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To all, whon, it way concern: I tacts may be directly controlled from said 55 
Be it known that I, CHARLEs E. LORD, a master controlling-valve. 

citizen of the United States, residing at Cin- More specifically considered, my invention 
cinnati, county of Hamilton, State of Ohio, comprises one or more electric motors, a plu 

5 have invented certain new and useful Im-rality of pneumatically-actuated contacts 
provements in Train-Control Systems, of . 
which the following is a specification. 
My invention relates to systems of motor 

control, and more particularly to systems of 
train control in which a plurality of motors 
mounted upon the several cars of a train are 
controlled simultaneously from any desired 
point on the train. 

It has been heretofore customary in sys 
tems of train control to employ a plurality of 
separately-actuated contacts, either electric 
E. or pneumatically operated, and control 
the operating means through an electric con 
trol system having a great number of train 
wires connecting the several motor-control 
lers to the master controller or controllers. 
In operating electrical systems of train con 
trol one must either depend upon the current 
taken from the trolley or main source of sup 
ply or from an auxiliary source of supply car 
ried on the train for power to actuate the 
parts of the control system. When the main 
source of supply is depended upon, difficulty 
is sometimes experienced, due to momentary. 
interruptions of said supply, which tends to 
derange the control system. When an aux 
iliary source of Supply is depended upon, a 
bulky, expensive, inefficient, and unreliable 
storage battery or its equivalent must be em ployed. 
The objects of my invention are to simplify 

the systems of train control now in use, to re 
duce the number of connections between the 
cars of the train, to render the operation of 
the controller-contacts more positive, to pro 
duce an automatic acceleration of the motors 
by permitting an automatic progression of 
the controller-contacts, while at the same 
time retaining complete control from the 
master-controller of the extent and rate of 
said progression. To this end I employ a 
plurality of separately-actuated contacts 
with pneumatic operating means therefor 
and a master controlling-valve for control 
ling the admission of compressed fluid from a 
source of compressed-fluid supply to said op 
erating means to produce an automatic pro 
gressive operation, and means whereby the 
extent and rate of progression of said coll 

forming a motor-controller, said contacts be- 6o ing. adapted to operate successively in auto 
matic progression, a master controlling 
valve, a pneumatic actuating system, and a 
pneumatic maintaining system connecting. 
the master controlling-valve with the contact 
actuating means, whereby the rate and ex 
tent of the progression of the controller-con 
tacts may be controlled. 

In another aspect my invention comprises 
a plurality of separate pneumatically-actu 
ated contacts forming a motor-controller, 
means for Pig an automatic progres 
sion of said contacts, a master controlling 
valve, and means connected with said valve 
for checking the progression of said contacts 
without affecting the contacts already oper 
ated. s 

The invention further comprises details of 
- construction and combination of parts of the 
system which will be hereinafter described, 
and more clearly set forth in the appended 
claims. 

In the accompanying drawings, which illus 
trate preferred embodiments of my inven 
tion, Figure 1 represents diagrammatically 
sufficient of the equipment of a single car of 
a system of train control to illustrate my in 
vention, the pipe connections between the 
master-controller and the actuating means 
of the motor-controller contacts being illus 
trated by heavy lines, while the motor-circuit 
connections are illustrated by light lines, a 
series-parallel controller being shown. Fig. 
2 illustrates diagrammatically the system 
shown in Fig. 1, but on a larger scale and 
with the motor-circuit and motor-controller 
contacts omitted. Fig. 3 is a diagram similar 
to Fig. 2, illustrating a modified form of my 
invention employing three train-pipes in 
stead of four, as shown in Figs. 1 and 2. Fig. 
4 illustrates in outline a three-car train 
equipped with my invention. Fig. 5 is a sec 
tional elevation through the preferred form 
of my pneumatically-actuated controller 
contact, taken on the line 55, Fig. 8. Fig. 
6 is a rear view in elevation of my improved 
controller-contact, all piping connections be 
ing removed. Fig. 7 is a detail vertical sec 
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tion on the line 77, Fig. 6, showing the pre 
frt; e-l form of quick-acting exhaust-valve 
all fig. 8 is a rear elevation of part of the 
pneumatically-operated controller, showing 
the method of mounting a plurality of con 
tacts on the same Supporting-base. 

Referring now to Figs. I and 2, which illus 
trate the modification of my invention which 
employs four train-pipes 10, 11, 12, and 13, 
C indicates the motor-controller built up of a plurality of separate pneumatically-actu 
ated contacts 14 to 20, inclusive. RS repre 
sents a pneumatically - operated reversing 
switch, and M' and Mi” represent the motors 
to be controlled. The master controlling 
valves at each end of the car are represented 
by W and W. The series-parallel valve, the 
function and operation of which will be here 
inafter described, is shown at P. The source of supply of compressed fluid for operating 
the pneumatic control System may be any 
thing desired, though it is here shown as a 
motor-driven air-compressor A, which is di 
rectly connected with the storage-reservoir 
B, which in turn is directly connected to the 
SEE 21 leading to the master con trolling-valves V and V*. The invention as 

illustrated in these figures embodies two co 
operating control systems-namely, a pneu 
matic actuating System, and a pneumatic 
maintaining system. The reversing-switch 
and the separately-actuated contacts of the 
motor-controller are operated by compressed 
air admitted thereto through the actuating 
system and are held in their operative posi 
tions by compressed air admitted thereto 
through the maintaining system. 

