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TyPicAL OPERATION CHART

[No_ of Step First Step Second Step
Period blank conditioning | execution |conditioning | execution
Stepping Circuit| deenergized |energizedtiore deenergized |energizedtlort| deenergized

LR relay down up down ‘up down
-()_ut~5oing

P relay conditioned | held condi tioned held conditioned
PR relay down conditioned held conditioned held

IS relay | held conditioned held conditioned | held

S0. relay down up + held :fol::::i :’tf' held 3?::;231::
In- coming ' |
P relay |conditioned held conditioned held conditioned
PR. relay up |eonditioned held conditioned held

M relay down conditioned. held conditioned heid

SI relay up up and held :::;:ji:; held ‘:ﬁi;;ie :_:: :
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.exercise his supervisory control over the operation

switches and signals
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53 Claims.

This invention relates to centralized traffic con~
trol systems for railroads, and more particularly
pertains to the communication part of such a
gystem, by means of which an operator is able

s to. govern traffic controlling devices at various

points along a railroad, and is informed of the
progress of trains and the operated conditions of
the traffic controlling devices.

. A centralized traffic control system, generally
speaking, is employed to enable the operator to
govern train movements, over that portion or
territory of a railroad which is under his supervi-
sion, by causing operation of the switches and
signals at various points in this territory, SO’ as
to permit trains to move in any way he may de-
sire. ' In stich a system, the various track switches
are usually operated by power, under the control
of the operator, with suitable provision for local
approach locking and the like, so that the
switches may not be improperly and unsafely
are auto-
matically controlled in accordance with traffic
conditions and the positions of the switches, as
is usual with automatic block signalling practice,
the operator, who may
hold any signal at stop, regardless of the auto-
imatic control, or may allow any signal to clear,
‘provided the location of trains makes it safe for
such signal to be clear.

In other words, the centralized traffic control
system contemplated by this invention may be
said to comprise a communication system, such
for example as disclosed in the pending applica-
Ser. No. 455,304 filed

of the switches and signals, together with a suit-
able signalling system, such for example, as dis-

closed in the pending application of S. N. Wight,
3, 1926, now U. S. -

‘Ser. ‘No. 120,423, filed July v
Tetters Patent 2,082,436, granted June 1, 1937,

providing the necessary block signal and inter-

locking protection, so that the operator can direct
the movement of trains by the indication of sig-
nals without written train orders.

The present invention relates more particularly
to improvements in the communication part of
such a system, whereby increased facility is ob-
tained in the operation thereof and in adaptation
of such a system to problems of practice.

_In - practice, it may happen that the track
located throughout the ter-
ritory under the supervision of the operator, may
be unevenly distributed so.as to make it con-

(CL. 246—5)

venient for certain of these traffic controlling
devices to be grouped together to comprise a
field station, which devices are preferably oper-
ated or controlled from the same field station
equipment. -In a communication system of the -5
coded duplex type, communication is established
between the control office and the several field
stations along the railroad over a comparatively
small number of line wires, by utilizing special
combinations of current impulses in the form cf a 10
code to select the stations one at a time, and/or
register the several field stations, one at a time,

" in the control office. After the selection or regis-

particular field station, communica-
that station and the 18

tration of a
tion is then held between
‘control office. .

One function of the system, after the selection
of a particular station, is to enable the operator
4o condition at will a relay or similar control de-’
vice for each switch or signal at such selected ‘20
station, in such a way that each switch may be
shifted to either position, and each signal caused
to indicate clear or stop, as may be desired by
the operator, subject to the control of the sig-
‘nalling system, which prevents the switches and 25
signals being unsafely operated. This function
of the system may be referred to as the transmis-
sion of controls.

-One function of the system, after registration
of a particular station, is to transmit indications 30
‘of the existing operated positions or conditions
of the switches and signals, and the presence or
gbsence of trains on various track circuits, to-
gether with indications of sueh other conditions
as may be of value to the operator.. This func- 35
tion of the system may be referred to as the
transmission - of indications. ‘ .

Although a coded duplex type communication
-system’is preferably provided to transmit a par-
sictlar number of controls and/or indications for 40
each cycle of operation, it may happen that a
greater number of track switches and other traffic
controlling devices are located at certain field sta-
tions, than can be adequately handled by & single
field station equipment during the same cycle of 45
operation.

In view of this, it is proposed, in accordance
with the present-invention, that the traffic con-
trolling devices at such stations be divided into
groups with the system so organized as to be able 50
to transmit the number of controls or indica-
tions associated with any particular group dur-
ing a single cycle of operation. In other words,

a field station may be said to be comprised of a
single group of controls and/or a single group of 58
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indications, or a plurality of such groups. With
the communication system of the duplex coded
type, either the groups of controls are trans-
mitted, one group at a time for each cycle, and
simultaneously therewith the groups of indica-
tions are transmitted, one group at a time for
each cycle, or the control and indication groups
are transmitted separately, one group at a time
for each cycle. This function of the system to
distinguish. between the groups of controls and
indications of a field station may be conveniently
termed group selection, and is accomplished after
the selection of the field station by the trans-
mission of a code characteristic of the particular
group of the station with which communication
is to be held. : ’ S

In a selective type communication ‘System
where the step-by-step mechanisms are syn-
chronously operated from a control office by im-
pulses transmitted over a stepping circuit, and a
message or indication circuit is employed to
transmit indication impulses from any particular
field station to the control office on each step,
such for example as in the coded duplex system
disclosed in the above mentioned application of
N. D. Preston et al., Ser. No. 455,304, now U. S.
Letters Patent 2,129,183 -granted Sept. 6, 1938,
the step-by-step mechanism must respond to a
particular impulse on the stepping circuit before
the message circuit can be conditioned to trans-
mit the indication for the corresponding. step.

The present invention provides means, so that
the condition to be transmitted for each. step is
set up on.the preceding:step, with this condition
made- effective to condition the message circuit
immediately upon the application of an impulse
to the stepping circuit and simultaneously with
the operation of the step-by-step mechanisms.
This feature of the present invention serves to
decrease the time period required for each step.

A further object of the invention is to pro-
vide a communication system of the selective
type, which is normally at rest, but which may
be initiated into operation by a change in indi-
cation conditions at any one or ali of the several
field- stations, with provisions made so that the
operator may suppress or prevent certain field
stations from thus initiating the system for regis-
tration in the control office, whenever he may
desire. .

A further object of the invention is'to provide
a communication system of the selective type
having four neutral lines for accomplishing the
selective control, whereby the system is made
more immune to.inductive surges due either from
operaticn of the system or from external causes.

A still further object of the invention is to
provide a communication. system of the selective
type having two lines for accomplishing the
selective control. - This feature of the invention
is accomplished by having a direct current, polar-
ized control circuit with an alternating current
message or -indication circuit superimposed
thereon.

Other objects, purposes and characteristic fea-
tures of the present invention will be in part
obvious from the accompanying drawings, and in
part pointed out as the description of the inven-
tion progresses. . :

In describing the invention in detail, reference
will be made to the accompanying drawings, in
which similar parts throughout the several views
are designated by like reference characters pro-
vided with distinctive exponents, and in which-—

Figs. 14, 1B, 1C and 1D, when arranged with

2,170,141

Fig. 1B beneath Fig. 1A, with Fig. 1D beneath
Fig. 1C, with Figs. 1A and 1C placed end to end,
and with Figs. 1B and 1D placed end to end,
illustrate the apparatus and circuits for the con-
trol office of a communication system constructed
and arranged according to the present invention;

Figs. 2A and 2B when placed end to end illus-
trate the equipment of 2 typical field station
having a distinctive code call, with its controls
and indications divided into several groups, each
group of which is provided with a distinctive code
call for its selection;

Fig. 3 shows the arrangement of line circuits
as modified according to the present invention
to provide a system having four neutral lines;

Pig. 4 shows the arrangement of line circuits
a8 modified according to the present invention
to provide a system having two line wires; and,

Fig. 5 shows a Typical Operation Chart which
gives in a graphic form the sequence of opera-
tion of certain relays in the system.

For the purpose of explaining the nature of the
bresent invention, there has been shown in the
accompanying drawings one typical embodiment
of the invention illustrated as controlling a single
track switch and its associated signals; but the
same principles and functions of the invention,
and the same apparatus and circuits may be em-
ployed, or may be readily adapted by obvious
modifications, for the control of the switches,
signals, or other traffic controlling devices for all
kinds of track layouts, and for receiving such
indications of the positions or conditions of these
traffic controlling devices, track circuit occupancy
and the like, as may be desired.

For the purpose of simplifying the illustra-
tion and facilitating in the explanation, the vari-
ous parts and circuits constituting the system of
the present invention have beén shown diagram-
matically and’ certain conventional illustrations
have been employed, the drawings having been
made more with the purpose of making it easy
to understand the principles and mode of oper-
ation of the system, than with the ides of illus-
trating the specific construction and arrange-
ment of parts that would be employed in prac-
tice. Thus, the various relays and their con-
tacts are illustrated in a conventional manner
and symbols are used to indicate connections to
the terminals of batteries or other sources of
electric current, instead of showing all the wiring
connections to these terminals.

The communication system of the present in-
vention may be said to comprise a control office
conveniently located with respect to the terri-
tory under supervision, and g plurality of field
or way stations distributeq along the railroad at
convenient points. Each of the several field
stations is connected to the control office by three
line wires (in the form shown in Figs. 1A, 1B,
1C, 1D, 2A and 9B . namely, a stepping and
control line, g message or indication line, and
2 common return line. These line wires are
connected together so as to complete two sepa-
rate circuits with g common return connection
which circuits include each of the field stations
and control office. These circuits are conven-
lently termed s stepping circuit and a message
circuit.

