and though it is a series solenoid it
presents no particular difficulty and need

not be further considered. This is also tiue
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of the circuit-breaking relay 176 shown in.

‘

-Fig. 2 in connection with the speed-chang-
/ing gear controlling segment 19. The two -
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terminals 6 in the path of the two segments
19 of the two controllers of the car are
connected together by the conductor 69 as
already explained. Tapped off from this
conductor is a jumper conductor 177 leading
to a contact 178 in the path of a contact

179 carrvied by the armature [80 of the

relay magnet or solenoid 176. In the path
of the contact 179 is-anothér contact 1351
connected by a conductor 182 to the dynamo
lead 38." The armature 180 is under the con-
trol of a spring 183 in opposition to the pull

of the magnet, and this armature is con-.

nected by a conductor 184 to one side of
the coil of the magnet or solenoid 176, the
other side of which is connected by a con-
ductor 183 to the train wire 44, which in
turn is connected to te solenoid 122 of the
speed-changing gear swi*ch 125, Thespring
183 tends to maintain ‘the armature 130
with the contact 179 against the contact
178. This connects the segments 19 of both
controllers to the speed-down side of the
switch. 125 of the speed-clianging gear. As
has been already stated, should the motor-
man shut off power while at high speed, the
rotary switch 125 will remain in the high
speed position and after a quick stop it is
not desirable to.place the rotary switch on
the slow speed by means of the controller,
this controller position being used merely
to reduce speed under mormal conditions.
Now, should the motorman sturt the car
with the speed-changing gear set for high
speed, the corresponding load will cause the
governor to cut the engine out. When the
motorman places the controller on the cen-
tral or cut-off position, the curvent passes
through the relay 176 and this connects the
low speed side of the rotary switch 125 to
the same side of the cireuit that the cou-
tact 15 or 16 would conneet it. Under these
conditions’ the magnet or salenoid 176 re-
maing in series with the rotary swileh-con-
trolling solenoid 122 and ultimately the
rotary switch is moved to the lowest speed,
after which the arm 129 automatically opens
this circuit; all as set forth in detail in the
aforesaid Patent No, 901,980. The rotary
switch 125 is so arranged that when the’
clutel ‘eircuit is closed the speed-changing
gear is still on the first or lowest speed po-
sition with the low speed cireuit open and
the car may run on such speed indefinitely.
T£ the motorman places his controller in po-
sition: to” cause the switch 125 to move to-
ward the-speed-raising position, then just
prévions to its going to the second speed

‘the rotary switch will close the Towering.

¢peed cirenit. The solenoid or magnet 176

may not receive enongh current to operate !
“all "of the lowering speed solenoids -on a

long train. This is of no corsequence since
just previous to the hreaking of the circuit
between the terminals 178 and 179 the cir-

i
1
i
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cuit is completed from the dynamo lead 38
through the terminal 181. To prevent short
cireuiting on decount of the low resistance
of solénaid 176 a resistance unit 186 is in-
cluded fa the conductor 177.

No atter at wint speed the car or train
nmay e fravehng the controller, it placed
at ot position, will through the solenoid
176 cause the rotary switch 125 to be ro-
tated in a direction to bring it to the lowest
speed position, which position is suitable for
the starting of the car, and the limited
movement of the arm 129 then momentarily
breaks the cirenit, thus detnergizing the
solenaid 176, this bréak aceurring only when
the low speed position lias been reached.

[t is Lo he espeeially noted that the closing
of the contaet terminals 179 and 181 is ef-
feeted just previous to the opening of the
contaet hetween the terminals 178 and 179,
so that the continnity of the eireuit is pre-
served, sinee otherwise the spring 188 would
produce a vibrating of the armuature 180 and
thus prevent the proper operation of the
solenoiedd 176, When the branch 182 has
been inelnded in the civeuit, then suflicient
current will low for energizing the solenoid
122, To prevent undue heating, resistance,
eten, the winding of the solenoid 176 must
he suelt as to earry the maximum current for
the nuimber of solenoids 122 which will be
included in thé eirenit when the maximum
number of ears are included in the train.
What has been stated with respect to the
winding of solenoid 77 'will apply to the
winding of the solenoid 176.

In practice, the solenoid 176 with the at-
tendant parts, may be used in the ballistic
forim. which may be attained by a small
olyveerin dash-pot or any other suitable
damping deviee. - Sinee such deviees . are
commercinlly available it is not deemed nec-
essry Lo illustrate them.  The disadvan-

fages of a series solenoid as hereinbefore.

outlined will havdly apply . as strongly- to
the solenoid 176 since the work demanded

of it s vormal and lasts but for an instant. -

When the controller actuates the solenoid
176 the current passing through it into the
solenoid 122 under each car will in- most
cases be too smail lo actuate the several
solenoids 122, but as before stated, when
the braneh 182 is inelnded, then the current
is sufficient. :

Sinee the contact segment 20 is in cireuit
with the conductor T0 except in the emoer-
weney position ol the brakes, then-the sole-
noid” or magnet - 109, which is in cirenit
with this conductor is constantly energized.
When, howevers the controller is put in the
cergeney position this magnet 109 is de-
energized and wnother eirenit s established
through the magnet or solenoid 114 which,
through a siiitable mechanism not shown,
is made to operate snitable sand valves so
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when the cumergency brakes are applied. Of
course these sund valve magnets. {14 may
be operated directly by the controller, bt

that sand could he deposited upon the track

with long trains this would mean an un-.