Each contact of the motor-controller and 
its actuating means, as shown diagrammatic 
ally in Figs. and 2, embodies a cylinder 22, 
in which operates a piston. 23, connected, 
through the piston-rod 24, to the arm. 25, piv 

45 

oted at 26 and carrying at one end the weight 
27 and at the other end the bridging member 
28, insulated from the arn 25 at 29. This 
bridging member 28 is normally in the posi 
tion shown in Fig. 1; but when compressed 
air is admitted below piston 23 said member 
is moved downwardly to bridge the fixed con 
tacts 30. - 

The preferred construction of my im 
p'oved pneumatically-actuated contact will 
be hereinafter described with reference to. 
Figs. 5 to 8, inclusive. The compressed air 
is admitted to the cylinder 22 through a 
quick-acting admission and exhaust valve 31, 
contained within the valve-casing 32. When 
the piston 23 has moved into such a position 
that the contact controlled thereby is com 
pletely closed, a pneumatically-actuated 
valve 33, contained within the casing 34, is op 
erated to disconnect the actuating incans of 
the contact, which has just been closed, from 

65 
the pneumatic actuating system and connect 
said contact-actuating means to the pneu 

836,933, 

matic maintaining system, also to connect 
the actuating system to the actuating means 
of the contact next in advance, so as to pro 
duce an automatic progression of the con 
tacts of the controller. 
trols the series connection of the motors M 
and M?. The contacts 5 and 16 control the 
connections of said motors in parallel. The 
contacts 17 to 20, inclusive, colntrol the re 
sistances R', R”, and R° in the motor-circuit. 
The contact 20, in addition to controlling 8. 
short circuit around the resistances in the 
motor-circuit, prevents the operating of the 
series-parallel valve Pregardless of the posi 
tion of the master controling-valve until said 
contact 20 has been completely closed. 
The series-parallel valve, as shown in Fig. 

2, comprises the slide-valve 35 within the 
casing 36, normally maintained at the right 
end of said casing by means of the spring 37. 
This valve is provided with passage-ways 38 
and 39, W. are adapted to register with 
certain of the ports in said casing leading to 
pipes 40 to 47, inclusive. The pipes 48 and 
49 also lead from said casing. The functions 
of the various ports and passage-ways will be 
hereinafter stated in the description of the 
operation of this system. 
The reversing-switch RS comprises the 

customary cylindrical rotating member 50, 
carrying contact-segments engaging rela 
tively fixed contact-fingers. The member 
50 is rotated through the agency of the ever 
arm 51, to the ends of which are attached piston-rods connected with the pistons 52 
and 53, operating in the cylinders 54 and 55, 
respectively. The compressed air is admit 
ted to said cylinders 54 and 55 through the 
valves 31 and 33, which control the connec 
tions between said cylinders, and actuating 
and maintaining control systems in the same 
manner as the connections to the controller 
contacts are controlled. Each valve 33 is 
provided with passage-ways 33 and 33. 
One of the master controlling-valves is 

shown in development as a slide-valve in Fig. 
2 for the purpose of mote clearly illustrating 
the connections to and controlled by said 
valve. The plate 57 of said valve is pro 
vided with the passage-ways 58 and 59. 
which register with the ports 60 to 64, inclu 
sive, as the valve is moved from its off posi tion, iFig. 2, into its operative positions, (indi 
cated by the vertical dotted lines 1 1, 22, and 
33,) forward and reverse. - 
The operation of the system shown in Figs. 

The contact, 14 con 
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1 and 2 will now be described. If the master: 
controlling-valve is moved into the position 
forward, 1 is the ports 63 and 64 are brought into register with the passage-way 

58 and compressed air is admitted from the 
storage-reservoir 3 through the pipes 21 and 
i0 into the maintaining train-pipé0. Said 
train-pipe snd the connections of the prasu 
imatic naintaining system are thus charged 
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". . . . compressed air, but no part of the mo 
for-controller Cis operated. When the mas 
ter controlling-valve is moved into its series 
forward position, (indicated by 22,) the port 
61 registers with the passage-way 58, and com 
pressed air is admitted to train-pipe 12 of the peumatic actuating systen) through pipes 
21 and 12, the connections to maintaining 
system remaining unaffected. The com 
pressed air passes from the train-pipe 12 
through pipe 12, the passage-way 33 of valve 33 on reversing-switch cylinder 54, 
thence through the pipe 70 into the valve casing 32 on said cylinder, moving valve 31, 
contained therein, upward against the action. 
of spring 71 until the port 72 is uncovered. 
The compressed air then enters cylinder 54, 
forcing the piston 52, contained therein, up 
ward intil said piston uncovers the port 73. 

- 20 The reversing-switch 50 is thereby thrown into its forward position and the compressed 
air enters valve-casing 34, moving the valve 
33, contained therein, downward against the 
action of the spring 74. The passage-way 
33 is thereby moved into register with the 
ports leading to pipes 12 and 40 and out of 
register with the port leading to pipe 70. 
The pneumatic actuating system is thus cut 
off from the reversing-switch-actuating mech 
ailism and connected to pipes leading to the 
contact-operating means of the controller. 
Simultaneously with this movement the pas 
sage-way 33 in said valve is brought into 
register with port 70, leading to pipe 70. 

35 
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This passage-way maintains its register with 
pipe 10, connected with the maintaining 
train-pipe 10. Compressed air is then ad 
mitted from the maintaining system to the 
cylinder 54 to hold the reversing-switch in 
the position into which it has been moved by 
the compressed air from the actuating sys 
3. The Coimpressed air in the actuating sys 
tein flows through pipe 40, passage-way 39 
in the series-parallel valve, thence through 
pipe 4), passage-way 33*, formed in valve 33 
of series contact 14, thence through main 
iai) jig-pipe 75 into the valve-chamber 32, 
containing-valve 31 of contact 14, thence to 
cylinder 22 of said contact, forcing the actu 
aving-pisi.On 23, contained therein, upward to 
close the moor-circuit at the fixed contacts 
30. After said series, contaci has been 
closed the compressed air enters the valve 
casing 34 of said contact through port 73 and 
nioves the valve 33 so as to bring the port, 33 
into register with the pipe 76 and out of regis ter with the pipe 75, thus connecting the 
operating means of the first resistance-con tact with the pneumatic actuating sys 
ten and disconnecting the operating means 
of contact 14 from said actuating system. 
The downward movement of the valve 33 of 

22 of contact 14, and the maintaining train 
ipe 0 through pipe 43, passage-way 38. in 

series-parallel valve, and pipe 44. 
The compressed air having been admitted 

to the pipe 76 of the actuating system flows 
is finaintained normally open by the spring 77 
and is closed when an excessive current flows 
through the motor-circuit by means of the 
coil 78, connected in the motor-circuit. The compressed air then enters the actuating 
cylinder of the first resistance-contact 17, as 
before described with reference to series 
contact 14, and operates the valve 33 of con 
tact 17 to connect the actuating system to the 
pipe 79, leading, as shown in Fig. 1, to the sec 
ond resistance-contact 18. As shown in Fig. 
2, this pipe 79 leads directly to the last resist 
ance-contact 20, the intermediate resistance 
contact being omitted to simplify the dia 
gram of connections. The contact 18 and 
other resistance-controlling contacts will op 
3rate in automatic progression, each con tact, as it operates, disconnecting its operat 
ing means from the pneumatic actuating sys 
maintaining System and also connecting the 
vance to the actuating system. 