In the form shown in Figs. 14, 1B, 1c, 1D, 2A
and 2B, the stepping circuit accomplishes two
functions, namely, that of operating the step-by-
step mechanisms, and that of controlling the
switches and signals, These two functions do
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same circuit, but may be provided with indi-
vidual circuits in a similar manner as shown in
PFig, 3 of the accompanying drawings, later to be
explained.

The stepping and control line circuit includes
at each field station, and at the control office, a
polar line relay L which is of the three position
biased to neutral type; and the message line cir-
cuit includes at each field station and at the con-
trol office, a message relay M of the neutral type.
At each field station two neutral contacts respec-
tively operated by a neutral pulsing relay P and
a neutral pulsing repeater relay PR are also in-
cluded in the message line circuit.

The stepping and message circuits are supplied
with direct current from suitable sources located
in the control office, and represented by batteries
BT! and BT? respectively. The field stations do
not supply current to any of the line circuits of
the system. This supply of direct current for the
line circuits may be storage batteries with suit-
able trickle charge or periodic charging means,
motor generators, or any other suitable source
of electrical potential. It is to be understood,
that the voltage required from these sources will
vary with the length of line wire, the size of the
line wire, and the resistance of the relays in-
cluded in the circuits, with the particular values
ascertained in accordance with the usual en-
gineering practices.

Sources of direct current are required at the

. control office and at each of the field stations for
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supplying energy to the circuits local thereto,
such as for the operation of the switches, signals
and other devices at the particular location.
Storage batteries, maintained charged through
rectifiers from a suitable power line, are prefer-
ably employed for this purpose, in accordance
with common practice.

Although the line circuits have been shown as
supplied with -energy  from suitable battery
sources, local circuits have been designated as
supplied with energy from battery sources indi-
cated by symbols. The symbols (+) and (—)
are employed to indicate the positive and negative
terminals respectively of a suitable battery or
other source of direct current; and the circuits
with which these symbols are used, always have
current flowing in the same direction. The sym-
bols (B+) and (B—) indicate connections to the
opposite terminals of a suitable battery or other
direct current source which has a central or in-
termediate tap designated (CN); and the circuits
with which these symbols are used, may have cur-
rent flowing in one direction or the other de-
pending upon the particular terminal used in
combination with the intermediate tap (CN).

All of the operations of this communication

system (as shown) are performed by relays, pref-

erably of the tractive armature type. Certain of
these relays, such as the line relays L, are of the
three position biased to neutral polarized type.
‘When such a polar relay is energized, its armature
is shifted from its biased-to-neutral deenergized
position to an operated position, in one direction
or the other, according to the polarity of the cur-
rent supplied to the windings of the relay. The
contacts of these three position -polar relays are
shown conventionally, and for convenience it is
assumed that the confact fingers of these relays
are moved to the right by the application of posi-
tive current, and to the left by application of
negative current, when the left hand terminals
of these relays are taken as the points of appli-
cation.

3

Certain other of the relays, employed through-~
out the system, are of the two. position polar
magnetic stick type, the armature of each relay
being held by the magnetic attraction -of the
permanent magnet incorporated within the relay,
in the position t¢ which the armature was actu-
ated upon the last energization of the windings
of the relay. The contact fingers of these two
position polar relays are similarly conventionally
shown, and are also assumed to be moved to the
right by an application of positive current and to
the left by an application of negative current,
when the left hand terminals of these relays are
taken as the points of application.

The various other relays employed throughout
the system and shown conventionally, are pref-
erably of the neutral armature type commonly
used in telephone practice. Some of these relays
require two independent windings; and some need

slow releasing characteristics, which is obtained %'

in the usual manner by the provision of short cir-
cuit windings. It is to be understood that all of
the relays are of course constructed in accord-
ance with recognized practice to have the neces-

sary operating characteristics, quick operation of o:

all the relays except the slow releasing relays be-
ing desirable to increase the speed of operation
of the system. The slow releasing relays have
been conventionally desighated .by heavy base

lines, although such designhation merely indicates 7

a relative degree of speed of operation with re-
spect to the other relays employed in the system.

Both at the control office and at the field sta-
tions certain code jumpers have been illustrated
as full line connections between two terminals,
when they are connected in active positions
placing positive potential (4) on the associated
buses; while certain others of these code jumpers
have been illustrated as dotfed line connections
between two terminals, when they are connected
or located in inacftive positions, so as to leave
the associated buses deenergized.

The conirol office equipment —The equipment
for the control office comprises a suitable con-
trol machine which is provided with manually
operable levers, indicating lamps, indicating bells,
track diagrams, automatic recorders, and various
other devices which may be employed to advan-
tage, so as to enable the operator by simple
manipulation to control the switches, signals, or
other traffic controlling devices of the system at
the various field stations, and also have before
him such information of the response of these
traffic controlling devices, and of the occupied

or unoccupied coundition of the various track ;

sections, as will make possible the most efficient
movement of traffic. -

Neither all of the parts, nor a specific arrange~
ment of the parts of the control machine have
been shown; but certain control levers, relays,
indicating lamps, and various electrical con-
nections therefor, have been shown diagram-
matically as typical or representative of what
can be suitably employed in a confrol machine
in accordance with the communication system
of the present invention.

In the diagrammatic arrangement shown (see
Fig. 1A), a control lever SML, movakle to either
of ‘two positions, and operating contacts {8 and
i1, is illustrated for the control of a single track
switch. - Similarly, a signal control lever SGL,
movable to any one of three different positions,
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and operating contacts 12, 13 and (4, is illustrated -

for controlling the clearing of the signals and
the direction of traffic over a single track switch.
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These two confrol levers SML and SGL are rep-
resentative or typical of those used for other
switches and signals, or other similar traffic con-
trolling devices. . - .

For each field station, a cut-out control lever
COL, movable to either of two -positions, and
operating contacts 15 and 18§, is illustrated for
governing the corresponding field station to pre-
vent or allow that station to initiate the system
and transmit  indications, as may be desired.
Such station cut-out control levers COL may be
located on the control panel adjacent the switch
and signal control levers (as shown), so as to
be easily manipulated by the operator; or may
be located on a separate panel adjacent certain
associated relay cabinets, so as to be operated
only by a maintainer in the event that a station
for one reason or another falsely monopolizes the
message circuit.

Although levers have been shown for the con-
trol of their respective contacts, other similar
mechanical means, such for example, as knobs,
dials, push buttons or the like, may be employed
for the control of contacts:for accomplishing
similay purposes as.those illustrated.

A miniature track diagram, corresponding with
the actual track lay-out in the territory under
the supervision of .the operator, is preferably
made a part of the conirol machine, and posi-
tioned directly over the control levers. As rep-
resentative of such a track diagram, there is in-
dicated in Fig. 1A, a single miniature track switch
ts which is intended to represent the actual track
switeh TS in the field. It is desirable that the
control levers associated with each of the switches
may be so positioned with respect to the minia-
ture switches on the track diagram, as to make
it easily understood te which switch they belong.

Small indicator lamps of the telephone switch
board type, suitably disposed on this track dia-
gram, are lighted to indicate the presence of a
train on a corresponding portion of the track.
As illustrative of such indication means, the in-
dicagor lamp I is shown controlled in accordance
with the occupancy of a detector track section
located adjacent the track switch TS shown in
Fig. 2B. This indicator I is controiled by an
indicating relay IR! which is in turn controiled
through the medium of the communication sys-
tem, as hereinafter described.

The positions of the switches in fthe field,
whether the signals associated with such switches
indicate clear or stop, and various other annun-
ciator indications (not illustrated), are also pref-
erably provided for the purpose of informing the
operator as to the conditions existing in the
territory under his control. . Such additional in-
dications may be controlled by indicating relays
IR2 and IR3, and such other similar indicating
relays as may be necessary to be provided for
the number and nature of the indications de-
sired.

As heretofore pointed out, the communication
system of the present invention is of the duplex
coded type where a given number of controls
and/or indications are transmitted during each
operating cycle. Due to the uneven distribution
of switches, signals and the like, in the super-
vised territory, one field station may have a
greater number of controls and/or indications
than can be conveniently fransmitted during one
cycle. The controls and indications at such a
field station are divided into groups, each such
group including the number of controls or indi-
cations which the system can transmit during
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any one-cycle: ' Thus, any particular fleld sta-
tion may include a single group of .controls and/or
a single group of indications, or a plurality of
such groups, any one of which may be trans-
mitted during a single operating cycle.

Those control levers, which determine the con-
trols of a particular group, together with a stor-
ing relay SR, a code determining relay CD and
a code determining repeater relay CDR, may be
said to comprise the code and control determin-
ing means for that group. In other words, there
is a bank of relays SR, relays CD and relays CDR;
shown as relays SR!, SR?, SR3; CD!, CD? CD3;
and CDR?!, CDR?, CDR3; with the relays having
corresponding exponents comprising the relays
for each group of controls irrespective of whether
such group is one of a plurality of similar groups,
or the only group associated with a particular
field station.

Each storing relay SR has a stick circuit nor- ¢

mally energized through contacts on the centrol
levers of the corresponding group. The move-
ment of any control lever of a particular group
momentarily opens the stick circuit of its corre-

sponding storing relay, thereby causing it to be »

deenergized, in which condition it remains until
the code call for the corresponding group has
been transmitted.

The code selecting or code determining relays
CD are arranged in a bank with interlocked cir-
cuits connécting them to their respective storing
relay SR, so that only one of these code deter-
mining relays CD may be energized at a time,
irrespective of the number of storing relays
which may be deenergized as the result of the
operation. of several control levers of diifferent
groups. These code determining relays CD with
their corresponding repeating relays CDR, when
energized one at a time, connect a. plurality of
control buses 401, 402, 403, 404, 485, 406, 437,
498, 469, 410, 411 and 412 respectively to the code
jumpers and control lever contacts of the corre-
sponding groups, to thereby condition the sys-
tem for the transmission of code calls and con-
trols, in a manner more fully explained herein-
after.

