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70 all whom, it may concern 
Be it known that I, WILLIAM. C. MAYo, a 

citizen of the United States, residing at El 
Paso, in the county of El Paso and State of 

5 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 control which is in a great 
measure automatic and outside the volition 
of the motorhan. 
"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 prine nover 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 cylin 

30 operation and is coupled to an electric gen 
erator through a suitable regulating device 
which maintains the voltage substantially 
constant. The regulator in itself forms the 
subject matter of Letters Patent No. 896,738, 

5 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 be par 
ticularly described herein. 
The generator employed is preferably a 

direct current dynamo, and is utilized to sup 
ply current for all the purposes needed, as 
will hereinafter 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 

40 

great variations of load incident to the op 
eration of a car, there is provided an engine 

50 governor capable of taking care of these 
great variations in load without material ya 

g . 

filed by myself, and John Houlehan under 

ders. Such engine is maintained in constant, 

to. Such an electrically operated air brake 

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 accorglance with varia 
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|tions in load, without governing the charge 
of the individual cylinders, and the governor 
likewise controls certain other mechanisms 
which will be referred to later on. The 
structure of the governor however, forms no 
part of the present invention and constitutes 
the subject matter of Letters Patent No. 
920,074, granted April 27, 1909, on an appli 
cation filed by myself and John Houlehan 65 
under the title of governor for explosive engines. 

In order that the car may be started and 
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 
ject matter of Letters Patent No. 901,980, 
ranted October 27, 1908, on an application 
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75 
the title of speed changing gear. 

Connected with the speed changing gear 
is a positive clutch capable of connecting the 
gear up to the axles of the car in either the 
forward or the reverse direction, and another 
clutch 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 
are each provided with electrically controlled . 
air brake systems receiving current, when 
necessary, from the generator before referred 
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system does not in itself form a part of the 
present invention, but constitutes the subject. 
matter of Letters Patent No. 897,218, granted 
August 25, 1908 on an application filed by 
me under the title of electrically operated 
air brake system, and will be referred to only 
to the extent necessary for the understand 
ing of the present invention. 

included in the general control system of 
the cars are various signals, lights, and 

95 

00 
other devices which will be described in 
their proper place. . . . s - 



It is a feature of the present invention 
that all the several mechanisms necessary 
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different from that of the regular intelli 
gence signal, and the emergency signal when 

for the proper running of the car are, to a the conductor purposely applies the ellier 
5 
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large 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 is neither intended nor desirable. 
The present . invention includes a con 

troller by means of which the motorman 
may control the running of the car pro 
vided a prescribed course of movement of 
the controller be strictly followed. By suit 
ably operating the controller the 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 prescribed 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. 
The 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 
shguld 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 audible 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 the motorman of the fact by a signal 

gency b?rakes. Provision i? 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 circuit, will be fully set forth herein 
after. 
The invention will be best understood 

from a consideration of the following de 
tail description taken in connection with the 
accompanying (li'awings forming a part of 
this specification, in which drawings, 

Figures 1 and 2 taken together illustrate, 
diagrammatically the electrical connections 
of a single car, showing generally the sys 
ing circuits. Fig. 3 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 

ten of control and also the signal and light 
tion of the signal circuit extending through. 
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may be taken together as showing the sys- . 

another car of like nature so that two or 
more power car's 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 understood 
that each trailer may be provided with suit 
able brakes to be controlled by an electric 
system of control such as set forth in my 
aforesaid Letters Patent, No. 897.218. 
mover A, only diagrammatically indicated in 
Fig. 2, hut which is to be understood as a 
prime mover of ample power for the pur 
poses of the invention. Becaus, it is 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, 
th? use of an explosive engine of th? multi 
cylinder type. Because of the track con 
ditions to be net in actual practice, and 
the high Speed it is designed to use espc 
cially in long distance trafic, the engine em 
ployed may have as many as twelve cylin 
ders or even more if found desirable. The 
cylindel's may be controlled singly or in 
pairs or otherwise 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 
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Each power cal' is provided with a prime 
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unit in itself, and also because of the ad 
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able that the governor should be inactive colltact terminals numbered in the drawings 
to a minimum number of engine cylinders 
but should be active to the remainder of the 
engine cylinders by and in accordance with 
variations in load put upon the cal'. It is 
designed that the prime mover should be 
continuously operating so long as the 'a' 
is in service, and for this the governor is 

power upon the ear whether the atter be 
i running or not is to insure the genei'a- 
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20 

896.738. 

made inactive to a minimum 
gine eylinders. 
- The purpose of providing contino is 

nimber of en 

tion of electric current for various opera 
tions. Each car is provided with a suitable 
electric generator in the form of a dynamo 
C preferably, of the direct current type, and 
in order that the voltage of the dynamo 
may be substantially constant, there is pro 
vided a suitable regulator ID such as set 
forth in the aforesaid Letters iPatent. No. 

The dynamo and regulator are 
only diagrammatically represented in Fig. 2. 