If the automatic progression of the con 
tacts becomes so rapid that an undesirable ac 
celeration of the motors is produced or if for 
any other reason it is desired to check said au 
tomatic progression, the master controlling 
valve may be moved back into its first opera 
tive position, (indicated by 11,) so as to cut 
the supply of compressed air from the actu 
ating system without disconnecting said sup 
ply from the maintaining system. It will 
thus be seen that the acceleration of the mo 
tors or progression of the contacts may be 
arrested at any desired point for any desired 
length of time without affecting the contacts 
already operated or the position of the re 
versing-switch. 
The throttle-valve Hoperates to arrest the flow of compressed air in the actuating sys 

team whenever the current in the motor-cir 
cuit rises above a predetermined value due 
to a too rapid acceleration or from any other 
cause. The operation of this valve checks the progression of the resistance-controlling 
contacts until the current falls below a defi 
nite value without affecting the contacts al 
ready operated. 
With respect to the motor-circuits when 

the master controlling-valve is first moved 
into its second operative position the re 

: versing-switch, the series contact 14, and the 
first resistance-controlling contact 17 will be 
closed and an electric circuit completed 

I through the motors connected in series as 
contact 14 also causes the passage-way 33" | follows: from the trolley T, through contact 

65 to connect the pipes 44 and 75, thus estab- 17, resistence', reversing-switch RS, arma 

is 

lishing communication between the cylinder. 

tem and connecting it to the pneumatic 

through the throttle-valve H. This valve 

75 

9 O 

operating means of the contact next in ad 95 

OO 

IOS . 

I Io 

15 

: 20 

E 25 



O 

train-pipe 11 through pipe 11, passage-way 

port communicates with pipe 43, which is 
35 
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within the cylinders 22 to 
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4. 

maintaining system. During the forward 

quick-aeting exhaust-valve chamber 32, al 

ture of motor M", reversing-switch RS, coil 
78 of the throttle-valve H, field of motor M", 
series contact 14, reversing-switch, armature 
of motor M, reversing-switch, field of motor 
M, to ground at G. As the automatic pro 
gression of the resistance-controlling con 
tacts continues the resistances R* and R* are 
successively thrown in parallel with resist 
ance R.' to reduce the resistance of motor 
circuit. When the contact 20 is operated, 
the resistance is short-circuited and the mo 
tors are connected directly in series. 
By referring to Fig. 2 it will be seen that 

the valve 33 of contact 20 is provided with an 
auxiliary passage-way 85, which is adapted to 
register with ports leading to pipes 11, con 
nected with train-pipei1, and pipe 4S, con 
nected with series-parallel valve P. So long 
as there is no pressure in the parallel train 
pipe 11 the progression of the contacts will 
automatically check itself when the final 
series position is reached; but if the master 
controlling-valve is moved into its parallel 
position (indicated by 33) the parallel train 
pipe is charged with air from B through the 
ort 64, passageway 58, port 60, and pipei 1". 
he compressed air then passes from the 

85 in valve 33 of contact 20, through pipe 48 
into the casing of the series-parallel valve, 
moving said valve to the left against the ac 
tion of the spring 37 until the right-hand end 
of said valve uncovers the port 49. This 
connected with maintaining train-pipe 10, 
and the valve is thus held in its operated 
position by means of compressed air from the 
movement of the series-parallel valve the 
port 40 is cut off from communication with 
the pipe 41, thus depriving the contact-oper 
ating means of compressed air from the actu 
ating system. The pipe 41, leading to series 
contact 14, is then exhausted of the air con 
taired therein through the exhaust pipe 42 
and passage-way 39 in said valve. This ex-. 
hausts all the pipes of the actuating system 
connected with the contact-operating means. 
Also during said forward movement the 
maintaining train-pipe is cut off from that 
part of the maintaining system connected 
with contact-operating means, the passage 
way 38 moving out of register with pipe 43 
and into register with the exhaust-pipe 45 to 
exhaust the air through pipe 44 from that 
part of the maintaining system connected 
with the operating means. uring this op 
eration the air is first exhausted from the 

lowing the valve 31 therein to permit the air 
e exhausted 

through the ports 86 and 87. As the piston 
23 moves downwardly the port 73 is opened 
to the atmosphere and the valve 33 returns to . 
its initiei positio: inder the setion is: rig , 

system. 
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74. Thus all the parts of the contact-oper 
ating means assume their initial position. It 
will be noticed, however, that the position of 
the reversing-switch is unaffected. A fur 
ther forward movement of the series-parallel valve brings the passage-way 39 into register 
with pipes 43 and 44, thereby reëstablishing 
the maintaining system connections. At the 
same time the passage-way 38 registers with 
pipes 46 and 47 and the parallel train-pipe. 11 
is then connected to the parallel actuating 
the compressed air flows from train-pipe 11 
through pipe 47, passage-Way 3S, pipe 46, 
through the valve 33 of parallel contacts i5 
and 6 in multiple, through pipe SS into 
valve-chambers 32 of said contacts 15 and 16, 
and from thence into the cylinders 22 of Said 
contacts. The parallel contacts are tills 
closed and the valves 33 of these contacts are 
then operated to conject the pipe 46 to the 
pipe 76 and disconnect said pipe 46 of the 
actuating system from the parallel-contact 
operating means and connect said means to 
the pipe 44 of the maintaining system. The 
compressed air then passes through the pipe 
76 and throttle-valve H to operate the re 
sistance-controlling contacts 17 to 20, inclu 

7 to 

When this connectionis established, 

sive, in automatic progression, as has been 
hereinbefore described. 
The motor-circuit corresponding with the 

first parallel position of the controller with 
the contacts 15, 16, and 17 closed may be 
traced on Fig. 1 as follows: from trolley T through contact 17, resistance R, reversing 
switch, armature of motor Mi", reversing 
switch, coil 78, field of motor M', contact, 16 
to ground at G, also branching at the point 
120 through contact 15, reversing-switch, 
armature of motor M, reversing-switch, 
field of motor M to ground at G. As the con 
troller-contacts 18, 19, and 20 successively 
operate the resistance of the motor-circuit is 
reduced until the motors are connected in 
multiple directly across the line. 