The system is arranged so that each cut-out
control lever COL may be employed to suppress
the associated field station as a whole rather
than a particular group of that station, although
such individual group suppression might be em-
ployed by slight modification. of the circuits. The
movement of a particular cut-out control lever
COL must result in the selection of the corre-
sponding field station in order to transmit the
cut-out control to that station. Although the
embodiment of the present invention illustrates
the manner in which a particular cut-out con-
trol lever is associated with a particular group
of g field station in order to cbtain the necessary
initiation of the system and selection of that sta-
tion, such cut-out control lever could be provided
with its own distinctive group code call. In Fig.
1A, the lever COL is shown as having a contact
{6 in the normally closed stick circuit of the stor-
ing relay SR, thereby associating that cut-out
control lever with the first group for the station
shown in Figs. 2A and 2B insofar as the initiation
of the system and the first transmission of the
cut-out control is concerned; while the contact
corresponding to contact 437 of the code deter-
mining relay CDR! for this and each other group
of that station connects the control bus 488
to the contact .15, so the proper cut-out control
is maintained for each selection of that station.
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The control office equipment also includes a
bank of station registering or decoding relays
(see Fig. 1B), which are responsive to the code
calls, communicated to the control office over the
message circuit, of stations having new indica-
tions to transmit, such stations being registered
or identified one at a time on this bank of sta-
tionregisteringrelays. In the particular arrange-
ment shown, this station registering bank of re-
lays comprises a bank of pilot relays PT!, PT2,
PT3, PT* and PT5, and a bank of station relays
C, C?, C3, etc., one for each station, the arrange-
ment of relays shown being applicable for thirty-
one stations, but being capable of expansion to
provide for any desired number of stations. The
particular arrangement = shown provides for
thirty-two code calls, but the thirty-second is not
assigned -to- any station for reasons pointed out
in the pending application of N. D. Preston et al,
Ser. No. 455,304, filed May 24, 1930, now U. S.
Letters Patent 2,129,183 granted Sept. 6, 1938,

Although only the station relays C!, C2, C3,
ete., to C8 have been shown having circuits se-
lected through contacts on the pilot relays PT, it
is to be understood that. the succeeding relays
C9, C10, CU, efec., to C3! are similarly connected,

such connections being merely indicated for the’

sake of simplicity. Also, each of the relays C
is provided with a repeater relay CR, shown as
relays CR!, CR?, etc.. to CR3L. A station stick
relay STS is provided to maintain energized the
particular selected station relay C for each cycle
of operation in which the corresponding station
is registered in the control office.

A bank of group selecting pilot relays GS is
employed to register the code call of the particu-
lar group trahsmitting from the particular station
which is registered for that cycle of operation by
the station registering relays C. The embodi-
ment of the present invention utilizes three steps
for group registration, upon which the group se-
lecting relays GS!, GS? and GS? are respectively
controlled. 'This arrangement is applicable for
a maximum number of eight ‘groups of indica-
tions for each station, but the same principles of
arrangement may be exténded for as many steps
as récessary to "provide the desired number of
groups.

Associated with each stat1on reglstermg relay
C is a bank of indication group relays IG, one
for each group of the corresponding station,
shown as the relays IG!, IG2, ete., to IG8 for the
stations relay C3. These relays IG are connected
to their respective indication group selecting
buses 501, 5062, 503, 504, 505, 506, 587 and 508
through front contacts of their corresponding sta-
tion repeating relays CR when the corresponding
field station has been registered. Thus, one indi-
cation group relay IG for the station registered
is energized in accordance with the group code
call registered by the relay GS. This selected in-
dication group relay IG is maintained energized
for that cycle by an indication group stick re-
lay IGS.

Each indication group relay IG has associated
therewith a bank of indication storing relavs TR
of the polar magnetic stick type. FEech such bhank
of relays includes a number of relays equal to the
number of indications to be transmitted by the
The
indication storing relavs IR of each such bank
are connected to the indication buses 609. 610
and 611, one bank for each cycle, through front
contacts of the corresponding indication group
relays IG and front contacts of the correspond-
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ing station:relay C. Illustrative of such a bank,
indication relays IR!, IR? and IR3 are shown as-
sociated with the relay IG3, which relays are re-
spectively controlled: in accordance with track
circuit conditions, -signals clear or stop, and
switch position -of the corresponding traffic con-
trolling devices shown in Fig. 2B.

These relays PT, GS and IR are energized or
left deenergized on each step during a cycle of
operation in which they are to be controlled, in
accordance with the particular polarity applied
to-each over their respective indication buses 601,
602, 603, 604, 605, 606, 607, 608, 609, 610 and 611.

The control office equipment also includes a
suitable number of counting or stepping relays,
arranged in. a bank and energized sequentially
one at a time by the impulses applied to the step-
ping-circuit. - 'These stepping relays count off the
steps durving each operating cyecle of the system.
Although relays have been shown employed for
this purpose, any : other suitable step-by-step
mechanism could be used. ' In the particular ar-
rangement ‘shown, providing for five station: se=
lecting steps, one transfer step, three group se-
lecting steps -and three control and indication
steps, there are twelve relays a, b, ¢, d, etc., in-
cluding a last step relay LS. It is to be under—
stood that this is only one arrangement, and that
the number of stepping relays would be chosen

In practice to fit the number of stéps required 4

for selection of the stations, and the number of
control and indication steps required for the vari~
ous individual station, as well as the number of
steps required for selection of the giroups of con-
trols and indications for each station.

An extra step relay ES is associated with the
last step relay LS in-a manner to cause the relay
LS to be deenergized on the last step prior to the
advent of the system. into the period of blank.

The control office equipment also includes suit-
able means for. applying impulses of a selected
positive -or negative polarity at the proper time
spaced. intervals, to the stepping: circuit. Al-
though some other suitable means might be em-
ployed. for -this purpose, an impulsing relay IM
is provided to operate in conjunction  with the
stepping relays in the control office, the line relay
L¢ and. the half step relay HS® in a manner to
provide impulses time spaced in accordance with
the actual response of the system. -

The polarity - of each impulse applied to the

stepping. circuit is determined by a polarity se-.

lecting relay PS, which is in turn controlled by a
code sending. relay CS. This code sending relay
CS is energized or deenergized on the successive
steps by the code jumpers associated with the
particular code selecting relay CD (with its re-
peater CDR) then energized, and by the posi-
tions of the associated control levers SMI, SGIL:
and COL, in a manner more fully explained here-~
inafter.

The control office equipment further includes
relays ST and CC. for stopping and starting the
system, a quick acting line repeater relay LRY,
a slow acting line repeater relay SIS, a half step
relay HS? and various bus wires and connec-
tions discussed more fully in connection with the

operation of the system.

Included within the control ofﬁce equipment
are three indicator lamps 17, 18 and 19, which
are associated with the relays 1.9, CS and M? re~
spectively, in a manner that the operator may as-
certain whether or not the system is in operation
causing steps to be taken, whether the system is
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responsive to controls, and whether the system
is transmitting indications.

Field station equipment.—A field station com-
prises a number of traffic controlling devices to-
gether with the equipment necessary to estab-
lish communication between that field station
and the control office. The number and type of
traffic controlling devices at the various field sta-
tions of the system may vary, so that any particu-
lar station may include a single group of con-
trols and/or a single group of indications, or &
plurality of such groups arranged in various
combinations.

A field station having a plurality of control
groups and a plurality of indication groups has’
been chosen as representative of every other com-
bination, and is illustrated in Figs. 2A and 2B of
the accompanying drawings. The equipment, for
such a field station, necessary to establish com-
munication between that station and the con-
trol office comprises, station selecting apparatus,
control group selecting apparatus, indication
group selecting‘apparatus and the trafflc control-
ling devices associated with each group.

The station selecting apparatus for each sta-
tion includes the same arrangement of relays,
the several stations differing from each other
merely in certain station code jumpers or con-
nections which are set to fit the code call as-
signed to the particular field station location.
This station selecting apparatus is preferably ar-
ranged in a unit cabinet, so as to be quickly re-
placed by another unit in the event that a par-
ticular unit fails to properly respond.

This station selecting apparatus (see Fig. 2A)
includes for each field station, in addition to the
line relay I, and message relay M already pointed
out, a quick-acting line repeating relay LR, and
a slow-acting line repeating relay SL, these re-
lays being energized whenever the line relay L
is energized with current of either polarity.

An impulse storing relay IS, of the polar mag-
netic stick type, is arranged to be energized with
positive or negative polarity depending upon the
polarity with which the line relay L is energized,
to thereby store the impulses placed upon the
stepping circuit subsequent to the deenergization
thereof. -

"Each field station selecting apparatus includes
a bank of stepping or counting relays, energized
sequentially one at a time, upon the successive
energizations of the stepping circuit irrespective
of the polarity of such energizations, and oper-
ated in synchronism with the stepping relays
at the control office and at each of the other sta-
tions. 'The arrangement shown provides six such
stepping relays 1, 2, 3, 4, 5 and 6, the number of
these relays depending upon the number of steps
required for the particular embodiment of the
present invention. The particular embodiment
illustrated, employs only six stepping relays at
each station, although twelve steps-are necessary
for each cycle, by reason of the fact that each
such bank of stepping relays is-caused to op-
erate through the.second time for each. cycle
of operation in which the corresponding station
equipment is selected. . Each bank of stepping re-
lays is caused to be responsive to energizations of
the stepping line, irrespective of the polarity, by
reason of its control through the neutral line
repeating relay LR together with a half step relay
HS which is of the two position polar magnetic
stick type.

The repeat operation of the stepping relay
bank at each station is accomplished by a trans-
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fer relay TR and a transfer repeater relay TRR
which relays are energized whenever the station
is selected to receive controls and/or transmit in-
dications.