necessarily hieavy: controller segment and a
useless consumption of curvent. With one
or two car frains some of the relays need
not be used at all but ave advisable in long
trains and ave to be used upon any car which
is intended to be used in long trains. Of
course for city street cars relavs and many
other parts of the equipment desiened more
particularly for long trains for suburban or
iterstate traflic can be dispensed with but
when the cars are used for freight or pas-
senger traffic in regular {rains the relays
and other parts arve needed. :

In the case of trailers when used, and
there is no hose connection hetween the cars,
then such trailers are provided with air-
pump and brake equipments and such other
parts as may be necessary, It in the cuse of
trailers the engine and dynamo are omitted.
The air pump n such case if present on the
trailer is operated from the car axles tlivongh
suitable machinery or otherwise. '

Located within easy reach of the motor-
man is a switeh 186 conuected un one side
by a conductor 187 to the dynamo lead 38,
and on the other side to the train conductor

50 which in twrn is connected by another’

conductor 188 to a solenoid 189 constructed
to operate an air whistle or a whistle re-
ceiving the exhaust lmpulses of the engine.
This solenoid 189 is connected by a condue-

tor 190 to the other dyname main 39. The.

switches 186 with their connections are lo-
cated at cach end of the car, while the con-
ductor 50 may be connected at an inter-
mediate point by another conductor 191 to

-~ the dynamo main 38 through a suitable
“switeh 192, and this switeh 192, is located
- within easy reach of the conductor or train
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nian. other than the motorman, Should the
motorman desire to warn persons of the ap-
proach of the train by means of the whistle
he has but to close the switeh 186, Should
the train break in two tlien the signals may
be exchanged between the motorman on theé
front of the {rain and the train men on the
broken away portions of the train at the
rear by means of whistle signals.

The dynamo circuits are provided with
suitable fuse blocks 198, and such switches
as may be necessary, and leads to lamp civ-
cuits 194 in which may be included o suit-
able number of incandescent lamps 195 for
the lighting of the car, and when needed
may be carried to a trailer unsupplied with
a_source of current. The lamp cireuits in-
clude pilot lamnps 196 under tfm confrel of
switches 197 and if needed an are Iamp 198
of a train head light under the control of
a switch 199. These pilot lights and are

1,022,324

lights are duplicated on the two ends of

“each car.

What is claimed is:—

1. In a system of electric car control, elec-
tric mieans for operating a (riple” valve to
the positions of service, lap, release, and
eergeney, and a controller provided with
coutuct segments for effecting the operations
of release, lap, and service by the electric
neans and for maintaining the emergency
electric controlling means active except in
the position forr the emergency application
of the brakes. ;

2. T u syvstem of electrie car control, elee-
{ric means for operating a triple valve to the
position of full release, stow rvelease, lap,
service and emergency, and a controller pro-
vided with cirenit - controlling means for
causing the several operations.

3. In a system of electrie control for eavs,
clectric means for controlling a triple valve
and including a norinally closed circuit for
preventing the emergbney application of the
brakes and permitting such application
when the normally closed circuit is ruptured.

4. In a system of electric control for cars,

electrically controlled means for maintain-
ing the prime mover of the car in connec-

tion with the car axles, and active on closed.
circuit, and other " electiically controlled

means for operating the brakes and holding
the emergency side of the brake operating

neans - inoperative .on closed circuit, the.
means for maintaining the connection be--

tween the prine mover and the car axles and

the emergency side of the brake operating

means causing the release of the car axles
from the prinie mover and the application
of the brakes on the breaking of the circuit.

5. In a system of electric control for cars,
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clectrically-controlled means for mdintain-

ing the prime mover 6f the car in connection
with the car axles and active on closed cir-

cuit, other electrically-controlled means for-

operating the brakes and holding the emer-
gency side of the brake-operating means in-
operative oii-closed circuit, and a controller
having means for maintaining such closed
circuits during thé normal running of the
cdr and causing the break of said circuits
under abnovmal conditions. ' B
6. In a system of electric control for cars,
normally closed circuits for maintaining the
emergeney side of the brake mechanism out
of aection, said closed circuits extendin
thraughent the car or train of cars, ap
means other than the controller of the car qr
train for breaking said circuits to cause the
emergency application of the brakes. B
7. In a system’of electric control for cars,
normally -closed electrie circuits for main-
taining the emergency side of the brake
mechanism ocut of action, electro-magnetic
circuit closeis included in said closed cir-
cuit, and electro-magnetic controlling means
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“for the application of sand to the car tracks

rendered active on the breaking of the cir-
cuit holding the emergency brake mecha-
nism inactive. :

8. In a system of electric car control, elec-
tro ‘'magnetically operating means for the
‘arious. mechanisms, a coupling means be-
tween the driving power and the car axles, a

speed changing means also between the driv-.

ing power and the ear axles, and brake con-
trolling means, all being controlled by said
clectro magnetically operated means, the

said coupling means and speed changing |

means being active on closed circnit and the
emergency side of the brake opeérating
mechanism being inactive on closed circuit.

9. In a system of electric car control, elec-
trically operated coupling means: between
the power side of the car and the car axles,

20 electric brake operating mechanism includ-

15

ing emergency brake applying means, and
means for automatically causing the un-
coupling of the power from the axles on the
active operation of the emergency side of
the brake mechanism, .

10. In a system of electric ear control, a
normally open electric circuit controlling the
application of sand to the rails, a normally
closed electrie circuit holding the first named
cirenit open, and a brake controlling circuit
rupturing the second cirenit on the emer-
gency application of brakes.

In testimony that I claim the foregoing
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as my own, I have hereto affixed my signa- .

ture 1n the presence of two witnesses.

Witnesses:
H. C. Barstow,
K. P. IxcERrsoN.

WILLIAM C. MAYO.