In order to prevent the simultaneous op 
eration of the series and parallel contacts 14, 
15, and 16, have employed a pneumatic in 
terlock between said contacts, end to this 
end I provide the quick-acting exhaust-valve 
of Said contacts with an auxiliary passage 
way 90, which when the valve 31 is operated 
to admit air from the pipe 88 or 75 into the 
cylinders 22 connects the other of said pipes 
88 and 75 to atinosphere through port 91. 
Thus it will be seen that if the series contact 
14 is operated by compressed air in the pipe 
75 and it is attempted to operate contacts 15 
and 16 by admitting air to the pipe 88 the 
said pipe 88 will be exhausted to atmosphere 
through the port 91 and passage-way 90 of 
the quick-acting exhaust-valve of contact 14 
and the contacts 15 and 16 will not operate, 

in the modification illustrated in Fig. 3 
have reduced the number of &isin-pipeg in 
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tne pneumatic controi System from four to 
three, said pipes being indicated by 10, 12, 
and 13, the parallel train-pipe 11, E. 2, be 
ing omitted. The series and parallel con 
nections in forward and reverse direction of 
movement are controlled through the train 
pipes 12 and 13 in a manner which will now 
be described. To obtain series forward, com pressed air is admitted to one train-pipe. To 
obtain series reverse, the compressed air is 
admitted to the other train-pipe. To obtain 

25 
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parallel, the compressed air is admitted to 
both train-pipes 12 and 13, the train-pipe to 
which the compressed air is first admitted de 
termining the position of thereversing-switch, 
and hence the cirection of movement of the 
car or train. The actuating and maintain 
ing systems operate substantially the same 
as before described to produce automatic 
progression of the contacts of the motor-con 
E. after the reversing-switch has been 
operated. The main difference between the 
system before described and the system 
shown in Fig. 3 lies in the connections to the reversing-switch-actuating means and the 
series-parallel switch P. In the operation of 
this niodification when the master control 
ling-valve V is moved into the first forward 
Rii (indicated by the vertical dotted inel 1) the compressei air is admitted from 
the source of supply B through the pipe 21, 
port 64, passage-way 58 in the valve-seat, 
port. 63, train-pipe 10, thence into the main taining system of pipe connections through 
pipes 43 and 10°. Then the valve Wis moved 
into its series-forward position, (indicated by 
22,) and the compressed air is admitted to the 
pipe 61 through the passage-way 58, thereby 
charging the train-pipe 12, pressure being 
i;neanwhile maintaine in the train-pipe 10. 
The compresse'; air then flows through pipe 
12, passage-way 33 in valve 33 on cylinder 
34 through pipe 12, port 33° of valve 33 in 
cylinder 55, R into the latter inder 
through valve 31, forcing the piston 53 into 
tli: p.}sition shown in Fig. 3, thence into 
valve-chamber 34, forcing the valve 33 on cylinder 55 downward until the passage-way 
33 registers with the port leading to main 
taining-pipe 10°. The actuating system is 
thus cut off from the cylinder 55, but is at 
the same time connected to the operating 
means for the series contact 14 through pipe 
12, port. 33 in valve 33 of cylinier 55, pipe 
40, passage-way 39 in the series-parallel valve, 
pipe 4 to the controlling-valves for contact 
14. The automatic progressive operation 
of the controller - contacts then proceeds 
through the series positions, as before de 
scribe, until the contact 20 has operated. 
This progressive action, as before described, 
may be checked by the operation of the 
throttle-valve H or by a movement of the 
laster controlling-valve into its first posi tion. 

When it is desired to proceed into the par 
allel positions, the valve W' is moved into the 
pressed air to the train-pipe 13 through the 
passageway 58, port 62, and pipe 3", pres 
sure being meanwhile maintained in train-, pipes 10 and 12. 
flows through pipe 13, passage-way 33 of 
valve is in its lowest position through the 
tact 20, through pipe 48 into the easing of Se 
ries-parallel valve. The latter valve is then 
operated, as before described, to disconnect 
the actuating means of the controller-con 
tacts from the actuating system, then to ex 
haust that part of the maintaining system 
leading to said contacts to permit them to as 
lish the connections to the maintaining sys 
tem and connect the parallel contacts to the 
actuating E". the latter connection be ing made from pipe 47 through pipe 47, passage-way 38 in the series-parallel valve, 
through pipe 46 to the valves controlling the 
actuating means of the parallel-eontacts 15 
and 16. . . 

It will be noted that when the compressed 
air is admitted to the pipe 13 from train 
pipe 13there is no tendency for the reversing 
switch to be thrown into its reversed position, 
since the compressed air cannot pass from 
pipe 13b through the port 33 of valve 33 on 
cylinder 55 because said passage - way is 
moyed out of register with the pipe 13 when 
said valve 33 is in its lower position. How 

The compressed air then 

sume their initial position, then to reëstab-. 

position indicated by 33. This admits com 

valve 33 on cylinder 55, thence since the 
75 pipe 47, passage-way 85 in valve 33 of con 

go 
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ever, when the master controlling-valve V 
is moved into its series-reverse 
dicated by 22) the compressed air is ad 
mitted to train-pipe 13 while there is no 
pressure in the train-pipe 12. The com 
pressed air then flows Eigh pipe 13, pas 
sage 33 in valve 33 on cylinder 55, through 
pipe 13, passage 33° in valve 33 of cylinder 
54, thence into said cylinder through velve 
31, then by operating the reversing-switch 

position (in 

g 

into reversed position and moving valve 33 
on cylinder 54 into its downward position. 
The movement of this latter valve makes 

taining systems and series-parallel valve simi 

valve 33 on cylinder 55. These connections 
may be readily traced on the diagram. 