The station selecting apparatus for each sta-
tion further includes two station selecting relays,
one relay -SO for selecting the station for the
transmission of outgoing controls from the con-
trol office, and the other relay SI for selecting the
station when it is registered or identified in the
control office for transmitting its indications:
These selecting relays SO and SI- are either
selected or dropped out by the code calls trans-
mitted over the stepping and message circuits re-
spectively by comparison of these transmitted
code calls with the code call arbitrarily assigned
to the station. : ’

The pulsing relay P and a pulsing repeater
relay PR are suitably governed on €ach step in

accordance with code jumpers of the correspond= 4

ing selécting steps and in accordance with the
indications of the station upon the corresponding
indication transmitting steps. ‘

The station selecting apparatus also includes

a change storing relay CHS, which is suitably en=
ergized whenever new indications are present at
the corresponding field station ready to be trans-
titted to the control office, and a station cut-out
relay COR controlled by the operator for pre-
venting that station from transmitting indi-
cations to the control office. . :
- The control group selecting apparatus is also
preferably arranged in a unit cabinet suitably
connected with the station selecting unit and the
associated traffic controlling devices, so as to be
readily detached. ’ :

The control group selecting apparatus (see
Fig. 2B) includes a number of group selecting
pilot relays G governed on the corresponding

group selecting steps in a manner to select the ¢

proper control group relay CG after the com-
pletion of the transmission of the corresponding
group code call.  For the field station illustrated,
the ‘control group selecting equipment includes
group selécting pilot relays G, G2:and G3, con~
trol group relays CG!, CG?, CG3, CG4; CGS, e
and CG#, which arrangement:is merely illustra-
tive of that organization which might be used,
and is made to correspond with the arrangement
of group registering relays in the control office.
The control group relays CG have associated
tHerewith, a control group stick relay CGS which
is energized after the completion of each group
code call to maintain the selected control group
relay CG energized for the remainder of the op-
erating cycle.

Tach control group relay CG has associated
therewith a number of function relays which are
connected through front contacts of that control
group relay to the respective control buses, but
for the sake of simplicity, the function relays
have been shown only for the first control group
of the field station illustrated. ~Although these
relays have been specifically shown as 2a switch

machine function relay SMR, a signal relay SGR ¢

and a direction relay DR associated with the con-
trol group relay CG! and employed for controlling
the track switch TS and its associated signals, it
is to e understood that other similar relays in
the same or other groups may be employed for
the same or other purposes.

The indication group selecting apparatus is
also preferably arranged in a unit cabinet suitably
connected with the station selecting unit and the
associated traffic controlling devices, so as to be
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readily detached. This indication group select-
ing equipment includes a change relay CH for
each group, shown as relays CH!, CH? and CHS3,
and a group determining relay GD for each
group, shown as relays GD?, GD? and GD3. These
relays CH and GD are arranged in a bank with
interlocked circuits so organized, that only one
of the group determining relays GD may be en-
ergized at a. time, irrespective of the number of
change relays CH which may be deenergized. In
cther words, each change relay CH is associated
with the traffic controlling devices of its cor-
responding group in a manner that when a new
indication is present in such group, this change
relay CH is deenergized, which in turn energizes
the corresponding group determining relay GD
if no other group determining relay GD is en~
ergized, and the system is in the period of blank.

Ilustrative of the indications which may be ar-

- ranged to comprise a single group, the devices,

asscciated with the frack switch TS which. are
indicated in the control office, have been shown
as including, a track relay T associated with a
detector track section TK adjacent the track
switch TS, a signal relay SIG associated with the
signals adjacent the track switch TS in a manner
to be energized whenever all of the associated
signals-are at stop, and a switch position repeat-
ing relay WP of the polar-neutral type, which is
energized with one polarity or the other in ac-
dance with the extreme. locked position of the

srack switch TS. Associated.with each track re-

lay T is a corresponding track storing relay STR

employed for purposes hereinafter pointed out.

The track switch TS is shown as associated

with the first group of this field station, and is
provided with a suitable switch machine SM,
such as-disclosed for example; in the patent to
W. K. Howe, No. 1,466,903, dated September 4;

» 1823, Such a switch machine SM is supplied with

operating cuwrrent from a local battery and is
vreferably equipped with a dual control selector
permitting hand operation of the switch points
as disclosed in the application of W. K. Howe,

w1 Ser. No. 354,039, filed April 10, 1929, now U. S.

Letiers Patent 1,852,573 granted April 5, 1932,
The oneration of each such switch machine SM is
controlled by its corresponding fuhction control
relay SMR which relay is of -the two position

i polar magnetic stick type, its energization being

under the control of the operator through' the

medium of the communication system of this in-

vention. ) o
Hach track switch is provided: with suitable sig-

#3 nals, such for example, as those shown for the

(e

track switch TS. The signals SE! and SW! are
provided to govern east and west main line move-
ments respectively, and signals SE2 and SW?2 are

provided to govern diverging route movements in
: east and west directions, respectively. - These sig-

nals ars governed. by their associated track cir-
cuits, the position cf the associated switch points,
subject to the supervisory contrel of the oper-
ator, through the medium of their corresponding

5 function control relays SGR and DR.. The con-

frol ecircuits for the signals have not been shown,
buf it is to be understood that they may be of any
suitable type employed in practice, such for ex-
ample as in the above referred to application of
S. N. Wight, Ser. No. 120,423 filed July 3, 1926,
now U. 8. Letters Patent 2,082,436 granted June
1, 1937.

Although the first control group and the third
indication group are the only groups of this sta-
tion which have been illustrated in detail, it is to

7

be understood that each of the other groups of
this station is similar and has associated there-
with track switches controlled through suitable
function relays in a manner which may be un-
derstood by analogy to the particular groups
llustrated. It is also to be understood, that the
track switches thus controlled, may be arranged
in various track lay-outs, and that the controls

‘and indications associated therewith may  be

grouped in any desired manner to most expe-
diently meet the requirements of practice.
Besides: the various relays and devices, each
station includes a plurality of control buses 78I,
702, 7083, 704, 105 and 105, a plurality of indica-

ticn buses 801, 862, 803, 804, 805 and 806, and 3

various other wiring connections. Also, the
varicus relays, devices, buses, connections and
the like, are either suitably arranged in unit
cabinets as described or are housed in any cther

suitable manner to best meet practical needs, and ¢

are provided with terminal boards, lightning pro-
tection and such other means as may be neces-
sary to meet standard signal engineering require-
ments.

It is believed that other’characteristic features
and functions of the system of the present in-
vention will be best made apparent by consider~
ing the operation of the system under various
conditions.

Operation of the system

The general scheme of operation of the system
taken as a whole, will be briefly outlined before
discussing in detail the various steps which may
occur in the operation thereof.

Although the system could be operating con-
tinuously, it is preferably arranged (as shown),
s0 as to be normally at rest when no controls are
to be transmitted from the control office and
no indications are ready for transmission from
any of the several field stations. The relays.and
circuits are shown in the drawings in the posi-
tions assumed, when the system is in its normal
at-rest condition, the stepping circuit being de-
energized, and the message circuit being steadily
energized.

When the system is at rest, or in a period of
blank, it may be set into operation. from the
control office for the transmission of new con-

trols to any particular field station, or it may be r-

initiated into operation automstically at any
field station having new indications to transmit
to the control office. When the system is thus
set into operation either manually cr automati-

cally, the system operates through what is con- :

veniently termed a cycle of operation and then
returns to an at-rest condition.

Each operation cycle of the system is divided
into twe parts, namely, a selecting part and a
transmitting or communicating part. The se-
lecting part of the cycle includes the transmis-
sion ef the sfation and group code calls to gelect
a particular group of controls or- indications
within the particular station with which com-
munication is fo be held; while the second part
ef the operating cycle is the part in which the
actual communication is held between the control
office and the particular grour of controls or
indications selected during the first part of that
cycle.

I describing the operation of the system in
detail, it is convenient to discuss the several steps
individually under separate heads, first explain-
ing the operation of the system for the trans-
mission of controls from the control office, then
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the operation of the system for the transmission
of indications.

Although the embodiment of the present in-
vention includes the features of two-way trans-
mission, superiority of code, and various other
features of a selective coded duplex type system,
as disclosed in the above referred to application
Ser. No. 455,304, these features will be explained
only in sufficient detail to point out their relation
and application to the devices, features and func-
tions included within the present invention.

Manual starting.—With the system at rest, the
operator may transmit controls to any group of
controls for a particular station, which he may
desire, by positioning the control levers corre-
sponding to the particular traffic controlling de-
vieces which he desires to control.

For the present, the provisions made for calling
the fieid stations and groups of controls for such
stations, one at a time in a predetermined crder,
in case one or more control levers of -different
groups of the same or different stations are actu-
ated simultaneously or in rapid succession, will
nct be explained; but rather the movement of
control levers for only one group of controls for
a, particular station will be considered.

Tn the control machine illustrated (sece Fig.
1A), the control levers SML, SGL and COL are
assceiated with the first group of controls for the
particular field station shown in Figs. 24 and 2B,
by reason of their association with the relays
SR, CD! and CDR!, which, in combination with
certain code jumpers, determine the proper code
calls for the selection of that station and that
particular group of controls of the station.

The actuation of any control lever of a particu~
lar group of levers from one position to another,
momentarily opens the stick circuit of the cor-
responding storing relay SR. The relays SR are
made sufficiently quick acting so that their con-
tacts will assume deenergized positions, if their
stick circuits are opened for an inferval of time
equal to the shortest time in which the contacts
of the associated levers may be moved from one
position to another.

Tor example, the stick circuit for the relay SR?
is traced from (<), through contact 16 of lever
COL in either extreme position, contact 12 of
iever SGL in any one of its three positions, con-
tact 19 of lever SML in either extreme position,
front contact 29 of relay SR!, lower winding of
relay SR1, to (—). -

Tf the operator moves any one or all of the
levers SML, SGL and COL to new positions, the
stick circuit for the relay SR! is momentarily
opened until the levers have assumed their new
positions, which is sufficient to cause the contacts
of this storing relay to assume deenergized posi-
tions.

