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To all whowm it may CONCErH:
Be it known that I, Cuarres E. Loz, a
citizen of the United States, residing at Cin-

cinnati, county of Hamilton, State of Ohio, |
have invented certain new and useful Im-
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
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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-
al]%r or pneumatically operated, and control
the operating means through an electric eon-
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 systems. 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, ineflicient, 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 motois

by permitting an automatic progression of
yp g progr 1

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 & 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 con-

tacts may be directly controlled from said
master controlling-valve. SR
More specifically considered, my invention

‘comprises one or more electric motors, a plu-

rality of pneumatically-actuated contacts
forming a motor-controller, said contacts be-
ing. adapted to operate successively in auto-
matic progression, & master controlling-
valve, & pneumatic actuating system, and
pneumatic maintaining system connecting
themaster controlling-valve with the contact~
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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,
nieans for producing an automatic progres-
sion of said contacts, a master controlling-
valve, and means connected with said valve
for checking the progression of said contacts

7o

75

without affecting the contacts already oper-

ated. _ .
The invention further comprises details of

-eonstruction 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
& 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-cireuit
connections are illustrated by light lines, o
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. 3is 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. Tig.
4 illustrates in outline a three-car tram
equipped with my invention. Fig. 5is'a sec-
tional elevation through the preferred form
of ‘my pneumaticallv-actuated controller-
contact, taken on the line 5 5, 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-
g \ ' .
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- through the piston-rod 24, to the arm 25, piv-
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tion on the line 7 7, Fig. 6, showing the pre-
feryod form of quick-acting exhaust-valve
and ifig. 8 is a rear elevation of part of the
pneumatically -operated controller, showing
the method of mounting a plurality of don-
tacts on the same supporting-base.

Referring now to Figs. 1 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
& plurality of separate pneumatically-actu-
ated contacts 14 to 20, inclusive. RS repre-
sents a’pneumatically - operated reversing-
switch, and M’ and M?® represent the motors
to be controlled. The master controlling-
valves at each end of the car are represented
by V7 and V2 The séries-parallel valve, the
futiction and operation of which will be here-
inafter deseribed, 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-

‘reéctly comnected with the storage-reservoir

B, which in turn is directly connected to the
su'p%)ly—pipe 21, leading to the master con-
trolling-valves V/ and V2. The invention as
illustrated in these figures embodies two co-
opérating control systems—namely, a pneu-
matic actuating system, and a pncumatic
maintaining system. The reversing-switch
and the separately-actuated contacts of the
motor-controller are operated by compressed
alr admitted thereto through the actuating
system. and are held in their operative posi-
tions by compressed air admitted thoreto
through the maintaining svsten.

Each contact of the motor-controller and
its actuating mneans, as shown diagrammatic-
ally in Figs. 1 and 2, embodies a cylinder 22,
in which operates a piston 23, connected,
oted at 26 and carrying at one end the weight
27 and at the other end the bridging member
28, insulated from the armn 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
ismoved downwardly to bridge the fixed con-
tacts 30.

The preferred construction of my im-
proved pneumatically-actuated contact will

be heremalter 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 means of

~ the contact, which has just been elosed, from

65

the pneumatic actuating systent and counect
said contact-acturting means to the nasu-

'
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matic maintaining system, also to connect
the actuating system to the actusting means
of the contact next in advance, so as {0 pro-
duce an automatic progression of the con-
tacts of the controller. The contact 14 con-
trols the series connection of the motors M’
and M?.  The contacts 15 and 16 control the
connections of said motors in parallel. The
contacts 17 to 20, inclusive, control the re-
sistances R/, R* and R? in the motor-circuit.
The contact 20, in addition to controlling a
short circuit around the resistances in the
motor-circuit, prevents the operating of the
series-parallel valve P regardless of the posi-
tion of the master contmﬁing—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, whicﬁ 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
ustomary eylindrical rotating member 50,
carrying contact-segments engaging rela-
tively fixed contact-fingers. The member
50 is rotated through the agency of the lever-
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 330,

One of the master controlling-valves is
shown in development as a slide-valve in ¥ig.
2 Tor the purpose of more 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 poris 60 ¢0 64, inchu-
sive, as the valve is moved from its off posi-
tion, Fig. 2, intoits operative positions, (indi-
cated by the vertical dotted lines 11,22, and
3 3,) forward and reverse. _

The operation of the system shown in Figs.