Referring now to the construction of my 
preferred form of pneumatically-actuated 
controller-contact, (illustrated in Figs. 5 to 8, inclusive,) the cylinder containing actuating 
piston 23 is indicated, as before, by 22. Said 
piston is maintained normally in a raised po 

isition against the stop-ring 22 by means of 
trical contact or switch normally open. This 
cylinder 22 is fastened to the under side of a 

; supporting-plate 96 by means of bolts 97, a 

pipe connections to the actuating and main 

the spring 97, thereby maintaining the elec 

II.5 

lar to those just described with reference to 
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stri; of compressible I haterial 95 being-placed 101 and open the switch with a saag action. 
between the upper cdge of cylinder 22 and 
the iower face of plate 96. These cylinders 
may be fastened to separate supporting 
plates or a large number may be suspended 
from a single plate in the manner sinown in 
Fig. 8. The valve-casings 32 and 34 are 
preferably formed integral with cylinder 22 
in the manner shown in Figs. 5, 6, and 7. 

Io The casing 34 contains the valve 33, the 
functions and operation of which have been 
described in detail. The waive-casing 32 
contains the quick-acting exhaust-valve 31, 
which eperates to connect, the cylinders 22 

15 to aimosphere when the pressure in the Sup 
ply-pipe 75 falls below a predetermined 
value. The bracket 93, formed on the lower 
send of the cylinder 22, has pivoted thereon 
at 83 the contact-arm i?i, which is cor 

20 hected with the piston-rod 24 by means of 
the spiring 100, attached to the arm 01 at 
i0 is aid to the red 24 at 24, thereby form 
ing a snap-switch action. To take up the 
strain of th 

ad 

The valve-ciraniber 34 is also exhausted to 
atinosphere through ports 73 and 73 and the 
valye 33 is returned to its initial position by 
spring 74. w 

modifications and changes in my inproved 
systein (if pneumatic control for motors and 
in the construction of the controller-contacts 
which do not involve a departure from the 
Spirit and 'scope of my invention. 
What i claim as aew, and desire to secure 

by Letters Patent of the United States, is 
i. In a system of motor control, a motor-con 

troller comprising a plurality of separately 
actuated contacts with pneumatic operating 
means therefor, a master controlling-valve 
for controlling the admission of connpressed 
fluid from a source of Supply to said operat 
tact-operating means for producing an all 
tomatic progressive operation of said oper 
atting means, and neans wheireby the extent 

the spring 100 on the rod 24 to and rate of progression of said contacts mily 
25 prevent said rod front sticking in its bearing, be directly controlled from said in aster ci)n- trolling-valve. i provide the link 99, pivotally connected to 

the end of rod 24 and to the bracket 98 at 
93. The contact, end of arm 101 engages 
the fixed contact, 102 within the arc-defector 

3o housing 103. A blow-out magnet the coil 
of which is indicated at 104 and one pole at 
104" in dotted lines in Fig. 5 is provided for 
the purpose of dissipating the arcs which 
tend to form at the contacts of the Switch. 

35 in the operation of this form of pneumat 
ically-actuated controller-contact the com 
pressed air entering the valve-casing 32 
forces the valve 31 downward against the 
action of its spring until the R 86 is uncov 
ered to admit the air into the upper part of 
cylinder 22. The piston 23 is then forced 
downward against the action of the spiring 97, thereby moving the lower end of the pis 
ton-rod 24 below, a point in a linement with 

45 pivots 98 and iOl", so that, the spring 100 
will exert a, downward pull on the left-hand 
end of arm 101 and move its right-hand end 
with a snap action into engagement with 
contact 102, thereby closing the Switch. 
During the downward movement of pisto 
23 the port 73, leading to valve-casing 34, 
is uncovered, so as to admit air to the upper 
end of valve 33, thereby operating said 
valves to make the connections to the pneu matic actuating and maintaining systems, as 
before described. 
When the pipe 75 is exhausted or the pres 

sure therein reduced below a predetermined 
value, the valve 31 is moved upwardly by its 
spring so as to connect the cylinder 22 di 
rectly to atmosphere through the port 88. 
This permits the pisto 23 to move upward 
under the isfiuence of spring 97, throwing ti 
spring 00 over dead-ce So 33 to 8Xect 

65 air upward pull on the i. 
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2. In a system of motor control, a motor 
controller comprising a plurality. of sepa 
rately-actuated contacts with pneumatic oi 
erating means therefor, a naster controlling 
valve 
pressed fluid from a source of supply to said 
operating means, ineans associaied with the 
contact-operating means for producing ail 
automatic progressive operation of said op 
erating means, and means for checking the 
automatic progression of said contacts from 
the master controlling-valve without affect 
iing the contacts already operated. 

3. In a system of motor control, a plural 
ity of pneumatically-actuated contacts form 
ing a motor-controller, means associated with the contact-operating means for producing 
an automatic progressive action of said con 
tacts, a master controlling-valve, and Ineas 
for checking the automatic progression with 
out affecting the contacts already operated, 
said means being controlled oy a movement 
of the master controlling-valve. 

4. In combination, a pirality of mofors. :) 
series-parallel motor-controller of the sep 
arately-actuated contact, type, means for 
producing an automatic progressive action 
of said contacts so arranged that the contacts 
are required to operste in a definite order, 
a pneumatically-operated reversing-switch, 
and a pneumatic control system including a 
master controiling-valve whereby series and 
parallel connections of the motors for for 
ward aid reverse directions of movement 
may be obtained and the automatic progres 
sion of the contacts checked without affect 
ing the contacts already operated, 

5. In coahbination, a plurality of motors, the separately-actuateti 
2. 

inotor-conti'oiler of 

aim in the appended claims to cover all 

ing means, ineans assofiated with the con 

for controlling the admission of com 
95 

I do 
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contact type, pneumatic operating means for 
the contacts thereof, arranged for attomatic progressive action, a pneumatically-operated 
reversing-switch, a master controlling-valve 
a pneumatic control system, connected to 
the master controlling-valve by three pipes, 

and meals for shifting the operating means 
of each contact as it operates from the actu 
ating to the maintaining system. 