With a storing relay, such as SR!, deenergized,
the corresponding code determining relay, such
as CD1, is energized through a circuit which is
closed only with the system in an at rest normal
condition, This pick-up circuit for the relay CD!
is traced from (4), through back contact 21 of
the last stepping relay LS, back contact 22 of the
relay ES, wires 23 and 24, back contact 25 of
cycle controlling relay CC, wire 26, back contact
27 of relay ST, wire 28, front contact 29 of stor-
ing relay SR3, wire 30, front contact 3{ of storing
relay SR?, wire 32, back contact 32 of storing re-
lay SR!, upper winding of relay CD!, to (—).

The relay CD! is maintained energized through
a stick circuit from (4), through back contact 21
of stepping relay LS, back contact 22 of relay

2,170,141

ES, wires 23, 34, 35 and 3§, front contact 37 of
relay CD}, lower winding of relay CD!, to (—=).
The relay CD! is maintained energized by this
stick ecircuit until the end of the operating cycle
upon which it effectively causes the code calls
and controls associated therewith to be trans-
mitted.

When the relay CD! is energized, it picks up
its repeating relay CDR! through front contact
38 included in a circuit obvious from the draw-
ings. Also, with the code determining relay CD!
energized, a circuit for energizing the starting
relay ST is. closed from (4), back contact 38 of
relay SL®, wire 40, winding of relay ST, wires
44, 42 and 43, front contact 44 of relay CD1,
to (—=). -

The starting relay ST closes a pick-up cir--

cuit for the cycle controlling relay CC from (4),
through front contact 85 of relay ST, wires 46
and 41, winding of relay CC, to (—). The cycle
controlling relay CC is maintained energized
throughout the cycle of operation, thus initiated,
by a stick circuit closed from. (+), through back
contact 21 of stepping relay LS, back confact 22
of relay ES, wires 23 and 24, front contact 25
of cycle controlling relay CC, wires 48 and 41,
windings of relay CC, to (—).

The energization of the cycle controlling re-
lay CC immediately starts the system into opera-
tion by placing the first impulse upon the stepping
cireuit. However, before considering the manner
in. which the stepping circuit receives its suc-
cessive impulses, it is convenient to consider how
the polarity of these impulses is determined or
selected in accordance with the code of the sta-
tion to be selected, the code of the group to be
selected and the controls to be transmitted.

Polarity selection of stepping impulses—The
communication system of this invention is pro-
vided with suitable means for energizing the step-
ping circuit with direct current impulses of either
positive or negative polarity, the particular
polarity applied being predetermined in accord-
ance with the code calls and controls to be trans-
mitted during the respective parts of the operat-
ing cycle.

‘The polarity selecting relay PS pole changes the
impulses applied to the stepping circuit as sup-
plied by the impulsing means from battery BT

This relay PS is of the two position polar mag- :

netic stick type, having-its contacts actuated to
right or left hand positions by reason of the
polarity of potential applied to its windings with
the relay CS deenergized or energized respec-
tively. Negative impulses are applied to the step-
ping circuit with contacts 49 and 50 of this relay
PS in right hand positions; while positive im-
pulses are applied to the stepping circuit with
contacts 4% and 58 in left hand positions.

With the relay CS deenergized or energized,
(B—) or (B4) are respectively placed upon the
relay PS during the deenergized condition of the
stepping circuit (message or execution period of
each step) through & circuit including back or
front contact 51 of relay CS respectively, wire 52,
back contact 53 of relay LR?, wire 54, winding
of relay PS, to (CN).

The code sending relay CS is energized or left
deenergized upon each step, to select the de-
sired polarity of the impulse for the next step,
in accordance with the energized or deenergized
condition of the respective control buses 401, 402,
403, 404, 405, 406, 407, 408, 409, 410, 411 and 412.
When the system is at rest, for example, the re-
lay CS is connected from (—), through winding
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of relay CS, wire 55, to the control bus 401

through the back contacts of all of the stepping

relays a, b, ¢, ete., and LS, so that the relay CS
may be energized or left deenergized during the

period of blank in accordance with the energized -

or deenergized condition of this code bus. Thus,
the polarity of the first stepping impulse may be
determined by the energization or deenergization
of this control bus 491 prior to the actual re-
sponse -of the system. to initiation.

When the first impulse is applied to the step-
ping circuit, the stepping relay ¢ is picked up,
irrespective of the polarity of this first impulse,
in a manner later to be explained, and this con-
nects the relay CS through front contact 10 of
stepping relay a to the control bus 402. If this
bus is energized, the next or second impulse ap-
plied to the stepping circuit will be positive; while,
if the control bus 402 is left deenergized, the
second stepping impulse will be negative.

When the second impulse is applied to the
stepping circuit, the stepping relay b is picked up
and ‘the stepping relay a drops, irrespective of
the polarity of the second impulse, which con-
nects the relay CS to the control bus 483 through
back contact T0-of relay a and front contact Ti
of relay b.

In the same manner as explained for the con-
trol buses 401 and 492, the code sending relay CS
is connected to the remaining control buses upon
the successive steps, and depending upon whether
these buses are energized or deenergized, the code
sending relay CS is energized or left deenergized
thereby determining whether the stepping im-~
pbulses shall be positive or negative.

The contrel buses are selectively energized or
deenergized, to provide the desired code calls and
controls. In the embodiment of the present in-
vention, the control buses 401, 402, 483, 404 and
485 are controlled in accordance with the code
call jumpers of a. particular station for each cycie
through front contacts of the code determining
relay CD corresponding to that station; the con-
trol bus 486 is controlled in accordance with the
cut-out lever of a particular station for each
cycle through front contacts of the correspond-
ing code determining repeater relays CDR of the
corresponding station; the control buses 407, 408
and 489 are confrolled in accordance with the
code call of the particular group of controls for
the station through front contacts of the corre-
sponding code determining repeating relay CDR;
and the control buses 410, 41{ and 412 are con-
trolled in accordance with the control levers of
the corresponding group of conirols through
Iront contacts of the corresponding code de-
termining repeater relay CDR.

In the arrangement shown, providing for five
station selecting steps, one transfer step, three
group selecting steps and three control steps,
twelve control buses are necessary; but it should
be understood that arrangements of code buses,
similarly controlled by contacts of similar step-
ping relays could he provided for various other
arrangements of code calls and controls.

As the impulsing means, for applying a series
of time spaced impulses of selected polarity to
the stepping cireuit, includes the operation of the
stepping relay bank in the control office to there-
by regulate the time spacing of the impulses in
accordance with the actual response of the sys-
tem, an understanding of the operation of the
stepping relay banks is necessary before consid-
ering how the series of impulses is actually ap-
plied to the stepping circuit. .

9

Operation of stepping relay bank—The step-
by-step means at the -control office and at each
field station comprises, a number of neutral re-
lays forming a stepping relay bank, together with
a half step polar magnetic stick type relay. The
application of a series of impulses to the stepping
circuit causes the stepping relays of each bank
to sequentially cperate in synchronism with the
stepping relays of every other such bank, irre-
spective of the polarity of the impulses.

Assuming for the present that a series of time
spaced impulses of selected polarity can be suit-
ably applied to the stepping circuit with the first
impulse of relatively long duration to mark the
beginning of the series or cycle, in a manner
later to be explained, we will consider the oper-
ation of the stepping relay bank with more spe-
cific reference to the relay bank of Fig. 2A, as
the operation of this bank is typical of all others.

With the system normally at rest, or in the
period of blank, the half step relay HS is ener-
gized with positive potential from (B—), through
back contacts 56, 57, 58, 59, 60 and 61 on the
stepping relays 6, 5, 4, 3, 2 and 1 respectively,

‘winding of relay HS, back contact 62 of relay :
Thus, whenever the system is at
-rest, the relay HS is always returned to its nor-

LR, to (CN).

mal position in readiness for initiation of the

~system into a cycle of operation.

The line relay L, included in the stepplng cir-
cuit, is of the three position biased-to-neutral
polar type relay, which actuates its contacts to

‘one extreme position or the other in accordance

with the polarity of the impulse applied to the
stepping circuit, but irrespective of the position
to which the contacts of the relay L are oper-
ated, the relays SL and LR are energized in se-
ries, as obvious from the drawings (see Fig. 2A).
The application of the first impulse to the
stepping circuit results in the energization of the
quick acting line repeating relay LR with the
slow acting line repeating relay SL responding
to this impulse a short time thereafter. This
closes a pick-up circuit for the stepping relay |
from (4), through polar contact 62 of relay HS
in a right hand position, wire 64, front contact 65
of relay LR, wire G, back contact 67 of relay SI,
wires 68 and 69, lower winding of stepping relay
I, back contact 72 of stepping relay 2, to (—).
Upon the energization of the relay SIL, this
bick-up circuit of the stepping relay | is opened
at back contact 67, hut its stick circuit is com-
pleted from (), through front contact 713 of
relay SL, wires 74, 15 and 76, front contact 77
of stepping relay I, upper winding of stepping
relay 1, back contact 12 of stepping relay 2, to
(—). This arrangement requires that the con-
tact 18 of relay SL preferably be made before
back contact §7 is opened.
The energization of the stepping relay | closes
a-pick-up circuit for the stepping relay 2 through
front contact 718, but as the same polarity is ap-
plied to both terminals of the lower winding of
the stepping relay 2, it remains deenergized.
Upon the deenergization of the stepping cir-
cuit, the relay LR is deenergized, closing a circuit
from (B+4), through front contact 61 of stepping
relay 1, winding of relay HS, back contact 62 of
relay LR, to (CN). This reversal of polarity up-
on-the relay HS, causes it to actuate its confact
63 to the left hand dotted line position, in readi-
ness for applying suitable polarity to the lower
winding of the stepping relay 2 to accomplish its
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energization as soon as the relay LR is again en-
ergized closing front contact 65.