Each power car is provideo at each end 
with a suitable controller E, the detail con 
struction of which is shown and described 
in my aforesaid Letters Patent, No. 902,985 
of which this application is a division. The 
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circuit connections of the controller will be 
more particularly set forth hereinafter. 
Each power car is also provided with a 
suitable air brake system which however 
is only shown in this application in so far 
as the electrical connections are concerned, 
and these include electromagnetic means in 
dicated at F for the control of the air brake 
valves, and are to be taken as indicative of 

| the structure set forth in the afores?id Let 

40 
ters Patent, No. 897.218. For reasons which 
need not be particularly entered into here, 
it is preferred that each car be provided 
with two air brake systems since the cars, 
having long bodies, are mounted upon dis 
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tinct trucks at each end, and each truck is 
provided with its individual air brake sys 
tem, individually controlled by the electri 
cally operated controlling means. Each car 
is also provided with a speed changing and 
reversing gear G, which however is only in 
dicated in Fig. 2 without any attempt to 
show its actual structure, the said speed 
changing gear being fully shown and de 
scribed in the aforesaid Letters. Patent, No. 
901,980. The speed changing gear is elec 
trically operated, and the electrical connec 
tions are schematically shown at H. 
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 
diagrammatically at I, and the details of 
this clutch are fully shown and described, 
in the aforesaid Letters Patent No. 901.980, is for speed changing gear. 

65 In each controller E there is a series of 

1 to 11 both inclusive, this number being 
subject to change if under some i circum 
stances it be found advisable to add to or 
subtract from the parts to be controlled. 
The ovalle parts of the controller, that 
is tie in vable contacts of the controller, 
in re slowin' in the dira Wings as displayed and 
apºre aitan bereel fºroa 1:2 to 27 respectively, 
anti since it is preferale though not inn 
perative that the parts 12 to 27 be movable 
while the terminals i to 11 be stationary, 
the said parts 1 to 11 may be termed brushes 
or terrillais and the parts 12 to 27 may be 
termed contact segments or contactors in 
order to facilitate the description. 

En practice the several contactors or seg 
linents 12 to 27 are mounted upon a shaft 
within a suitable casing and this shaft is 
designed to have a rotative movement 
through an arc of about 180° more or less, 
and furthermore, 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 connection 
one with the other. By suitable mechanisms 
such as described in the aforesaid Letters 
Patent No. 902,985, of which this is a divi 
sion, or by any other suitable mechanism, 
the controller 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 
lated by the numerals 28 to 36 both inciu 
sive. . . . . 

The brushes 1 to 11 both inclusive, are 
each of stufficient size to carry the required 
current $afely, but none of them is wide . 

enough to bridge the distance between two 
steps of the controller. The segment 12 of 
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the controller is of sufficient length to re 
main in contact with a circuit terminal, say 
the british 1, throughout the entire range of 
movement of the controller about the axis 
of its shaft, and at a central point the seg 
ment i 2 has an extension 37 of such length : 
that the said següent may, when the con 
troller is in the central position, have a ver 
tical movement without disconnecting it 
from the brush 1, although the same vertical 
movement would disconnect the segment, or 
contactor 12 from the said brush 1 when the 
controller handle is in any other than the 
central position. The purpose of this will 
appear hereinafter. 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 from that occupied by the segment 13 
will make contact with the brush 3 when the 
controller is in the positions 33, 34.35 and 
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36. The segment 15 is of such size as to con- . 
tact with the-brush,4 only, when the con 
troller is in the position 30, and the segment 133 
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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 WiH1 
make contact with the brush 5 only when 
the controller is in the positions 32 and 86 
respectively, and the segment 19 will make 
contact with the brush 6 only when the con 
troller is in the position 28 which is the me 
dian position. The segment 20 is of su?ih 
length as to make contact with the brush 
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 controller 
is in the positions-29 and 33 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 
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 
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 being 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 

35 

tected. Alto ther they occupy but little 
room. . At each end the cable of conductors 
is provided with suitade 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 
may be made continuous throughout the 
length of the train. 
While the car is assumed to be provided 

with airbrakes, the present invention has to do 
only with the electrical side of the triple valve, 
and this only is shown in the drawings. 
In this triple valve there is a controlling 

There are alsó four. 

other end of the car. 
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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 Salye 
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 89. 

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 4S by a conductor 58, and 
the service solenoid 53 is connected to the 
conductor 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 connected 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 
connected up 
the circuit by the shunt Switch. . . . 