g0
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1 and 2 will now be described. If the mastsr

controlling-valve is moved into the positicn
“forward,” 1 1, the ports 83 and 64 are
brought into register with $he passege-way
58 and compressed sir is sdmitted from. the
storage-reservoir B through the pipes 21 and
10® into the mainteining train-pips 10. Said
train-pips and the connections of the prisu-
matic meinteining system are thus chasgad
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© forcing the piston 52, cont

- 20

538,081

, no part of the mo-
tor-controller Cis operated.  When the mas-
ser controliing-valve is moved into its series
forward position, ( indicated by 2 2,) the port
61 registers with the passage-way 58, and com-

1 air is admitted to train-pipe 12 of the

EORE
N 3

compressed air, but

pressed al
prewmatic
91 and 12¢, the connections to mamntaming
systermn remaining unaflected. The  com-
pressed air passes from the train-pipe 12
through pipe 12°, the passage-way 33* of
valve 33 on. veversing-switch cylinder ‘54,
thence through the pipe 70 into the valve-
casing 32 on said eylinder, 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,
ained therein, up-
ward until said piston uncovers the port 73.
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

1
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register with port

getion of the spring 74.
o

, , The passage-way
232 ig thereby moved

into register with the
sorts leading to pipes 127 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-
aniern and connected to pipes leading to the
contact-operating means of the controller.
Simultancously with this movernent the pas-
sage-way 3 i brought 1nto

3b in said valve 1s
70%, leading to, pipe 70.

This passage-way maintains its register with
pipe 107, connected with the maintaining
train-pipe 10. Compressed air is then ad-
mitted from the maintaining system to the
eylinder 54 to hold the reversing-switch in
the position into w ich it has been moved by
the compressed air from the actuating sys-
tem. i ]

The compressed ait in the actuating sys-
tem fows through pipe 40, passage-way .39
in the series-parallel valve, thence through
1, passage-way 335%, formed in valve 33
o contact 14, thence through main-
taining-pipe 75 inte the valve-chamber 32,
contalning-valve 31 of contact 14, thence to
cyhinder 22 of said contact, foreing the actu-
ating-piston 23, contained therein, upward to
cloge the motor-circuit at the fixed contacts
30, After said serics. contact has- been
closed the compressed air enters the valve-
casing 34 of said contact through port 73 and
moves the valve 33 so as to bring the port 33%
into register with the pipe 76 and out of regis-
75, thus. connecting the
operafing means of the first resistance-con-
tact 17 with the pneumatic actuating sys-
tem and disconnecting the opcerating means
of contpch 14 from said actualing system,
The downward movement of the valve 33 of.
contact 14 also causts the passage-way 33"
to connect the pipes 44 and 75°

actuating system through pipes
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B

lishing communication between the cylinder.
ot 14 and the maintaining {rain-
pipe 10 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

70

through the ihrottle-valve . This valve -

‘pipe 79, leading,

‘arrested at any desired

is muintained normally open by the spring 77
and is closed when an excesslve current flows

\ through the motor-cireuit 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
hefore described with reference to series
contact 14, and operates the valve 33 of con-
tact 17 to connect the actuating system to the
as shown in Fig. 1,to the sec-
ond resistance-contact 18. As showninFig.
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
Cther resistance-controlling contacts will op-
erate in automatic progressidn, each con-
taét, as it operates, disconnecting its operat-
ing means from the pneumatic’ actuating sys-
tern and connecting it to the pneumatic
maintaining system and also connecting the
operating means of the contact next in ad-
vance to the actuating system.

T¢ 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 reasonitis desired to check said au-
tomatic progression, the master controlling-
velve may be moved back into its first opera-
{ive 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
ihus be seen that the acceleration of the mo-
tors or progression’ of the contacts may be
point for any desired
length of time withont affecting the contacts
already operated or the position of the re-
versing-switch. _ '

The throttle-valve H operates to arrest the
flow of compressed air in the actuating sys-
tem whenever the current in the motor-cir-
cuit rises above & 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., A :

With respect to the motor-circuits when
the master controlling-valve is first moved
into its second operative position the re-
versing-switeh, the series contact 14, and the
first resistance-controlling contaet 17 will be
closed and an electric circuit completed
through the motors connected in series as
follows: fromiithe trolley T, through contact

, thus estab- | 17, resistance R/, reversing-switch RS, erma-
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“within the cylinders 22 to
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port communicates with pipe 43, which is
b : e 1 )