Upon the application of the next impulse to
the stepping circuit, the relay LR is again ener-
gized, the slow acting relay SL of course remain-
ing energized between the successive impulses,
the pick-up cireuit for the stepping relay 2 is
closed from (—), through polar contact 63 of
relay HS in a left hand position, wire 84, front
contact 65 of relay LR, wire 88, front contact 67
of relay SL, wires 19 and 80, front contact 78 of
stepping relay {, lower winding of stepping relay
2, back contact 8{ of stepping relay 3, wires 82,
83, 15 and 74, front contact 13 of relay SI,
to (+). :

This energization of the stepping relay 2, opens
the stick circuit of stepping relay i, at back con-
tact 72, and closes its own stick circuit from (-,
through front contact 12, upper winding of relay
2, back contact 81 of stepping relay 3, wires 82,
83, 75 and 74, front contact T3 of relay SL,
to ().

The energization of the stepping relay 2 also
eloses the pick-up circuit of the stepping relay 3,
but as explained for the stepping relay 2, the
same potential is applied to both terminals of
the lower winding of stepping relay 3.

‘Upon the next deenergization of the stepping

circuit, the relay LR is deenergized closing the .

energizing circuit for relay HS from B-),
through front contact 68 of stepping relay 2,
back contact 61 of stepping relay |, winding of
relay HS, back contact 62 of relay LR, fo (CN).
This actuates the polar contact 83 of relay HS
to a right hand position.

Upon the application of the next impulse to
the stepping circuit, the relay LR is energized,
the slow-acting relay SL of course remaining en-
ergized between successive impulses, and the pick-
up circuit of the stepping relay 3 is closed from
(4+), through polar contact 63 of relay HS ina
right hand position, wire &4, front contact 5% of
relay LR, wire 88, front contact €7 of relay SL,
wires 78 and 88, back contact 18 of stepping relay
{, front contact 84 of stepping relay 2, lower wind-
ing of stepping relay 3, back contact 85 of step-
ping relay 4, to (—).

The energization of the stepping relay 3 opens
the stick circuit of the stepping relay 2 at back
contact 8 and closes its own stick circuit which
may be understood by analogy to the stick cir-
cuits of stepping relays { and 2. .

Upon the next deenergization of the stepping
circuit, the relay LR is deenergized closing the
energizing circuit of the relay HS, from (B4),
front coritact 59 of stepping relay 3, back contacts
60 and 81 of stepping relays 2 and ! respectively,
winding of relay HS, back contact 62 of relay
LR, to (CN).

This operation of the stepping relays is con-
tinued from step to step for as many steps as
may be required, causing the stepping relay banks
to operate sequentially and in synchronism at the
control office and at each field station irrespec-
tive of the polarity of the impulses applied to the
stepping circuit.

Impulsing of the stepping circuit—It has been
explained, how the polarity of the impulses ap-
plied to the stepping circuit is determined or
selected in accordance with the code calls and
the controls desired to be transmitted by suitable
control of a polarity selecting relay PS provided
with pole changing contacts. Also, the opera-
tion of the stepping relays has been described.
Therefore, consideration may now be given to

2,170,141

the operation of the impulsing means for apply-
ing these impulses to the stepping circuit at the
proper time spaced intervals in accordance with
the actual response of the system.

The impulsing means is arranged to apply cur-
rent of the selected polarity to the stepping cir-
cuit for a predetermined time interval, conven-
iently termed an operating or conditioning period,
and then deenergized the stepping circuit for
another predetermined time interval, convenient-
ly termed the execution or message period. In
other words, & step may be said to comprise the
energization and deenergization of the stepping
circuit. When the systern is initiated from an
at rest condition, the first impulse is made a
long impulse with respect to the succeeding im-
pulses to mark the beginning of the operating
¢ycle; while the end of each operating cycle is
made distinctive by the relatively long interval of
time between the last impulse of one cycle and
the first impulse of the next cycle. This interval
of time between cycles of operation is convenient-
1y termed the period of blank, or at rest period.

The energization of the cycle controlling relay

CC (see Fig. 1D), in a manner above explained, ¢

causes the frst impulse of that cycle to be placed
upon the stepping circuit, with the polarity of
this impulse determined by the position of the
contacts. of relay PS. The stepping circuit is
traced, depending upon the position of relay PS,
either from the negative terminal of the battery
BT! in the control office (sgce Fig. 1D), through
front contact 88 of relay CC, wire 87, back con-
tact 88 of impulsing relay IM, wire 89, polar con-

tact 56 of relay PS in a right position, wires 80 :

and 8f, winding of line relay 19, through the
stepping and control line to the first field sta-
tion, through the line relay L at that station
(see Fig, 24), and similarly through the stepping
line and the relays at the remaining stations to
the common return line at the last station, and
thence back to the control office, wires 92 and
92, polar contact 49 of relay PS in a right hand
position, wire 84, back contact 95 of impulsing
relay IM, wire 86, front contact 97 of relay CC,
to the vositive terminal of the battery BT!; or
from the positive terminal of the battery BT,
through front contact 87 of relay CC, wire 96,
back contact 85 of impulsing relay IM, wire 924,
polar contact 49 of relay PS in 2 left hand posi-
tion, wires 98 and 81, winding of line relay L9,
thence through the stepping and control circuit
including the line relay L at each station to the
common return line at the last station, and thence
back to the control office, wire 92, polar contact
58 of relay PS in a left hand position, wire 89,
back contact 88 of relay IM, wire 87, front con-
tact 88 of relay CC, to the negative terminal of
battery BT

This application of potential to the stepping
circuit causes the polar contacts of the line relays
T, t0 be energized either to right or left hand
positions, depending upon the polarity, which in
turn causes the energization of the line repeating
relays SL and LR irrespective of the polarity ap-
plied to the stepping circuit, as heretofore ex-
plained. The stepping relays at the control office
and ai each of the field stations are thus caused
to take the first step, as previously explained.

The energization of the slow-acting line re-
peating relay SLO (see Fig. 1D), causes the de-
energization of the starting relay ST at back
contact 28 which then drops away according to
its slow-acting characteristics. With the step-
ping relay a energized and the starting relay ST
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deenergized, the impulsing relay IM receives en~
ergy through a circuit from (4), through back
contact 45 of relay ST, wire 101, polar contact
i02 of relay HS° in & right hand position, wire
108, upper winding of impulsing relay IM, wire
04, front contact 185 of stepping relay a, to (—).

This energization of the impulsing relay IM
opens the stepping circuit at back contact 88
and 95, which of course causes the deenergization
of the quick acting line repeating relays LR.

The deenergization of the relay LR? in the con-
trol office causes the half step relay HS® to as-
sume a new position, for reasons previously point-
ed out, thereby opening the energizing circuit
of the impulsing relay IM af polar contact (02
of relay HS? The deenergization of the impuls-
ing relay IM causes the stepping circuit to be
again energized with a polarity in accordance
with the position of the relay PS which relay is
also controlled while the relay LR? is deener=
gized, as previously explained.

The energization of the stepping circuit causes
the next step to be taken at the control office
and at each of the field stations. As soon as the
second. stepping relay b has responded in the
control office, an energizing circuit for the im-
pulsing relay IM is completed from (4), through
back contact 45 of relay ST, wire {81, polar con~
tact 102 of relay HS? in a left hand position, wire
106, lower winding of impulsing relay IM, wire
187, front contact 198 of stepping relay b, back
contact 185 of stepping relay a,to (—). Thisen-
ergization of the impulsing relay IM again opens
or deenergizes the stepping circuit thereby drop-
pring relay LR?S etc., and thus actuating the half
step relay HSO.

This alternate energization and deenergization
of the stepping circuit continues until the end
of the operating cycle, at which time it is de-
energized for a relatively ‘long. period of time
to mark the end of the cycle. This period of
blank may be more conveniently explained in
describing the end of the operating cycle which
will be taken up under a separate heading.

In summary, the conditioning period of the
first step (interval of time during which the
stepping circuit is energized) includes the pick-
up times of the relays L9, SL? and IM, together
with ‘the drop-away time of the relay ST, as
compared with the conditioning period of every
other step which includes the pick-up times of
relays L8, LR9, a stepping relay and the relay IM.
Thus, the conditioning period of the first step
(energization of the stepping circuit) is longer
than the remaining conditioning periods by the

difference in the pick-up time of relays SL® and

LRY together with the difference between the
drop-away time of the relay ST and the pick-up
time of any stepping relay.

The execution period of each step (interval of
time between successive impulses of a cycle dur-~
ing which the stepping circuit is deenergized) in~
cludes the drop-away time of relays Lo, LR?, IM
and the operating time of relay HSO.

Thus, a series of time-spaced impulses, with
polarities selected in accordance with the code
calls ‘and conirols to be transmitted, is placed
upon the stepping circuit causing a series of steps
to- comprise a cycle .of operation. As the im-
pulsing: means includes the step-by-step means,
the impulses of each series or cycle are there-
fore time spaced in accordance with the actual

i response of the system.

75

Sequence of station selection —It is apparent
that only-one combination of positive or nega-

11

tive impulses, constituting a code call for selec-
tion of a particular group of a particular station,
can be applied to the stepping circuit during any
one operating cycle. If it. were possible for

more than one code call to be applied to the:
same circuit at the same time, the resultant code
call would be false or mutilated in such a man-;

ner as to seléect either the wrong station or the
wrong group of a station.

The operator might be relied upon to actuate
the control levers for the several stations and
groups of such stations for controlling one group
of a particular station at a time, so as to avoid
such mutilation or interference of the code calls;
but the system of this invention provides that
the cede calls shall be automatically sent out, one
at a time on each operating cycle, regardless of
the sequence or rapidity with which the oper-
ator may manipulate the control levers on the
control machine. With such an arrangement,
the operator can devote his attention to the mak-
ing of plans for the handling of traffic and keep-
ing such records and account of the trains and
other details as may be required for the proper
operation of a railroad.