12. In a system of motor control, a motor 
controller of the separately-actuated contact type, having pneumatic operating means for 

the whole being so constructed and arranged the contacts hereof, a pneumatic actuating 
that by a proper manipulation of the master 
controlling-valve series and parallelinforward 
and reversed direction may be obtained and 
the automatic progression of the contacts 
checked at any desired point without affect 
ing the contacts already operated. 

6. in a motor-controller of the separately actuated contact type, resistance-controlling 
contacts and series and parallel contacts, 
pneumatic operating means therefor, a pneu natic control system, including a series-par. 
allel valve, and meansfor preventing the oper 

2d afing of said series-parallel valve until the final resistance-controlling contact has oper 
ated. s 

7. in a motor-controiler of the separately 
actuated contact type, pneumatically-oper 
ated series and parallel contacts, pipes lead 
and means associated with the series contact 
forexhausting the pipesleading to the parallel 

35 
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contacts when the series 
and vice versa. 

8. in combination, one or more electric 
motors, a plurality of pneumatically-actuated 
contacts forming a motor-controller, means 
for producing an automatic progréssive op 
eration of said contacts, a master controlling 
valve, a pneumatic actuating system, and a pneumatic maintaining system connecting 
the master controlling-valve with the contact 
actuating means, whereby the rate and ex 
tent of the progression of the controller-con 
tacts may be controlled. - 

contact is operated 

9. In combination, a motor-controller of 
the separately-actuated contact type, pneu 
matic actuating means for the contacts there 
of, a pneumatic actuating system, and a pneu 
matic maintaining system, said actuating 
system being norinally connected to one or 
more of said contacts, and means for discon necting the contact-operating means from 
the actuating system and connecting it to 
the maintaining system as the contact op 
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erates. 
10. in a system of motor control, a motor 

controller of the separately-actuated con tact type, having pneumatic operating means 
for the contacts thereof, a pneumatic actuat ing system, a pneumatic maintaining system, 
and means for connecting the contact-operat 
ing means successively to the actuating and 
maintaining systems. 

11. In a system of motor control, a motor 
controllier of the separately-actuated contact type, having pneumatic operating neans for 
3. contacts thereof, a pneumatic actuating 
system, a pneumatic maintaining system, 

w i ing to the actuating means for said contacts, 

U.iii.3 

system, a pneumatic maintaining system, 
and means for shifting the operating ineans 
of each contact as it operates from the actill 
atting to, the maintaining system and for con 
necting the actuating means of the contact 
next, in advance to the actuating system. 

13. In a system of motor control, a motor 
controller of the separately-actuated contact type, having pneumatic operating means for 
the contacts thereof, a pneumatic actuating 
system, a pneumatic maintaining systein, 
and automatically-actuated valves for con 
necting the operating means of a contact to 
the actuating system and after said contact 
has operated disconnecting said operating 
means from the actuating systein and con 
necting it to the maintaining system. 

14. In a system of notor control, a motor controller of the separately-actuated contact type, having pneumatic operating means for 
the contacts thereof, a pneumatic-actuating system, a pneumatic maintaining system, 
and automatically-actuated valves for con 
necting the operating means of a contact to 
the actuating system and after said contact 
has operated disconnecting said operating 
means from the actuating system and con 
necting it to the maintaining system, and for 
connecting the actuating system to the next 
contact-operating aeans. - 

15. In a system of moto control, a notor 

75 
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controller of the separately-actuated contact type having pneumatic operating, means for 
the contacts thereof, a pneumatic actuating system, a pneumatic maintaining system, 
and means for connecting the operating 
means of the contacts to the actuating syst 
tem in a manner to produce an automatic 
progressive operation of said contacts and 
for disconnecting the operating means of 
each contact as it operates from the actuat 
ing system and for connecting it to tha main 
taining system. w 

16. In a systein of motor control, a motor 
controller of the separately-actuated contact type, having pneumatic oparating means for 

O 

the contacts thereof, a pneumatic actuating system, a pneumatic maintaining system, 
and means for connecting the contact-operat 
ing means successively to the actuating and 
maintaining systems, and means for render 
ing the actuating system inoperative to 
check the automatic progression of said con 
taets. 

i.7. In a system of motor control, a motor 
controller of the separately-actuated contact 
E. having pneumatic operating means for 
t, e contacts thereof, a pneumatic actuating 

2 5 

30 



& 

s 

O 

IS 

25 

System, a pneumatic maintaining system, 
means' for connecting the contact-operatin 
means successively to the actuating an 
maintaining systems, a throttle-valve in said 
actuating system, aid means for operating 
said throttle-valve to check the progression 
of said contacts when the current in the mo 
to:-circuit rises above a predetermined value. 

18. In a system of motor control, a motor 
controller of the separately-actuated contact 
E. having pneumatic operating means for 
the contacts thereof, a pneumatic actuating 
Systein, a pneumatic maintaining system, 
and means for connecting the contact-operat 
ing means Successively to the actuating and 
Elaintaining systems, and a master control ling-valve adapted to cut off the supply of 
compressed fluid to said actuating system to 
airest the progressive operation of said con 
tacts without affecting the maintaining sys 
tem. - 

19. In a motor-controller of the separately 
actuated contact type, resistance-controlling 
contacts, series and parallel contacts, a pneu 
matic system for actuating said contacts, and 
a pneumatic system for maintaining said 
contacts after they have been actuated. 

20. In a motor-controller of the separately 
actuated contact type, resistance-controllig 
contacts and series, and parallel contacts, 
pneumatic operating means for Said contacts, a pneumatic actuating system, a pneumatic 
maintaining system, and mes, is for rendering 
said actuating system in operative without 
affecting the maintaining system. 
2. in a motor-controller of the separately 

actitiated contact type, series, resistance 
controlling and parallel contacts, pneugmatic 
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operating means therefor, and an actuating 
system for said contacts including means 
controlled by the series and resistance con 
trolling contact operating means for render 
ing the actuating system operative with rela 
tion to the resistance controlling and parallel 
contacts, respectively. 