Referring again to the controller ter. 
minals it will be observed that the terminal 
I 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 one 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 connected 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 

The 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 coinected 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 73 to the 
brake conductor 49. The conductors (34 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 continuity of the conduc 
tor. 74 is broken at any appropriate point 
and the terminals at this break are normally 
closed by a suitable bridging plug 5. 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 (i) is contained 30 

90 

with the solenoid 54 cut out of 
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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 
moya 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 
tlhe terminal of a conductor 82. The arma 
ture 78 is connected by a branch conductor 
turn is connected to one of the signal train 
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 S6 in opposition 
to a spring87, and this armature 86 is con 
nected 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 93. 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 

. , nected by 
45 

other conductor 107 leading to one side of 
50 
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99 leading to one side of an electric bell 100, 
the other side of which is connected 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 

a conductor i03 to the contact 9i 
before mentioned. s' . 
The conductor 101 is connected to a switchi 

104 which in turn, is connected by a con 
ductor 105 to the dynamo main 39, and 
branched off from this conductor 105 is an 

the magnet 96, the other side of whiçh i? 
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 conductor 
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 which the armature is drawn 
into contact with the terminal 94 when the 
magnet is delinergized. 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. 
Binched off from the conductor 99 is an 
other conductor 116 leading to one side of a 

bell 117 at the end of the car remote from 
the bell 100, and branched 61f from the con 
ductor 103 is another gonductor 118 leading 
to one side of a bell 119 adjacent to the beli 
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 Letters Patent No. 901,980, for speed changing gear, there is 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 

Switch 125 into and out of action, and to 
cause it to move in either direction. The 
solenoid 122 is cºnnected by a conductor 126 
with the conductor 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 is supplied to the switch 
125 through a conductor 130 coming from 
the dynamo main 39 and this conductor 
i30 is branched to a contact 131 adjacent 

There is to which is another contact 132. 
also in the branch leading to the contact 131 
another contact 133 adjacent to a contact 
134 to which the conductor 128 leads, and 
these two contacts 133 and 34 are normally 
bridged by the arm 129. As has been ex 
plained in the afores:id Letters 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 deßnergize the solenoids 122 and 
123 automatically. 
pled ur, to the speed changing gear which 
is only conventionally shown at 135, so that 
as the switch is moved aröund over its sev 

tained, and which cease to either increase or 
deerease under certain other conditions. In 
this speed changing gear, there are two sole 

83 to another branch conductor 84 which in noids i22 and 123 controlling an air-impelled 
mechanism 124 arranged to put a rotary 

Thé switch 125 is cou 
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eral contacts, the transmission of speed from 
the prime mover to the car axles is progres 
sively increased or decreased, as the case 
may be, and this increase or decrease is 
progressive and iutomatic at all times. 

In connection with the speed changing 
gear there is the reversing clutch mecha 
nisiah G conventionally shown in Fig, 2. 
This clutch is also shown in detail and fully 
described in the aforesaid, i.etters Patent 
No. 901,980. It is only necessary to state 
herein that this elitel is designed to co 
ple up the speed gear to the car axles to 
cause them to turn in either direction. This 
clutch is controlled by two solenoids 136 and 
137, the solenoid 136 being connected to the 
conductor 43 by a conductor 37, and the 
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solenoid 137 being connected to the con 
ductor 42 by a conductor 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, 
it 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 controls a bridging conductor 141 
in operative relation to the terminal 1:40, 
and another terminal 142, which atter is 
connected by a conductor. 143 to one side of 
a magnet or Solenoid 44. This magnet 144 
has an armature 145 provided with a spring 
146 acting against the 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 ILetters Patent No. 
901,980. ' It 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 
tively, all as fully shown and described in 
the said I letters Patent No. 901,980. In considering the operation of the sys 
ten as thus far described, it is to be under 
stood that the construction of the con 
troller, as set forth in the aforesaid ILetter's 
Patent No. 902,985, is such that the group 
of controller switch or contact segments 
13 to 19 both inclusive, is movable by the 
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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 handlebe 

: 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 

clusive, are movable under the action of the 
controller handle when the latter is at the 
upper extreme of its vertical movement. 
Furthermore it is to be understood that the 

is only possible when all the controller seg 
ments are in the central or median 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 

dynamo are running but that the car is 
standing still, and let it further be assumed 
that the plug or plugs 75 are in position to 
complete the circuit through the conductor. 
74. Furthermore it will be assumed that 
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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, there is . 
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 solenoid54, 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 
20 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 7, conductor 92, 
armature 86, to the other dynamo main 38, 
the magnet 85, which constitutes the emer 
gency signal relay magnet, being normally 
charged. With the parts in the position de 
and the brakes are in full release position, 
but the car is standing still or its axles are 
uncoupled from the driving power. I.et 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 
same so as to couple the upper group of seg 

i ments 13 to 19 to the controller handle. Un 
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. 
The downward movement of the controller 
lever or handle has caused the elevation of 
the contact segment 12 until it is coincident 

vertical movement of the controller handle. 

scribed, the engine and dynamo are running 

troller handle and presses down upon the 
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the fixed brushes had been moved to the po 

another circuit through the contacts 1-4T, 
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with the controller terminal 1, and since the 
length of the contact segment 12 is suffi 
cient, it remains in contact with the termi 
nal 1 throughout the entire sweep of the 
controller handle in either direction from 
The motorman moves the controller lhan 