‘maintaining system. During the forward

‘quick-acting 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
M2, 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 1t 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 frain-pipe 11, and pipe 48, con-
nected with series-parallel valve P.  So long
as there is no pressure in the parallel train-
pipe 11 the progressicn of the contacts will
automatically check itself when the final
series pesition is reached; but if the master
controlling-valve is moved into its parallel
position (indicated by 3 3) the parallel train-
pipe is charged with air from B through the

ort 64, passage-way 58, port 60, and pipe 11°.
The compressed air then passes {rom the
train-pipe 11 through pipe 11°, passage-way
85 in valve 33 of contact 20, through pipe 48
into-the casing of the series—par:ﬁlel 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 serles
contact 14, is then exhausted of the air con-
tained therein through thie exhaust-pipe 42
and passage-way 39 irr said valve. =~ This ex-|
hausts all the pipes of the actuating system
conriected with tﬁe.—contact—opemting means.
Also during said férwerd movement the
maintaining train-pipe is eut 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. During this op--
eration the air is first exhausted frgin the

lowing tHe valve 31 therein to permit the air
¢ exhausted
through the ports 86 and 87. As the piston
23 moves downwardly the port 73.is opened

o the atmosphere and the valve 33 returns to |

its initiel position under the action of spring |

74. Thus all the parts of the contact-oper-
ating means assume their initial position. 1t
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 regstablishing
the maintaining system connections. At the
same time the passage-way 38 registers with
pipes 46 and 47 and the parualiel train-pipe 11
is then connected to the parallel actuating
system.
the compressed air flows from train-pipe 11
through pipe 47, passage-way 38, pipe 46,
through the valve 33 of parallel contacts 15

and 16 in multiple, through pipe 88 into

valve-chambers 32 of said contacts 15 and 16,
and Trom thence into the eylinders 22 of said
contacts. The parallel contacts are thus
closed and the valves 33 of these contacts are
then operated to connect the pipe 46 to the
pipe 76 and disconnect said pipe 46 of the
actuating system from the paraliel-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-

77

75

When thisconnectionisestablished,

8o
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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 M/, reversing-
switch, coil 78, field of motor M/, contact 16
to ground at G, also branching at the point
120 through contact 15, reversing-switeh,
armature of motor M? reversing-switeh,
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, I have employed a pneumsatic in-
terlock  between said contacts, end to this
end I providethe quick-acting exhaust-vilve
of said contacts with an auxiliary passage-
way 90, which when the valve 31 18 oporated
to admit air from the pipe 88 or 75 into the
cylinders 22 connects the other of said pipes
88 and 75 to atmosphere 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 quiek-acting exhaust-valve of contact 14
end the contacts 15 and 16 will not operate.

In the modification illustrated in Fig. 3 1
have reduced the number of train-pipss in
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the pneumatic control system from four to
three, said pipes being indicated by 10, 12,
and 13, the parallel train-pipe 11, Fig. 2 be-
ing omitted. The series and parallel con-
nections in forward and reverse direction of
movemert are controlled through the train-
pipes 12 and 13 in a manner which will now
bedescribed. To cbtain series forward, corm-
pressed air is admitted to one train-pipe. To
obtain series reverse,
train-pipe. To obtain
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 the reversing-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-
troller 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 ths

series-parallel switch P. In the operation of
this
ling-valve V' is moved into the first forward
position (incicated by the vertical dotted
line 1 1) the compressed air is admitte] 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°.  Thenthe valve V/is moved
into its series-forward posttion, (indicated by
2 2,) and the compressed air isadmitted to the
pipe 61 through the passage-way 568, thereby
charging the train-pipe 12, pressure being
c1eanwhile maintaines is 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
evhinder 55, thence into the latter . slinder
through valve 31, forcing the piston 53 into
thie position 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 cylinder 55, pipe
40, passage-way 39 in the series-parallel valve,
pipe 41, to the controlling-valves for contact
14. The automatic ;
of the controller - contacts then proceeds
through the serics positions, as before de-
seribed, until the contact 20 has operated.
This progressive action, as before described,
nay be checked by the operation of the
throttle-valve 1
inaster controtling-valve into its first posi-
lion,

the compressed air is-

mooification when the master control- |

progressive.: operation |

or by & movement of the-

TWhen it is desired to proceed into the par-
aliel positions, the valve V" is moved into the

pressed air to the train-pipe 13 through the
passage-way 58, port 62, and pipe 13#, pres-
sure. being meanwhile maintained in train-
pipes 10 and 12.
flows through pipe 13, passage-way ‘332 of
valve 33 on eylinder
valve is in its lowest position through the
pipe 47, passage-way 85 in valve 33 of con-