22. In a motor-controller of the separately 
actuated contact type, series, resistance con trolling and parallel contacts, pneumatic op 
erating means therefor, an actuating system 
and a maintaining system, and means con 
trolled by the operating means of a resist 
ance-controlling contact for rendering said actitiating and maintaining systems inoper 
ative as to said series and resistance control 
ling contacts but operative as to said parallel 
contacts. - 

23. In a motor-controllier of the separately 
actuated contact type, series and parallel 
contacts, pineumatic operating means there 
for, a source of compressed-fluid supply, an actuating system including independent con 
lections between said source of supply and, the respective prleumatic gperating means, 
&nd a maintaining system including a coim maintaining systems, and means controlled 

333,332. 

mon connection between the source of sup 
ply and the pneumatic operating means. 

24. In combination, a series-parallel mo 
to-controller of the separately-actuated con 
tact type, pneumatic operating means there 
for, a pneumatic actuating system, and an 
automatic valve controlled by the operating 
means of one of Said contacts for rendering 
said actuating system inoperative as to the 
series contacts and operative as to the par 
allef contacts. 

25. In combination, tor-controller of the separately-actuated con 
tact type, pneumatic operating means there 
for, a pneumatic actuating system, a main 
taining system, and an automatic valve for 
rendering said actuating and maintaining 
systems inoperative as to the series contacts 
and then Operative as to the parallel contacts. 

26. In a motor-controller of the separately 
actuated contact type, series, parallel and 
resistance controlling contacts, pneumatic 
operating means therefor, a pneumatic actu 
ating system, and an automatic valve con 
trolléd by the operating means of one of said 
contacts for rendering said system in oper 
ative as to the series and operative as to the 
parallel-contacts. 

27. In a motor-controller of the separately 
actuated contact type, series, parallel and 
resistance controlling contacts, pneumatic 
operating means therefor, an actuating sys 
ten) and a maintaining system, and an auto 
matic valve for rendering the actuating and 
maintaining systems indperative as to the 
series contacts and then operative as to the 
parallel contacts. 

a series-parallel mo 

o 
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23. In combination, a series-parallel con 
troller of the separately-actuated contact 
type, a reversing-switch, pneumatic operat 
ing means therefor, a pneumatic actuating 
system, means controlled by the reversing switch-operating, means for rendering said 
actuating system operative as to the series 
contacts, and an automatic valve controlled 
by the operating means of one of said con 
tacts for rendering said actuating system op 
erative as to the parallel contacts. 

29. In combination, a series-parallel con 
troller of the separately-actuated contact 
type, a reversing-switch, pneumatic operat 
ing means therefor, a pneumatic actuating 
system, means controlled by the operating 
means for the reversing-switch for rendering 
the actuating system operative as to the se 
ries contacts, and an automatic valve for rendering said actuating system inoperative 
as to the series contacts and operative as to 
the parallel contacts. 

30. In combination, a series-parallel con 
troller of the separately-actuated contact 
type, a reversing-switch, pneumatic operati 
ing means therefor, pneumatic actuating and 

OR 
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by the operating means of the reversing- that the progressive action of the contacts' Switch for rendering said systems operative 
as to the series contacts. 

31. In combination, a series-parallel con 
troller of the separately-actuated contact 
type, pneumatic operating means therefor, 
pneumatic actuating and maintaining sys 
tems, means controlled by the operating means of the reversing-switch for rendering 
said systems operative as to the series con 
tacts, and an automatic valve for rendering 
said systems operative as to the parallel con 
tacts. . r : . 

32. In combination, a series-parallel con 
troller of the separately-actuated contact type, a reversing-switch, pneumatic operat 
ing means, pneumatic actuating and main 
taining systems, means controlled by said re 
Versing-switch-operating means for render 
ing said systems operative as to the series 
contacts, and an automatic valve for render 
ing said systems inoperative as to the series. 
contacts and operative as to the parallel con tacts. . 

33. In a system of train control, each of a 
plurality of cars living a motor-controller 

of separately-actuated 
pneumatic operating means 

therefor and means for producing an auto matic progressive operation of said operating 
means, and a pneumatic train system includ 
ing a master-valve and means whereby the 
extent and rate of progression of said con 
tacts may be directly controlled from said 
master-valve. . . 

34. In a system of train control, each of a 
plurality of cars having a motor-controller comprising a plurality of separately-actuated 
contacts with pneumatic operating means 
therefor, and means for producing an auto 
matic progression of said operating means, 
train-pipes, and a master-valve for connect ing said train-pipes to a source of compressed 
fluid supply, the arrangement of parts being 
such that the rate and extent of automatic 
progression of said contacts may be con 
trolled directly from said master-valve. 

35. In a system of train control, each of a 
itv. aving a motor-controller plurality of cars having a mot troll 

comprising separately actuated contacts with penumatic operating means therefor 
and means for producing an automatic pro 
gression of said operating means, and a pneu 
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matic train system including a master-valve 
and means whereby the rate and extent of 
progression of said contacts may be con 
trofiled directly from said master-valve with 
out affecting the contacts already operated. 

36. In a system of train control, each of a 
plurality of cars having a plurality of pneu 
matically-actuated contacts forming a mo 
tor-controller, means for producing an auto 
matic progressive action of said contacts, 
and a pneumatic train system including a 
master-valve, the arrangement being such 

9 

may be checked from the master-valve with out affecting the contacts already operated. 
37. In a system of train control, each of a 

plurality of cars having a motor-controller comprising separately-actuated resistance 
controlling and series and parallel contacts, 
pneumatic operating means therefor and 
means controlled by the last resistance-con tact for preventing the operation of the par 
allel contacts until after the closing of the 
last resistance - contact, train-pipes, and 
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means for connecting said train-pipes to a 
source of compressed-fluid supply. 

38. In a system of train control, each of a plurality of cars, having a plurality of pneu 
matically-actuated contacts forming a mo 
tor-controller, means for producing an auto-, 
matic progressive action of said contacts, a pneumatic actuating system and a pneu-. 
matic maintaining system, and a pneumatic. 
train system operatively related to said actu ating and maintaining systems. 
plurality of cars having a plurality of pneu 39. In a system of train control, each of a 

go. matically-actuated contacts forming a mo 
tor-controller, means for producing an auto 
matic progressive operation of said contacts, 
a pneumatic actuating system and a pneu 
matic maintaining system, a pneumatic train 
system operatively related to said actuating and maintaining systems, said pneumatic 
train system including a master-valve and the 
arrangement of the parts being such that the 
rate and extent of progression of the contacts Ioo 
may be controlled directly from the master- V 
valve: . - . . . . 