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 lever 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 
sition of the line 29. A circuit is then con 
pleted through the conductor 65 to the train 
conductor 42 thence to the solenoid i37 of 
theclutch mechanism G, and by the con 
ductor 139 to the governor B, bridging con 
ductor 141 and conductor 143, to the sole 
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 circuit 
is completed through the concluctor 130 
back to the dynamo main 39. The solenoid 
or magnet 144 is thus energized and the ar 
niature 145 is drawn toward it so that 

148 and the conductor 149 is completed to 
the dynamo main 39, and the selenoid or 
magnet 144 is thus maintained energized 
after the circuit between the contacts 131. 
and 132 is broken. The solenoid 123 noves 
the clutch into a position to couple up the 
speed changing gear for forward movement 
of the car. But the speed changing gear is 
mot 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 clutch. 
Now the notorman moves the controller 
handle or lever until the fixed brushes of 
the cont l'oller and the moyable segments 
then actuated by the controller handle have 
the relative position of the line 32. There 
is hen established a circuit by way of the 
contact segment 17, to the terminal 5 and 
conductor (5S, then to the conductor 45, and 
by way of conductor 127 to the solenoid 

2: theneely conductor 128 to the arm 129, 
and joy way of the contact. 131 with which 
this an is at this instant connected, to the 
conductor 13) to the dynamo main 89. 

'I've solenoid 123 couples up the Switch 
125 of the speed changing gear to a moving 
part actuated by the engine in such manner 
that this switcl is caused to make progres 
sive contact with the series of conductors 

leading to the Speed changing gear 135 so tes 
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 125 begins its 
movement the arun 129 has a slight nove 
ment sufficient to disconnect it from the con 
tacts 131 and 132, and complete the circuit 
to the other contacts 133 and 134. The cir 
cuit through the electrical side of the speed 
changing gear mechanism indicated at 135 
is from one dynamo main 3S through a con 
ductor i65 to the speed changing gear 135, 
thence by one after the other of the con 
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ductors 166 connecting the switch 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, which in 
practice may be 80 or 90 miles per hour, or 
a higher speed as may be desired. When 
this speed is reached there is provision for 
the breaking of the circuit between the con 
tacts 133 and 134 so that the Solenoid 123 
will be deemergized and further progressive 
movement of the switch is stopped auto 
maticaily. 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 innoves the controller lever or han 
dle to a position where the controller ter 
mina is and the segments agree to the line 81, 
thus breaking 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 
caused the car to run at some desired speed, 
the notorman desires to lower the speed, 
then he moves the controller level 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 
connected to the train conductor 44, and this 
in tarn is conected by tle conductor 126 to 
the solenoid 22 and the circuit is completed 
to the contictor 2S, entats, 133 and 134, 
and conductor 130 back to the dynamo main 
39, as before. Now the switch 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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arm or lever back into the position, where 
the segments and terminals agree with the 
line 31, this lower speed may be maintained. 
Suppose now that the motorman wishes to. 

of the solenoid 137, but the several other 5 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 

10 disconnect the clutch and leaving the train 
moving under its own momentum. 
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 
the lower set of contacts to said lever, all as 
set forth in the aforesaid Letters Patent No. 

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 

25 that the relative position of the controller 
terminals and segments is that of the line 35. 
Under these conditions, the emergency sole 
noid 51 is still energized through the segment 
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 oon 
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 
lever is brought back to the central position, 

45 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 
means of which the slow release of the brakes 
is effected, as fully set forth in the aforesaid 

5 Patent No. 897,218. 
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 
he desires to slow down and stop. Also it 
will be observed that the varios positions 
already described are duplicated so that for 
running in a reverse direction the motorman 

position to the median position 28 which will 
After slow down a 

902,985. The controller is now in position 

not to change the direction of movement if 
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has but to proceed 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 
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 ????? of the brakes he may 

s before and by moving the con 
troller to position 36, the emergency solenoid 
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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. If 
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 121 
will be lowered out of contact with the ter 
minal 1 connected to the conductor 64 and 
the circuits through the car controlling 
mechanisms are then all broken so-that the 
prime mover is 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 is released from the central position, 
then the circuit is maintained through the 
projection 37 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 
moyer, then the motorman has but to release 
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the controller handle and the full emer gency application will be brought about all 
tomatically so that whether the moto'nan. 
sticks to his post or whether he becomes 
panic-stricken and jumps, the ??????? application of the brakes will be made i 
either instance. 

0 

20 

It is to be noted that the air brake mecha 
nism is provided for each end of the car. 
This avoids the use of train pipes, except 
where used in connection with the usual 
brake systems, and is supplemented by the 
use of air brake cylinde's on each track, 
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 
rars of the train and having these cars, pro 
vided with the 
scribed, a single controller on the head car 
may be made to control all the cars sinul 
taneously. W 

The invention contemplates the use of a 
prime mover upon each power car with a 
current generator on each car and a speed. 
controlling mechanish as well as a brake 
mechanism, so that each car is a unit in 
itself but may have its electrical connec 
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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. 