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 meintaining 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 systems, the latter connection be-
‘ing made from pipe 47* through pipe 47,
- passage-way 38 1n the series-parallel valve,

actuating means of the: paraliel -contacts 15
and 18. : R :

It will be noted that when the compressed
air is admitted to the pipe 13P from train-
pipe’13 there is no tendency for the reversing-
switch to be thrown into.its reversed position,
since the compressed air cannot pass from
pipe 13" through the port 33 of valve 33 on
cylinder 55 because said nssage - way is
moved out of register with
said valve 33 is in its lower position. ~How-
is moved into its series-reverse
dicated by 2 2) the compresse air is ad-
mitted to train-pipe 13 while there is no
pressure in ‘the train-pipe.12. The com-
pressed air then flows through pipe 13®, pas-
sage 33 in valye 33 on cylinder 55, through
‘pipe 13, passage 33° in valve 33 of cylinder
54, thence into said cylinder through valve
31, then by operating the reversing-switch

on cylinder 54 into its downwar _ position.
The movement of this latter valve makes

tainingsystems and series-parallel valve simi-
lar to those just describedp
valve 33 on cylinder 55. These connections
may be readily traced on the diagram,
Referring now to the eonstruction of my
preferred -form of pneumatically-actuated
controller-contact, (illustrated inFigs. 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-
‘sition against the stop-ring 222 by means of

trical contact or switch normally open. This
cylinder 22 is fastened to the under side of s,

The compressed air then.

sume their initial position, then to reéstab-

thirough pipe 46 to the valves controlling the

® pipe 13° when.

pipe connections to the actusting and main-

the string 97, thereby maintaining the elec-

>

position indicated by'3 3. This admits com- .
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55, thence since the
tact 20, through pipe 48 into the casing of se-
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ever, when the master controlling-valve V’
gosition (in-

IXc

into reversed position and moving valve 33 v

115

with reference to
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| supporting-plate 96 by means of bolts 97, & f30
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_the lower face of plate 86.

5

20

253

35

‘9ge,

stzip of compressible material 95 being-nlaced
between the' upper edge of oylinder 22 and
These cylinders
may be fastened to separste supporting-
plates or a large number may be suspended
from a single plate in the manner shown in
Tig. 8. The valve-casings 32 and 34 are
preferably formed integral with cylinder 22
in the manner shown in Figs. 5, 6, and 7.
The casing 34 contains the valve 33, the
finetions and operation of which have been
described in deteil. The wvalve-casing 32
containg the quick-scting exhaust-valve 31,
which operates to connect the cylinders 22
$0 atmosphere when the pressure in the sup-
ply-pipe 76 falls below a. predetermine

value. The brackst 98, formed on the lower
end of the eylinder 22, has pivoted thereon
at 088 the contact-arm 101, which is con-
neeted with the piston-rod 24 by means of
the spring 100, attached to the arm 101 at

101% and to the rod 24 at 24%, thereby form- |

ing & snsp-switch action. Ta talke up the
strain of the spring 100 on the vod 24 to
prevent said rod from sticking in its bearing,
1 provide the link 88, pivotally connected to
the end of rod 24 and to the bracket 98 at

The contact end of arm 101 engages
the fixed contact 102 within the arc-defiector
housing 103. A blow-out magnet the coil
of which is indicated at 104 ané one pole atb
104¢ in dotted lines in ¥ig. 5 is provided for

the purpose of dissipating the arcs which
tend to form at the contacts of the switeh.