40. In a system of train control, each of a plurality of cars having a plurality of pneu 
imatically-actuated contacts forming a mo Io5 tor-controller, a pneumatic actuating system .. 
and a pneumatic maintaining systein, and a 
pneumatic train system operatively related 
to said actuating and maintaining systells. 

41. In a system of train control, each of a 
plurality of cars having a motor-controller of the separately-actuated contact type, pneu 

rics 

matic actuating, means for the contacts thereof, a pneumatic maintaining system, said actuating system being normally con I L5. . . nected to one or more of said contacts, and means for disconnecting the contact-operat 
ing means from the actuating system and . connecting it to the maintaining system as . . 
the contact operates, trail-pipes operatively Izo 
related to said actuating and maintaining 
pipes with compressed fluid. 
42. In a system of train control, each of a 

plurality of cars having a motor-controller of 

ystems, and means for supplying said train 

the separately-actuated contact type, pneu 
matic operating means for the contacts there of, a pneumatic actuating system, a pneu 
connecting the contact-operating means suc 
matic maintaining systein, and means for 
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cessively to the actuating and maintaining 
systems, train-pipes operatively related to . 
Saig pneumatic actuating and maintaining 
systems, and means for Supplying said train 
pipes with compressed fluid. 

43. In a system of train control, each of a 
plurality of cars having a motor-controller of 
the separately-actuated contact type, pneu 
matic operating means for the contacts there 
of, a pneumatic actuating system, a pneu 
matic maintaining system, and means for 
shifting the operating means of each contact, 
as it operates froin the actuating to the 
maintaining systein, train-pipes operatively 
related to said actuating and maintaining 
systems, and a master-valve for connecting 
said train-pipes to a source of compressed 
fluid supply. - 

44. In a system of train control, each of a 
plurality of cars having a motor-controller of 
the separately-actilated contact type, pneu 
matic operating lineans for the contact there 
of, a pneuznatic actuating systeri, a plieu 
matic maintaining systein, and means for 
shifting the operating means of each contact 
as it operates fron the actuating to the main 
taining system and for connecting the actuat 
ing means of the next contact in advance to 
the actuating system, train-pipes connected 
to said actuating and Allaintaining systems, 
and a maste-valve for connecting said train 
pipes to a source of compressed-fluid supply. 

45. In a system of train control, each of a 
plurality of cars having a motor-controiler of 
the separately-actuated contact type, pneu 
matic operating means for the contacts there 
of, a pneumatic. actuating system, a pneu 
matic maintaining system, and an automatic 
actuating-valve for connecting the operating 
means of the contacts to the actuating sys 
tem and after said contact has operated, dis 
coinecting said operating means from the ac 
tuating means and connecting it to the main 
taining system, train-pipes connected to said 
actuating and maintaining systems, and 8, 
mister-valve for connecting said trail-pipe 
to a source of compressed-fluid supply. ^ 

46. A system of train E. each of 3, 
plurality of cars having a motor-controller of 
the separately-actuated contact type, pneu 
Inatic operating means for the contacts there 
of, a pneumatic actuating System, a pneu 
imatic maintaining systein, an automatic ac 
tuiting-valve for connecting the operating 
means of the contact to the actuating sys 
tem, and after said contact has operated dis connecting said operating means from the ac 
tuating system and connecting it to the 
maintaining system and for connecting the ac 
tuating system to the next contact-operating 
means, train-pipes connected to said actilat 
ing and maintaining systems, and a master 
valve for connecting said train-pipes to a 
Source of compiressed-fi lid sp;ply. 

systems, train-pipes connected to said actu 

47. In a syster) of train control, each of a 65 
plurality of cars having a motor-controller of 
the separately-actuated contact type, pneu 
matic operating means for the contacts there 
of, a pneumatic actuating system, a pne 
imatic maintaining system, and means for 
connecting the operating meais of the con 
tacts to the actuating system in a manner to 
produce an automatic progressive operation 
of said contacts and for disconnecting the 
operating means of each contact, as it oper 
8tes, from the actuating systern and for con 
necting it to the maintaining system, train 
pipes connected to said actuating and main 
taining systems, and a master-valve for ad 
mitting compressed fluid from the source of 
fluid-supply to said train-pipes. - 

48. In a system of train control, each of a 
plurality of cars having a motor-controller of 
the separately-actuated contact type, pine 
matic operating in eans for the contacts there 
of, a pneumatic actuating system, a pneu 
matic maintaining system; and means for 
connecting the contact-operating means suc 
cessively to the actuating and maintaining 
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ating and maintaining systems and a master 
valve for connecting said train-pipes to a 
source of compressed-fluid supply, the ar 
rangement being such that the actuating sys 
tems may be rendered in operative from the 
master-valve without affecting the maintain ing systerns. 

49. In combination, a plurality of pistons, 
contacts operated thereby, supply-pipes be 
tween successive pistons, valves adjacent the 
pistons for closing the Supply-pipes to suc 
ceeding pistons, and means for opening the 
valves upon the operation of the respective 
pistons. 

50. In combination, a contact, a piston 
for operating it, two supply-pipes operatively 
related to said piston, a pneumatically-ac 
tuated valve constructed and arranged to 
close one pipe when the other is opened, and 
means whereby compressed fluid is applied 
to said valve to move it to one position, and 
means for moving it to the other position. 

51. In combination, a piston or diaphragm, 
two supply-pipes operatively related thereto, 
a valve constructed and arranged to close 
either supply-pipe when the other is open, 
means for operating the valve to close one of 
the supply-pipes after the piston has been op 
erated to open the other pipe, whereby the 
piston is maintained in position by pressure 
supplied by the latter pipe. 

in witness whereof have hereunto set my 
hand this 27th day of September, 1904. 

CARLES E. LORD. 
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Witnesses: 
SANFOR ELINE 3ANFOR.) '...IN37, 
FRED J. Kii Six 
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