Each dynamo on each car is provided 
with a suitable regulator and is driven by 
a suit alle prime nover as described; it is 
not deemed necessary however, to describe 
the generator circuits in detail since they 
are fully described in Letters Patent No. 
S$)(3,738 for the Regulator, but it may be 
stated that these circuits are so arranged 
that the dynamos of the several cars may be 
connected up for action in unison and the 
current will be maintained at a substantially 
constant voltage loy the regulators. 
As set forth in Letters Patent No. 920,074. 

the governor is arranged to cut out the 
sparking circuit of a certain number of 
engine cylinders when the speed for any 
reason exceeds a certain predetermined limit. 
These sparking circuits are indicated gen 
erally at 167 while a battery 168 may be 
used for the purpose of initially starting 
the engine through a suitable switch 169 so 
that after the engine has been started, the 
battery may be switched out, and the dynamo 
circuit switched in to maintain the engine 
in operation and to save the battery. 

Before proceeding with the description of 
the signal and lighting circuits 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 

several mechanisms de 

contact with the corresponding terminal 1 
so 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 

i? contact segments 26 or 27, no longer make 
contact with the particular brush 11 in their 
path so that the circuit through the con 
ductor 64 may be broken at the contact seg 
ment 12 when the latte 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 energency signal relays 85 and 
the regular signal relays 96. In the dia 
gram Fig. 3 two cars so equipped are shown 
and line wire couplings. 170 are conven 
tionally indicated as being located between 
the cars. It will be understood that any 
number of cars may be used. 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 
is coupled on one side to the dynamo lead 
39 and on the other side to the signal wire 
41 with the circuit 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 
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one-half of what they would be were the 
relays connected in multiple to a line of 
similar voltage. Of course the emergency 
relays are in multiple circuit between the 
dynamo lead 38 and the signal wire 40 and 
the regular relays are in multiple circuit 
between the other dynamo lead 39 and the 
signal wire 41, and these two combinations 
are placed in series by the end switch 172 
on the last car. It is of 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 

of the segment 12 has been moved out of vided with two shunt signal switches 178 
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and 174. These shunt switches are sect red 
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 
ductor, or by pulling the other cord the 
shunt switch for the regular relay may be 
pulled by the conductor. To further dif 
ferentiate these cords they may be located on 
spposite sides of the car. 
Suppose now that the conductor, desires 

to signal the motorman, he pulls the cord 
.5 which closes the regular shunt switch 17-i 

and whether this switch be on the first car 
or the last car or any intermediate ca', the 
signal wire 41 will be short circuited, this 
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shunting every signal relay 96 of the train 
so that its spring 97 will pull back the arma 
ture 95, (see Fig. 1), thus, establishing a 
local circuit 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. When the gongs 
cease because the conductor has released the 
cord, then the motorman may, if he wishes 
to also signal the conductor, close a small 
switch, say the switch 175, (see Fig. 1), 
within easy reach close to 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 controller 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 train 
the conductor may be in. Of course when 
signaling the emergency relays "are then 
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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 
a car has run of the track, and is dragging 
on the ties or some defect in the cars has de 
veloped which makes ii, 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 
18 and so suunt the emergency relays. 
This would shunt every emergency relay 
on the train, and this since the common 
return of the controller, is maintained 
closed by these 'elays, then such common 
eturn would be opened, more particularly 
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tion, that is, the front car. This will break 
the power circuit to all the electrically 
controlled nechanisms including the emer 
gency solenoids of the triples, and the 
prime mover would be uncoupled from the 
lar axles and the brakes would be applied 
under emergency conditions, and the train 
be brought to a standstill. At the same time 

and its arnature 78 will be retracted by the 
spring 79 until the contacts 80 and 81 are 
brought together, (see Fig. 1), thus estab 
lishing a shint around the emergency re 
lay solenoid. Even after the conductor re 
leases the rope controlling the switches 173 
the spring 79 of the series solenoid 77 main 
tains the shunt circuit closed. In this cir 
cuit is located the switch 93, (see "Fig. 1). 
inder these conditions the motorman will 
place his controller in the brake position of 
lap, 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 sole 
noid 77 which is then again energized to 
retract its armature, thus taking the shunt 
of the emergency relays on the signal cir 
cuit provided the conductor has already re 
leased the cord. The emergency relays then 

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

the solenoid 77 will be cut out of circuit 
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tornian 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 
tor would only stop the train for imperative 
reasons, possibly not known to the motor 
man, he would naturally-place the controller 
on lap until the reasons for the sudden 
emergency application 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 is distinctly different from the 
regular signal bell. For 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 

? energized by the removal of the 

ber of signals agreed upon. Now, the con 
dictor steps across the car and pulls the other rope, the regular signal rope being 
placed on the other side of the car to pre 
went the accidental pulling of one rope for 

| the other, a? might be the case werê they 
both located on one side of the car, and he 
answers the motormal's signal. 