In the operation of this form of pneumat-
ically-actuated controller-contact the com-
pressed eir entering the valve-casing 32

forces the valve 31 downward against the

40
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action of its spring until the port 86 is uncov-
ered to admit the sir into the upper part of
eylinder 22. The piston 23 is then forced
dowmward against the action of the spring
97, thereby moving the lower end of the pis-
ton-rod 24 below. & point in alinement with

pivets 98¢ and 1012, so thai the spring 100~

will exert &, downward pull on the left-hand
end of arm 1061 and move its right-hand end
with & smap action into engagement with
contact 102, thereby closing the switch.
During the downward movement of pistor
93 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 male the conngetions to the pnsu-
matic actuating and maintaining systems, as
before described. : '
When the pipe 75 is exhausted or the pres-
surs therein reduced below & predetermined
value, the valve 31 is moved upwerdly by its
spring so as to conmect the cylinder 22 di-
rectly to atmosphere through the port 88
This permits the piston 23 to move wpwearsd
under ths infiuende of spring 87, throwing the
spring 100 over dead-cenicy, so &3 0 exery
an upward pull on the leii-ba d end of arm

for conirolling the

tact-operating means for producing

101 and open the switch with a snap aetion.
The valve-chamber 34 is also exhausted to
atinosphers through ports 73 and 73* and the
valve 33 is returned to its initial position by
spring 74.

I aim in.the appended claims to cover all”

modifications and changes in my improved
system of pneumatic control for motors and
in the construction of the vontroller-contacts
which do not involve a departure from the
spirit and’scope of my invention. :

What I claim as new, and desire 1o secure
by Letters Patent of the United States, is—

1. Inasystem of motor conirol,a motar-con-
troller comprising a plurality of separately-
actuated contacts with pneumatic operating
means thervefor, a master confrolling-vaive
admission of compressed
fluid from a source of supply to said operat-
ing means, means assoslated with the con-
an at-
tomatic progressive operation of said oper-
ating means, and means whereby the extent
and rate of progression of said contacts may
be divectly conirolled from said master con-
trolling-valve. ,

2. In a system of motor sonteol, a mobor-
controller comprising & plurality -of sepa-
rately-sctuated contacts with pneamalic op-
erating means therefor, a master controiling-
valve for controlling the admission of com-
pressed fluid from a source of supply to said
operating means, means gssocinied with the
contaci-operating means for producing an
automatic progressive operation of said op-
erating means,and means for checking the
automatic progression of said contacis from
the master controlling-valve without affect-
ing the contacts already operated.

3. In a system of motor control, a plural-
ity of pneumatically-actuated contacts form-
troller, means associnted with

ing a motor-conts
the contact-operating means for producing

n

‘an automatic progressive action of said con-

tacts, o masber controlling-valve, and means
for checking the automatic progression with~

out affecting the contacts already operated,

said means being controlled by a movement
of the master conirelling-valve.

4. In sombination, a plurality of motors.a
series-paraliel motor-controller of the sep-
arately-nctuated contact type, means for
producing an automatic progressive action

of said contacts so arranged that the contacts -

are requirad to operale in.a definite order,
a puneumatically-operated reversing-switch,
and a preumatic contrel system including 2
master controlling-valve whereby series and
parallel conpections of the motors for for-
ward, and reverse directions of movement
may be obtained and the automatic progres-

sion of the coniapts checked without affect-

the contacts slready operated,
&, Incombination, » plurality of motors, 8
raotor-controller of the separately-actuated

ing
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contact type, pneumatic operating means for
the contacts thereof, arranged for altometic
progressive action, & pneuma‘ticaﬂy—opemted
reversing-switch, a master controlling-valve
a pneumatic control system, connected to
the master controlling-valve by three pipes,
the whole being so constructed and arranged
that by a proper manipulation of the master
controlling-valveseriesand parallelinforward
and reversed direciion may be
the automatic progression of the contacts
checked at any desired point without affect-
ing the contacts already operated.

3. In » motor-controller of the separately-
actuated contact type, resigtance-controliing
contacts and series and pataliel contacts,
pneumatic operating means therefor, s préu-
mabic control system, including & series-par-
preventing the oper-
ating of said serieg-parallel valve until the
final resistance-controlling contact has oper-
ated. : y 5

7. Tn a motor-controiler of the separately-
actuated eontact type, pneumatically-oper-
ated series and parallel contacts, pipes lead-

. . . i
ing to the actuating means for said contaets, |

and means associated with the series contact

contacts when the series contact is operated
and vice versa. _ SR -

2. In combination, one oF mMore electric
motors, aplurality of pnaumatically-&ctuated
contacts forming & motor-controller, means
for producimg &n automatic progréssive op-
eration of said contacts, a master controlling-
valve, a pneumatic acthating system, and a
pneumatic maintaining system conneeting
+he mastercontrolling-valve with the contact-
actuating means, whereby the rate and ex-
tent of the progression of the controlier-con-
tacts may be controlled. " '