This feature of automatic determination ‘of

which code call shall be transmitted during a

particular operating cycle, is provided by: the
storing relays SR and the code determining re-
lays CD through means of interlocked circuits al-
lowing the energization of but one code deter-
mining relay CD regardiess of the number of
storing relays SR which may be deenergized as
the result of the manipulation of several con-
trol levers to new positions simultaneously or in
rapid succession.

For each group of levers, corresponding to a
particular group of controls for a particular field
station, there is a storing relay SR, a code de-
termining relay CD, and a code determining re-
peating relay CDR. The actuation of any lever,
in such a group of levers, to a new position mo-
mentarily opens the stick circuit of the corre-
sponding storing relay which remains deener-
gized, until the code calls and controls associ-
ated therewith have been insured of tra.nsmls-
sion.

While the system is at rest, or in the period of
blank, the deenergization of any storing relay SR
will pick up its corresponding code determining
relay CD providing there are no other storing

relays deenergized or code determining relays en-~

ergized. The pick-up ecircuit for any relay CD
in the bank includes'a back contact of its cor-
responding storing relay SR, and front contacts
of each storing relay to the right of it, which
prevents its energization if any of the storing
relays to the right are deenergized, With a par-
ticular relay CD energized, the relays CD to the
right thereof are prevented from picking up by
reason of their pick-up circuits including a back
contact on each of the relays CD to the left. For
example, assuming the deenergization of the

storing  relay SR? subsequent to the deenergiza~

tion and energization of the relays SR! and CD!
respectively, the pick-up circuit for the relay
CD? would . be opened at back contact 44 of re-
lay CD!.

In other words, the pick-up circuit of each

code determining relay CD in the bank includes

8 back contact of its corresponding storing re-
lay, a front contact of -each storing relay SR to
the right of it, and a back contact of each code

determining relay CD to the left of it, besides

the back contacts upon the relays LS, ES, CC

@

10

20

30

80

55

60:

65:

70

15"



10

15

20

25

30

35

40

45-

50.

56

60

65:

(i

12

and ST which serve to prevent the energization
of a code determining relay CD except during the
period of blank. -

If several of the storing relays SR are deener-
gized in rapid succession by operation of their
corresponding levers, the relay SR first to be
deenergized will pick up its corresponding relay
CD, but thereafter the other relays CD will pick
up in a sequence from right to left, as will be
evident from the study of the circuits illustrated
in Fig. 1A. As heretofore pointed out, each con~
trol and code determining means may be associ-
ated either with a station as a whole or with
a group of controls for a station. This means
that, if the operator actuates several levers si-
multaneously or in rapid succession, regardless
of whether such levers are in the same group
of levers for a particular group of controls of a
particular station or in some other group for the
same or a different station, the stations and
groups within such stations are called in an order
or sequence determined by the location of the
corresponding code determining relay CD in this
bank of interlocked relays.

Although these relays CD, as above explained,
will be energized in a sequence from right to
left, the several groups of levers may be con-
nected to the relays SR in any desired order,
thereby predetermining the order in which the
stations and groups of such stations will be se-
lected. This feature makes it unnecessary for
the operator to take count of the operating
cycles of the system in order to properly move
his levers, but rather he may move the levers
in any manner he desires and the system auto-
matically calls the stations and groups within the
stations, one at a time in a predetermined se-
quence, in accordance with the importance of
the station as originally determined in making
the connections in the interlocked bank of relays.

With only one code determining relay CD and
repeater relay CDR energized at a time, the
control buses 461, 402 and 483 and so forth,
will be respectively connected to one group of
station code jumpers, one group of group code
jumpers, and one group of control levers for any
one cycle of operation. As the code sending
relay CS is connected to the control buses 4901,
402, 403 and so forth, upon successive steps, each
impulse of the series of impulses placed upon the
stepping circuit will be of positive or negative
polarity in accordance with those station code
jumpers, group code jumpers and control levers
associated with the particular code determining
relay CD then energized for that cycle of oper-
ation.

Tor example, the energization of the code de-
termining relay CD! causes the transmission of
a series of impulses comprising a cycle of oper-
ation as follows:—(=), (=), (+), (+), (),
for the station code call; (—) for the transfer
step; (=), (=), (=) for the group code call;
and (=), (=), (=) for the controls. This of
course assumes that the levers and code jump-
ers are in the positions as shown, it being un-
derstood that one or more control levers must
be moved to new positions to initiate the system
and cause the transmission of controls, thereby
changing the polarity of the corresponding con-
trol impulses. The movement of the switch ma-
chine lever SMI. from a normal position t0 a re-
verse position, for example, energizes the relay
CD!, initiates the system, and causes the trans-
mission of station and group code call impulses

7g: together with a transfer step impulse as above

2,170,141

pointed out, and a series of control impulses now
having the polarities (—), (—), (4.

Station selection—When controls are to be
transmitted from the control office, the field sta-
tions are selected one at a time in accordance
with the combination of positive and negative
impulses applied to the stepping circuit for a
certain number of steps; while the groups of
controls within such stations are selected one at
a time in accordance with the combination of
positive and negative impulses applied to the
stepping circuit for a certain number of suc-
ceeding steps.

As above pointed out, each impulse applied to
the stepping circuit causes the step-by-step
means at the control office and at each of the
field stations to take one step, irrespective of the
polarity of these impulses. Since the polarity
of the impulse causing each step may be made
either positive or negative, a number of differ-
ent combinations of impulses may be obtained
depending upon the number of steps.

In other words, during the first or selecting
part of the operating cycle, combinations of posi-
tive and negative impulses are transmitted,
which combinations may be conveniently termed
code calls. Each one of these code calls, trans-
mitted during the selecting part of the operating
cycle, may be termed a total code call and must
be transmitted to select a particular group of
controls of a particular field station, before such
controls may be transmitted from the control
office. For convenience in discussing the select-
ing part of the operating cycle, those impulses of
the total code call, transmitted to select the par-
ticular station, may be termed the station code
call; while the remaining number of impulses
of the total code call, transmitted tc select the
particular group within the station, may be
termed the group code call.

In this type of code, a choice of positive and
negative impulses on each of two steps gives four
different combinations of impulses or code calls,
three steps gives eight different code calls, four
steps gives sixteen different code calls, five steps
gives thirty-two different code calls, and so on,
each additional step doubling the number of pos-
sible distinctive code calls. Such an arrange-
ment of positive and negative impulses to oh-
tain eight combinations or code calls for three
steps is shown below in a Typical code table,
which table may be extended for any number of
steps.

Typical code table

[
Code call Stepone | Step two | Step three

F1
Pl
P11+

With a code call assigned to each field station,
selection is made between half of the total num-
ber of stations on the first station selecting step,
depending upon whether it is a positive or a
negative impulse. Similarly, on the second sta-
tion selecting step, 2 selection is made between
half of the stations remaining after the first
selection, depending upon the polarity of the
second impulse, leaving only one quarter of the
total number of stations. This elimination of
stations is carried on for as many steps as may
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be required until only one station remains on
the last station selecting step. :

In a similar manner, selection is made between
half of the groups within the. selected station
upon the first group selecting step; between half
of the remaining groups upon the second group
selecting step, and so on, for as many group
selecting steps as may be required.

The embodiment of the present invention, pro-
vides five station selecting steps and three group
selecting steps, which give thirty-two station
code calls and eight group code calls (for each
station) respectively, or two hundred and fifty-
six total code calls for a system having thirty-
two stations of eight groups each. It is to be
understood, however, that all stations do not
need to be divided infto the same number of
groups, but rather- are arranged to meet the
particular requirements of the particular sta-
tion in each case. A code table for this number

_of station selecting and group selecting steps may

be arranged by reference to the Typical code
table shown, which table illustrates the code
combinations or code calls for three steps only
for the sake of simplicity.

The field stations are arranged, so that the
transmission of any particular total code call
during a particular cycle, results in the selection
of a certain group of 2 particular station, all
other groups of the same station and all other
stations being prevented from selection by suit-
able means hereinafter described.

The circuits for each field station selecting
equipment or apparatus-are similar, the only dif-
ference being in the positions of a number of
station code jumpers, which serve to condition
or energize one or the other of two station select-
ing buses in accordance with the code call as-
signed to that station. The transmission of a
code call, connects a selecting stick circuit of a
station selecting relay SO to one or the other
of these station selecting code buses. If the
code call transmitted, corresponds to the code
call assigned to the station, then the selecting
stick circuit will be connected to an energized
bus for each step; but if the transmitted code
call does not correspond to the station code call,
then this selecting stick circuit will be connected
to a deenergized bus for one step, thereby caus-
ing the corresponding station selecting relay SO
to be deenergized. The station with which com-~
munication is held, is the one at which the sta-
tion selecting relay SO remains energized, all
other stations except this -one having been
dropped out during the station selecting part of
the operating cycle.

More specifically considering the operation,
station selection will be explained with reference
to Fig. 2A of the accompanying drawings, which
{llustrates a typical station selecting equipment.

During the period of blank, with the stepping
circuit deenergized, the quick acting line re-
peating relay LR is deenergized with its contacts
down (see Fig. 24). During this period of blank,
the relay ‘P is conditioned in- accordance with
the code jumper f{10. If the code jumper 110
is connected in an inactive position, the relay
P is deenergized; but, if the code jumper 110 is
connected in an active position, the relay P is
energized through a circuit from (+4), through
code jumper 118, back. contacts i, 112, 143,
i14, 115 and 116 of the stepping relay bank, wire
{11, back contact 118 of transfer relay TR, wire
i19, lower winding of relay P, wires 120 and 121,
back contact 122 of relay LR, to (—).