65 in the car where the controller is in opéra- Suppose now that the train should break 

shunt, Switch and gives the requisite num- : 

100 

05 

10 

20 



1,022,324 

in two. In this case, since the end switch 
on the last car was the only switch closed, 
the circuits to both relays are broken and 
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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 is shut off 
and the brakes are applied. 
Should such a contingency as a train 

breaking in two occur on a train such as a . 
steam driven train, then the brakes are ap 
plied while the full driving force of the 
engine is still active, and while an engine 
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strain. 

man will at once cit 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 enormous strains. In the systen 
of the present invention a break in the train 
results in the application of the lora kes with 
the simultaneous automatic cutting of of 
the power from the car axles because of the 
action of the governor structure show 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 automatically. Also since the break 
ing in two of the trains will open the signal, s?8 f ? 

circuits because of the end switch being on 
the last car, it follows that the definergizing 
of the emergency solenoit 85 will act to 
unclutch the prime nover loy opening the 
controller circuit and hence power is shut 
off and the brakes are applied without 

Should, however, sonne 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. It, therefore appears 
that the action of the governor structure 
and the signal circuits are at all times pro 
tective. This is usually true of both, but 
should the wrong end switch be inadver 
tently closed then the main and sole reliance 
is 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 
tie break occurs on a hill and the retir end 
of the train is insufficiently braked, is en 
tirely avoided with the system of this ap 
plication since the natorman may place his 
controller on full release, and then close the 
end switch 171 at his end of the train, thus 
restoring the series connections which were 
broken when the train broken in two be 
cause of the closed end switch being on 

... the last car of the train. He may then close 

... the switch 93 until the emergency solenoid 
85 and series solenoid 77 have become ener 

85 gized, which is indicated by both bells ceas solenº biol 77. 

. 

ing to ring. The lorakes have then conne to 
release and he may keep ahead of the broken 
rear end of the train should there be dange' 
of a rear end collision. With the ordinary 
air system this procedure is impossible since 
the air will escape from the broken hose at 
the rear of the train and the brakes cannot 
be released. Moreover, the conductor on 
the real' end of the train, o' a train luan, 
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. 902,98?, the 
keys being in the possession of the neller's 
of the train crew, undel' 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 switch 93 until the bells 
crease ringing. Tle adjacent eind switch of 
course need not be closed since the end, switch of this part - of theº train iš already 
closed. Then on releasing the switch. 93, 
the trainman, like the motorian at the 
heal of the train, has the real' end of the 
train under perfect control. He may then 
release tle frakes at (liscietion. Under 
these conditions the two train sections 'lay 
be safely brought together and coupled up 
at roceed on their Way. 

It has already been stated that whenever 
the notorian for any reason releases the 
controller lever while the train is in run 
ning condition it causes the uncoupling of 
the lower from the axles and the applica 
tion of the energency dorakes. 'This is ibe 
cause the conductor (3-1 las its circuit broken 
ly the dropping of the contact. 12 out of 
connection with the terminal 1. This causes 
the leinergization of the series solenoid 
it ind the citting out of the energency 
signal relay's S5, with the consequent sound 
ing of their gongs throughout the train. 
.\ssuine now that the brakeman, or brake 
linen are not authorizel to stop the train by 
pulling the 'o' controlling the energency 
signal relays, except in instances of extreme 
dange', then the conductor may presume 
that the train is without engine control and 
acts accordingly. When the regular signal 
sounds, then the conductor knows that the 
motorman wishes to conminicate with him 
and when the energency bell sounds, then 
the train is without intelligent control from 
some reason or other, or possibly some other 
trainman is making an emergency, stop un 
der conditions of extr? me dilanger'. When 
both bells ring it indicates that the train 
is broken in two. 

It is to be observed that the 
noids and ragnets, and whenever magnets 
are indicated they may be replaced by sole 
indicts, are coupled up in multiple-circuit 
with the exception of the series controller 

IFor reasons which need not 
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be entered into here it is preferred to em- sired, and since it is calculated to work mag 
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ploy a constant potential dynamo of the di 
rect current type for the energization of 
the various electro-mechanical structures in 
cluded in the system. For this reason the 
solenoids or magnets are coupled up in mul 
tiple-circuit and series arrangements are 
avoided wherever possible. However, the 
series magnet or solenoid 77 must beso con 
structed as to operate as needed under ex 
treme variations in current. The current 
value in this solenoid will depend on the pro 
sition of the controller since there are dif 
ferent solenoids included in the circuit at 
different positions. Each one of these varia 
tions, is nultiplied by each additional car 
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and if in each car there are five variations 
due to the five controller positions, then on 
twenty cars there will be one hundred varia 
tions and on a hundred cars five hundred 
variations. 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 ann 
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 turns 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 
ler current necessary for the two cars will 
give the actual turns of winding. The re 
sistance of the winding may be calculated, 
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 
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mining the ratio, betwei the resistance of 
the series 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 until the proper values for the 