9. In combination, & motor-controller of
the separately-actuated contact type, pneu-
matic sctuating means for the contacts there-
of, a pneumatic actuating system, and a pneu-
matic maintaining system, ;said actuating
system being norirally connected to one or

- more of said contacts, and means for discon-

50

- the maintaining system as
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_necting the contact-operating means from

the actusting system and connecting it to
the contact op-
ersies. _

10. In a system of motor control, a motor-
controller of the separately-actusted. con-
tact type, having pneum tic operating means
for the contacts thereof, a pneumatic actuat-
ing system, & 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, & motor-
controlier of the separately-actuated contact
tﬁpe, having pneumatic operating means for
the contacts thereof, a pneumatic actuating
system, & pneumatic maintaining system,

be obtained and-

and means for shifting the operating means
of each contact as it operates from the actu-
ating to the maintaining system. '
12. In a svstem of motor egnirol, & motor-
controller of the sept rately-actusted contact
type, having pneumatic operating means for
the contacts thereof, a pneumatic actuating
systen:, & pneumatic mainbaining system,
and means for shifting the operating means
of each contact as it operates frow. the actu-
ating 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, & motor-

controller of the sepamtely—actu&ted contach
the contacts thereof, & preumatic actuating
| system, & puenmatic maintaining system,

and

nect

the setuating system and after said contact
“has operated Jisconnecting said operating
mesns from the actuating systein and con-
| necting it to the masntaining system.
| 14. In a system of motor control, & motor-
controller of the sepamtely-aetuated contact

type, having pneum atic operating means for

] l! type, having poeumatic operating means 1ov
|
i

automatically-actuated valves fof .con-
ing the operating meaus of & contact to

parallel | the contacts shereof, & pneumatic—actuating

system, & pneumatic misintaining system,
and automatically-actusted valves-for con-
necting the operating means of a contact t0
the actuating s
has operated Jisconnecting 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 nieans. K S
15. In a system of motor conirol, & motor-
| controller of the separatelgf-ﬁctliated contact
type having pneumatic operating means for
the contacts thereof, a fpneumatica»emating
system, & pneumatic mnaintaining system,
and means, for econnecting the operating
means of the contacts to the actuating sysy

tem in a manner to produce &n automatic

progressive operation of said contacts and’

or disconnecting the operating means of
each contact as it operates from the actuat-
ing system end for connecting it to the main-
taining system. R

16. In & system of motor confrol, & motor-

controller of the sepamtely«actuated.cfsntacti

the contacts thereof, & pneumatic actuatingf
systém, @ preumatic raaintaining system,
andsmeans for connecting the contact-operai-
ing means succsssively to the actusting and
| msintaining systems, and means for render-
ing the actuating system inoperative to
check the automatic progression of said con-
tacts. ,
‘ 17. Ta o systemof motor control, & motor-
controlier of the separately-actuated contact
:
t

\ type, having pneumnatic operating means for

rpo, having pneumatic operating means for
the contacts thercof, & pneumatic actuating

rstema and after said contact
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system,; a pneumatic maintaining system,
meansifor connecting the contact-operatin

means successively to  the adtuating an

maintaining systems, a throttle-valve m said
actuating system, and means_for operating
said throttle-valve to check the progression
of said contacts when the current in the mo-
tor-circuit rises above a predetermined value.
18, In a system of motor control, amotor-
controller of the separately-actuated contact
t{pe, having pneumatic operating means for
the contacts thereof, a pneumatic actusting
system, a: pneumstic maintaining system,
and means for connecting the contact-operat-
ing means successively to the actuating and
maintaining systems, and a master control-
ling-valve adapted to cut off the supply of
compressed fluid to said actuating system to
arrest the progressive operation of said con-
tacts without affecting the maintainiog sys-
tem. . ' :

19. Inamotor-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. Tn amotor-controllerof the separately-
actuated contact type, resistance-controfling
contacts and series. and parallel contacts,
pneumatic operating means forsaid contacts,

“a prneumatic actuating system, 2 pueumatic

maintaining system, and mesns for rendering
said actuating system inoperative without
affecting the maintaining system.