... respective devices have been determined. 
inder these conditions even when the series 
solenoid is energized by the weakest current. 
still it is able to perform the functions de 

netically at or near the saturation point, in 
creased ampere turns due to increased citur 
rent will have practically no effect since the 
slightly greater magnetism, if kept within 
bounds and the armature is prevented from 
contact with solenoid core to avoid sticking, 
will be ineffective. To a void - any det rimen 
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 
ten the area of the winding of the solenoid 
77 will be sufficient 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 
precialole 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 current difference in the winding of the 
series solenoid 77 they will produce much 
less effect magnetically because of the small 
magnetic core. The solenoids are all small 
since little air is needed for the opening and 
closing of the various air valves of the air 
brake system, and consequently the energy 
passing through the controller will never be 
large, aithough considering the low poten 
tial, say twenty-five volts, the current may 
be fairly large. Should, under some con 
ditions, it be found that such a low voltage 
necessitates too heavy a controller construc 
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 true 
of the circuit-breaking relay 176 shown in 
Fig. 2 in connection with the speedchang 
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 (39 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 carried by the arnature S() of the 
relay magnet or Solenoid 176. In the path 
of the contact 179 is another contact 1S1 
connected by a conductor 182 to the dynamo 
lead 38. The armature 80 is under the con 
trol of a spring 183 in opposition to the pull 
of the magnet, and this almature is con 
nected by a conductor 1 S-4 to one side of 
the coil of the magnet or solenoid 176, the 
other side of which is connected by a con 
ductor 185 to the train wire 44, which in 
turn is connected to te solenoid 122 of the 
speed-changing gear SW'ch 125. The spring 
1S3 tends to maintain the armature S() 
with the contact 19 against the contact 
178. This connects the segments 19 of both 
controllers to the speed-down side of the 
switch. 125 of the speed-changing gear. As 
has been already stated, should the notor 
man shut off power while at high speed, the 
rotary switch 125 will remail in tine ligh 
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 inerely 
to reduce speed under normal conditions. 
Now, should the motorman start 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 current passes 
through the relay 176 and this connects the 
low speed side of the rotary switch 125 to 
the same side of the circt it that the coli 
tact 15 or 16 would connect it. inder these 
conditions the magnet or solenoid 175 re 
mains in series with the rotary switch-' () - 
trolling solenoid 122 and ultimate?y tle 
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 
fore said Patet No. 901,980. Tle rotary 

switch 125 is so arranged that when the 
clutch circuit is closed the speed-changing 
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gear is still on the first or lowest speed po 
sition with the low speed circuit ope) anel 
the car may run on such speed indefinitely. 
If the motorman places his controller in po 
sition to cause the switch 125 to move to 
ward the speed-raising position, then jilst 
prévios to its going to the second speel 
the rotary switch will close the lowering. 

60 speed circuit. The solenoid or magnet. It 
?ay 
all of the lowering speed solenoids, or a 
long train. This is of no consequence since 

65 
just previous to the breaking of the circuit 
between the terminals l'8 and 17) the cir 

not receive enogll current to operate : 

8 

cuit is completed from the dynamo lead 38 
through the terminal 181. To prevent short 
circuiting on account of the low resistance 
of Solei) i? 176, a resistance unit 186 is in 
clude il ti :: ? ) Inductor 177. 
No i atter at Wat speed the car or train 

l:la \" lº travelingº the controller, if placect 
at (ill position, will through the solenoid 
16 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 their 12) then momentarily 
l'aks the circuit, thus definergizing the 
sole oil 176. this break occurring only when 
tile (W S1) eed position) has been reached. 

It is to be especially noted that the closing 
of the contact terminals 179 and 181 is ef. 
fected just previous to the opening of the 
contact let ween the terminals 178 and 179, 
So th:et te continuity of the circuit is pre 
s('rv'(l, sin(' ') therwise the spring 1S:} would 
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produce a villating of the airmatiure 180 and 
thus prevent the proper operation of the 
s(lenoil 17. When the branch 182 has 
been included in the circuit, then suficient 
current will ?low for energizing the solenoid 
122. To prevent indue heating, resistance, 
(t". tle wincling of the solenoid 176 m ust 
be sich as to carry the maximum current for 
t lue ni unu! :( iº (of solenoirls 1922 which will be 
in 'littled in the circuit when the maximum 
Ille” ()f ca's are included in the train. 

What has been stated with respect to the 
winding of solenoid 77 will apply to the 
wilting of the solenoid 176. 

II practice, the soleiloid 176 with the at 
te lat parts, may be usedl in the ballistic 
for ini. which may be attained by a small 
glyceri dash-pot or any other suitable 
laping device. Since such devices are 
coercially available it is not deemed nec 
essary to illist rate them. The disadvan 
tages of a series solenoid as hereinbefore. 
(). It line will hardly apply as strongly to 
the soletoid 17 since the work demanded 
of it is cornia and lasts bint for an instant. . 
When the cont l'oller actuates the solenoid 
176 tle ("I'rent passing through it into the 
solen il . || 2:2 nin(': each car will in i most 
“ases per tº be o sa i to actate the several 
solen (bids 22, ) it as before stated, when 
the l'anel 182 is included, then the current 
is si ?licient. 

Since the contact segment 20 is in circuit 
with the coltictor 70 except in the emer 
ye (y position of the brukes, then the sole 
joid or magnet 109, which is in circuit, 
with this clorid ('ti' is constantly emergized. 
When. lowe ver. the controller is put in tle 
tier (incy position this magnet 109 is de 

energizi'i al - Holler circuit is established 
through the agilet or solenoid 114 which, 
through a siitalle liechanism not slown, 
is made () operate suitable sand valves so 
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that sand could be deposited upon the track 
when the energency brakes are applied. Of 
course these sand valve magnets. 114 may 
be operated directly by the controller, but 
with long trains this would mean an un-. 
necessarily heavy controller segment and a 
useless consumption of curret. With () } 
or two car trains some of the relay's need 
not be used at all but are advisable in long 
trains and are to be used upon any cal' which 
is intended to be used in long trails. Of 
course for city street ca's 'elays and Juany 
other parts of the equipment designed inore 
particularly for long trails for stburial or 
interstate traffic can be dispensed with but 
when the cars are used for freight ()' pas 
senger traffic in regular trains the relas's 
and other parts are needed. 

In the case of trailers when used, and 
there is no hose connection between the car's, 
then such trailers are provided with air 
pump and brake equipments and such other 
parts as may be necessary, hit in the case of 
trailers the engine and dynamo are (oiliitted. 
The air pump in such case if present on the 
trailer is operated fruin the car axles through 
suitable machinery or otherwise. 

Located within easy l’each of the moto'- 
man is a switch 186 connected or one side 
by a conductor 187 to the dynamo lead 38. 
and on the other side to the train conductor 
50 which in turn is connected by another 
conductor 188 to a solenoid 189 constructed 
to operate an air whistle or a whistle re ceiving the exhaust impulses of the engine. 
This solenoid 189 is connected by a conduc 
tor 190 to the other dynamo main 39. The. 
switches 186 with their connections are lo 
cated at each end of the car, while the coin 
ductor 50) may be connected at an inter 
mediate point, by another conductor 191 to 
the dynamo main 38 through a suitable 
switch 192, and this switch 192, is located 
within easy reach of the conductor ol' train 
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man other than the moto'nan. Should the 
motorinan desire to warn persons of the ap 
proach of the train by means of the whistle 
he has but to close the switch 186. Should 
the train break in two then the signals may 
be exchanged between the notorman oil the 
front of the train 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 193, and such switcles 
asmay be necessary, and leads to lainpei 
cuits 194 in which may be included a 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) circuits in 
clude pilot lamps 196 under 
switches 197 and if needed an arc lamp 98 
of a train head light under the control of 
a switch 199. These pilot lights and arc 
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lights are duplicated on the two ends of 
each car. 
What is claimed is:- 
1. In a system of electric car control, elec 

t ric nens for opera ting a triple valve to 
the positions of service, lap, release, and 
energency, and a controller provided with 
('out act segments for eflecting the operations 
of release, lap, and service by the electric 
naeans and for maintaining the emergency 
electric controlling means active except in 
the position for the energency application 
of the brakes. 

2. In a system of electric car control, elec 
tric innea is for operating a triple valve to the 
position of fill release, slow 'elease, lap, 
service and energency, and a controller pro 
victed with circuit - controlling means for 
causing the several operations. 

3. in a system of electric control for cars, 
electric means for controlling a triple valve 
and including a normally closed circuit for 
preventing the emergency 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 electrically controlled 
means for operating the brakes and holding 
the energency side of the brake, operating 
means inoperative on closed circuit, the 
means for maintaining the connection be 
tween the prime mover and the car axles and 
the emergency side of the brake operating 
means causing the release of the car axles 
from the prime nover 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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electrically-controlled means for maintain 
ing the prime nover of 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 oil closed circuit, and a controller having means for maintaining such closed 
circuits during the normal running of the 
car and causing the break of said circuits 
under abnormal conditions. ' 

(5. In a system of electric control for cars, 
normally closed circuits for maintaining the 
emergency side of the brake mechanism out 
of action, said closed circuits extendin 
throughout the car or train of cars, an 
Irieans other tijan the controller of the caror 
train for breaking said circuits to cause the 
emergency application of the brakes. 

7. In a system of electric control for cars, 
Jormally closed electric circuits for main 
taining the emergency side of the brake 
mechanism out of action, electro-magnetic 
circuit closers included if said closed cir 
cuit, and electro-magnetie 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. 

18. In a system of electric car control, elec 
tro º magnetically operating means for the 
rarious 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 caraxles, and brake con 
trolling means, all being controlled by said 
electro magnetically operated means, the 
said coupling means and speed changing 
means being active on closed circuit and the 
emergency side of the brake operating 
mechanism being inactive on closed circuit. 

9. În 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 
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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 car control, a 
normally open electric circuit controlling the 
application of sand to the rails, a normally 
closed electric circuit holding the first named 
circuit open, and a brake controlling circuit 
rupturing the second circuit 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 in the presence of two witnesses. 

WILLIAM C, MAYO. 
Witnesses: 

H. C. BARSTow, 
K. P. INGERSON. 

  