21. Inamotor-controllerof the separately-
actdated coptact type, series, resistance-
controlling and parallel contacts, pneumatic
operating means therefor, and an actuating
system for said contacts including means
controtled by the series and resistance con-
trolling contact operating means for render-
ing the actuating system operative with rela-
tion to the resistance controlling aad parallel
contacts, respectively. :

92, Inamotor-coatroller of the separately-

actuated contact type, series, resistance con-

troliing 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-
snee-controlling contact for renderiig said
actQating and maintaining systems inoper-
ative as to said series and resistance control-
ling contacts but cperative as to said parallel
contacts. oL
23. Inamotor-controlier of theseparately-
actuated contact type, series andr parallel

contacts, pneumatic opersating means there- "}

for, & source of compressed-fluid su ply, an
actuating system inc]fuding mdependent con-
nections between said source of supply and.
the respective pneumatic cperating means,
and & maintaining system including & com-

,B81

‘mon copnection between the source of sup-

ply and the pneumatic operating means.

24. In combination, a series-parallel mo-
tor-controller of the separately-actuated con-
tact type, pneumetic operating means there-
for, & pneumatic sctuating system, and an
automatic valve controlled by the operating
means of one of seid contacts for rendering
anid actuating system’ inoperative as to the

series contacts and operative as to the par-

allel contacts. -

- 25. In combination, & seﬁes—péif&llel mo-

tor-controller of the separately-actuated con-
tact type, pneumatic operating means there-
for, & pneumatic actuating system, a maio-
taining system, and an automatic valve for
réendering said actuating and meintaining
systems inoperative as to the series contacts
and then operative as to thé paraliel contacts.

26. Inamotor-controller of the separately-
actusted contact type, series, parallel and
resistance controlling eoatacts, pneumatic

operating means therercr, a pneumatic actu-

ating system, and an automatic valve con-

‘troiléd by the operating means of oneof said

contacts for rendering said system ivoper-
ative as to the series and operative as to the
pagallel contacts. ' :

27, Ina motor-controller of theseparately-

actuated contact type, series, parallel and
resistance controlling contacts, pneumatic
operating means therefor, an actuating sys-
tem and a maintaining system, and an auto-
matic valve for rendering the actuating and

‘maintaining systems inoperative as to the

series contacts and then operative as to the
parallel contacts.
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283. In combination, a series-parallel con-

troller of the separately-actuated contact
type, a reversing-switch, pneumatic operat-
ing means therefor, a pneumatic -getuating
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, & 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
tye, @ reversing-8witeh, pneumatic operat-
ing means therefor, poetimatic actuating and

maintaining systems, and means conirolled

-
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by the operating means of the reversing-
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
tacts, and an automatic valve for rendering
said systems operative as to the parallel con-
tacts. - - S

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 operafive as to the series

~ contacts, and an adtomatic valve for render-

25

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 having a motor-controller

' -comprising'a ﬁ)_lumlityo separately-actuated

30
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_contacts wit

pneumatic operating means
therefor and means for proc?ucing an auto-
matic progressive operation of said operating
means, and a pneumatic train system includ-
ng a master-valve and mesans whereby the
extent and rate of progression of said corn-
tacts may be directly controlled from said
master-valve. AR : :
'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 o erating 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. Ina system of train control, each of a
plurality of “cars having a motor-controller
comprising  separately - actuated contacts
with penumatic operating means therefor
and means for producing an automatic pro-

- gression of said operating means, and a pneéu-

55
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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-
trolled 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

to the series con-

©

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

Ineans 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

that the. progressive action of the contacts,

70

75

means for connecting said train-pipes to a . -

-source of compressed-fluid supply.

38. In a system of train control; each of g

matically-actuated contacts forming ‘a mo-

pneumatic actuating system and g pneu--

matic maintaining systém, and a pneuinatic’

8o~

plurality of cars, having a plurality of pneu-

tor-controller, means for producing an auto- -
matic progressive action of said contacts, ‘4. - .

85

train system operatively related to said actu- .

ating and maintaining systems. °

39. In a system of train control, each ofa -

plurality of cats having a plurality of pneu-

90"

matically-actuated contacts forming a mo-~
tor-controlier, means for producing an auto- -
matic progressive operation of said contacts, !

& pneumatic actuating system and a pneu-
matic maintaining system, a pneumatic train
system operatively related. to said -actuating
and maintaining - systems, said pneumatic
train systemincluding a master-valve and the
arrangementof the parts beingsuch thatthe -
rate and extent of progression of the contacts
may be cont;
valve; - v . S
40. In a system of train control, each of a
plurality of cars having & plurality of pneu-

Tatically-actuated contacts forming a mo--

100

rolled directly from the master- -

T0%

tor-controller, a pneumatic actuating system -

and a pneumatic maintaining system, and a
pneumatic. train system operatively related
to said -actuating and maintaining systems.

41. In a system of train control, each of a
plurality of cars having a motor-controller of

the ‘separately-actuated contact, type, pneu- -

matic actuating. means  for the contacts

‘thereof; a* pneumatic maintaining system,

said ‘actuating system’ being normally con-
nected to one or more of said contacts, and:

rrs

means for disconnecting the contact-operat-
ing means from the actuating system-and -

connecting it-to the maintdining~ system as.
the contact operates, train-pipes operatively

izo

related to said actuating ‘and maintaining

pipes with compressed fluid, -’ o
42. In a system of train control, each of a
plurality of cars having a motor-controler of -
the separately-actuated confact, type, pneu~

.matic operating means for the contacts there--

ystems, and means for supplying said train-.

125

of, a pneumatic actuating system, a pneu=

matic maintaining systein, -and means for
connecting the contact-operiting means'sic-

130
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cessively. to the actuating and maintainine
) fal

systems, train-pipes operstively related 6.

sal¢ 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 separatelv-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 from the actuating to the
meaintaining systemn, train-pipes operatively
related to sald actuating and maintaining
systerns, 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-actuated contact typs, pneu-
matic operating means for the contact there-
of, a pneumatic actuating system, a pneu-
matic maintaining system, and means for
shifting the operating meaus of each contact
as it operates {rom the actuating to the main-
tzining system and for connecting the actuat-
ing méans of the next contact in advance to
the actuating system, train-pipes connected
to $aid actuating and maintaining systems,
and a master-valve for connecting said train-
pipes to a source of compressed-fluid supply.

45. In a system of train control, each of &
vlurality of cars having & metor-controller of

T
&
4

(9

the separately-actusted contact type, pneu-

matic operating means for the contacts there- .

of, a pneumatic, actuating system, a pneu-
matic maintaining system, snd an automatic
actuating-valve for connecting the operating
means of the contacts to the actuating sys-
tern and after said contact has operated, dis-
connecting said operating means from the ac-
tuating means and connecting it to the main-
taining system, train-pipes connected o said
aciuating and mainteining systems, and s

m:ster-valve for connecting said train-pipe:

to a source of compressed-fluid su]p‘ply. .

46. A system of train conirol, each of a
plurality of cars having a motor-controller of
the separately-actuated contact type, pneu-
1atic operating means for the contacts there-
of, a pneumatic actuating system, a pneu-
matic maintaining systein, an automatic ac-
tudting-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 actuat-
ing and maintaning systems, and a masser-
valve for conmecsing said train-pipes to a
source :of compressed-fuid supply,

§86,081

47. In a system of train control, each of a 63

plurality of cars having a motor-controller of
the separately-actuated contact tvpe, pnou-
matic operating means for the contacts theye-
of, 2 pneumatic -actuating system, & pneu-
matic maintaining system, and means for
connecting the operating means of the con-
tacts to the actuating svstem in a manner to
produce an automatic progressive operation
of said contacts and for disconnecting the
operating means of each contact, as it oper-
stes, from the actuating system and for con-
necting it to the maintaining system, train-
pipes connected to said actuating and main-
talning systems, and a master-valve for ad-
mitting compressed fluid from the source of
fuid-supply to said train-pipes. -

48. In a system of train coutrol, each of a
plurality of cars having a motor-controller of
the separately-actuated contact type, pneu-
matic operating means {or the contacts there-
of, & pneumatic actuating system, a pneu-
matic maintaining system; and means for

connecting the contact-operating means suc- -

cessively to the actuating and maintaining
systems, train-pipes connected to said actu-
ating and maintaining systems and a2 master-
valve for connecting said trein-pipes to a
source of compressed-fluid supply; the ar-
rangement being such that the actuating sys-
tems may be rendered inoperative from the
master-vaive without affecting the maintain-
ing systems.

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

50. In combination, a contact, & piston
for operating it, two supply-pipes operatively
related to said piston, a pneumatically-ac-
tusted valve constructed and erranged to
close one pipe when the other is opened, and
means whereby compressed fluid is applied
to said valve tc 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 hy pressure
supplied by the latter pipe.

In witness whereof 1 have hereunto set my
hand this 27th day of Beptember, 1904.

CHARLES E. LORD.

Witnesses:
Sanrorn Kiing,
Frep J. Kimeswy
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