‘or left deenergized)
dition of the relay P.
-gized, the relay PR is deenergized, but; if the

" polarity of this
(B—) is applied through contact -

13

Upon the application of the first impulse to
the. stepping circuit of either positive or negative
polarity, depending upon the particular code call
to be transmitted, the guick-acting line repeating
relay LR is energized causing the first stepping
relay | to be energized through its pick-up cir-
cuit as heretofore pointed out. At the same
time, & pick-up circuit for the relay SO is com-
pleted from (4, through front contact {23 of
relay LR, wire {24, back contact 125 of relay
SL, wires 125 and §21, upper winding of relay SO,
to (=).

The contacts of the relay S0 are now in an
up or energized position and are maintained or
held in such position by the completion of a
stick circuit as soon as the relay SL is ener-
gized. This" stick circuit may be termed the
holding stick circuit, which is completed during
the conditioning period of each step if the relay

80O is up at the beginning of the corresponding :

step. - In this case, during the conditioning pe-
riod of the first step, the relay SO has just been
energized and the relay ST, closes this holding
stick circuit before opening its pick-up circuit by

reason of contact §26 of relay SI: being a make- o

pefore-break contact. This holding stick. circuit

is completed from (4-), through front contact
123 of relay LR, wire 124, front contact (25 of
relay SL, wire 128, back contact §28 of relay
TR, wire 138, front contact 131 of relay SO, wire
127, upper winding of relay SC, to (—).

During this conditioning period (first) with
the relay LR energized and its contacts up, the
relay P is held in the same condition existing
during the period of blank. If the relay P re-
mained deenergized during the period of blank,
then such condition is maintained or held during
the conditioning period of the first step; but if
the ‘relay P was energized during the period of
blank, then it is maintained or held energized
during the conditioning period of the
by reason of a stick circuit from (4, through
upper winding of relay P, front contact 132 of
relay P, wires £33 and 134, front contact 122 of
relay LR, to (—).

Also, during this conditioning period .of the
first .step, the relay PR is conditioned (energized
in accordance with the con-
If the relay P is deener-

relay P is energized, the relay PR is energized
from (++), through front contact (85 of relay
P, lower winding of relay PR, wires 136 and 134,
front contact 122 of relay LR, to (—).

Tither the “4” or “—” bus is energized, de-
pending upon the position of relay PR, from
(+), through back contact 37 of stepping relay
¢, wire 138, back contact 138 of relay TR, wire
1468, front contact 141 of relay SL, wire 142, to
either the “-+ bus” or the “— bus” through front
or back points respectively of contact 143 of re-
lay PR depending upon whether the relay PR is

energized or deenergized. .

The relay IS is also conditioned, during the
conditioning period of this first step, in accord-
ance with the position to which the contacts of
the relay L. are actuated as determined by the
first impulse. If the first impulse
is negative,
{44 of relay Lin a left hand position, winding
of relay IS, front contact 82 of relay LR, to
(CN) ; but if the impulse is positive, (B+) will
be applied through polar contact ‘144 of relay Lt
in & right hand position, winding of relay IS,
front contact 62 of relay LR, to (CN).

first step, -
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Depending upon the polarity of the impulse,
the relay IS connects the selecting stick circuit
of the relay SO to either the “+ bus” or the
“— bus.” For example, if the impulse is positive,
the selecting stick circuit is connected to the
“+ bus” from (—), through lower winding of
relay SO, front contact (45 of relay SO, polar
contact {46 of relay IS in a right hand position,
to the “+ bus”; but, if the impulse is negative,
the selecting stick circuit is connected to the “—
through lower winding of relay
SO, front contact 145 of relay SO, polar contact
145 of relay IS in a left hand position, to the
“— bus.”

Thus, the selecting stick circuit of the relay
S0 is energized or deenergized depending upon
whether the polarity of the impulse connects its
selecting stick circuit to the particular “4-” or
“—” bus which is energized in accordance with
the code jumper {10.

During the execution beriod of the first step
with the stepping ecircuit deenergized and the
contacts of the relay LR down, the position of
the relay PR is maintained or held. If the relay
PR is deenergized during the conditioning pe-
riod, it is maintained deenergized; but if it is
energized during the conditioning period, it is
maintained energized during the execution pe-
riod by reason of a stick circuit from (+4),
through front contact 18 of relay SL, wires 74
and {47, front contact 148 of relay PR, wires
{49 and 150, upper winding of relay PR, wires
{81 and 121, back contact 122 of relay LR, to
(—).

The deenergization of the relay LR opens the
holding stick circuit of the relay SO at front
contact {23, thereby making the relay SO de-
pendent upon the energization or deenergization
of its selecting stick circuit, In other words, the
relay SO is selected or dropped out in accord-
ance with whether the preceding impulse was
positive or negative connecting- the selecting
stick circuit of the relay SO to the particular
“+” or “—” bus which is energized by reason
of the station code jumper (10, If the code
Jumper {10 is connected in an inactive position,
the relay PR ig deenergized, thereby requiring,
in order to select the relay SO, that the code
impulse shall be a (—) impulse to connect the
selecting stick circuit of the relay SO to the “—
bus”; but if the code Jjumper is connected in an
active position then the relay PR is held ener-
gized, thereby requiring, in order to select the
relay 80, that the code impulse shall be a ()
impulse to connect the selecting stick circuit of
the relay SO to the “+ bus.”

At half of the stations, the code jumper 110 is
connected in an inactive position, while at the
other half of these stations it is connected in an
active position. Thus, if the frst impulse is
negative, then a certain half of the stations will
be selected by maintaining the relays SO ener-
gized at those stations; but if the first impulse
is positive, the other half of the stations will be
selected by maintaining the relays SO energized
at those stations.

During the execution beriod of the first step,
the pick-up circuit of the relay PR is opened at
front contact 122 of relay LR and its holding stick
circuit is connected through back contact 122, so
that the relay P can be conditioned in accordance
with the next code jumper 152. For example, if
the code jumper 152 is connected in an inactive
position, the relay P is deenergized during this
execution period (first) ; but, if the code jumper

“(second).

“jumper 152

2,170,141

152 is connected-in an active position, the relay
P is energized from (4, through code jumper
152, front contact 11§ of stepping relay I, wire
1117, back contact 118 of relay TR, wire 119, lower
winding of relay P, wires 128 and 121, back con-
tact 122 of relay LR, to (—).

If the relay SO is selected or maintained ener-
gized during the execution period of the first step,
its holding stick circuit is closed during the next
conditioning period (application of the second im-
bulse to the stepping circuit), thereby causing it
to be held in such energized condition until the
execution period of the second step. On the
other hand, if the relay SO is dropped out during
the execution period of the first step, it'is held in
such deenergized position or condition through-
out the remainder of the operating cycle.

Upon the application of the next impulse
(second) of the code call to the stepping circuit,
the relay LR is energized, the relay IS is condi-

brevious condition established during the preced-
ing execution period, the relay PR is conditioned,
thus energizing the “+ or “—* bus in accordance
with the next code jumper 152 and connecting
the selecting stick circuit of the relay SO to one
or the other of the selecting buses in accordance
with the polarity of the code call impulse.

If the relay SO is held energized during the
conditioning period of the second step, it is made
dependent upon the energization or deenergiza-
tion of its selecting stick circuit upon the deener-
gization of the relay LR with its contact 128 in g
down position - during this execution period
In other words, the relay SO is again
selected or dropped out in accordance with
whether the preceding impulse (second) wag posi-
tive or negative connecting the selecting stick cir-
cuit of -this relay SO to the particular “4-” or
“—” bus which is energized by reascn of the sta-
tion code jumper 152, If the code jumper is
connected in an inactive bosition, the “— bys”
is energized, thereby requiring, in order to select
the relay SO, that the code impulse shall be a
(=) impulse t0 connect the selecting stick cir-
cult of the relay SO to the “— bus”; but, if the
code jumper 52 is connected in an active posi-
tion, then the “+ bus”is energized, thereby re-

-quiring, in order to select the relay SO, that the

code impulse shall be g (+) impulse to connect
the selecting- stick circuit of the relay SO to the
“4 bus”.

That half of the stations requiring a (—) im-
pulse upon the first step, is in turn divided in
halves with one half requiring the code jumper
152 to be connected in an inactive position, and
with the opposite half requiring that the code
be connected in an active position.
Similarly, that half of the stations requiring g
(+) impulse for the first step, is also divided into
halves, one half of which requires that the code
Jjumper 152 be connected in an-inactive Dosition,

-While the opposite one requires ‘that the code

Jjumper 152 be connected in an active position,
This -arrangement and assignment of the code
calls to the various stations may be better under-
stood by reference to the Typical code table,

" Thus, if the second impulse is negative, then a
certain half of those stations, selected upon the
execution period of the first step, will be selected
upon the execution of the second step by main-
taining the relays so energized at such stations ;
but if the second: impulse is: positive, the other
half of those stations, selected upon the first step,
will be selected by- maintaining the relays SO

-tioned, the relay P is maintained or held in its
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energized at such stations during the execution
period of the second step.

This selection continues throughout the station
selecting steps for as many steps as may be re-
quired, depending upon the number of stations,
until the station selecting relay SO is energized
at only one station, which is the station that will

receive a group code call to select a particular -

group of controls therein.
The station code jumpers 110, 152, 166, 187 and

- 168, for the station selecting equipment illus-

trated in Fig. 2A of the accompanying drawings,
are arranged to cause its associated. apparatus to
be responsive to the code call (=), (=), +7,
(), (4, which is the station code call trans-
mitted over the stepping circuit during a cycle
of operation with the code determining relay
CD! energized in the control office (see Fig. 14)
in accordance with the station code jumpers £,
112, 113, 174 and 115. In other words, the opera-
tion of the system, when initiated by the move-
ment of any one or all of the control levers SML,
SGI, and COL, will operate to select the field sta-
and 2B,

The operation of the system for station selec-
tion may be briefly summarized with reference to
Fig. 5 of the accompanying drawings, which illus-
trates in a graphic manner the sequence of opera-
tion of certain relays in what may be termeéd a
Typical Operation Chart.

The first column in the chart (reading from
left -to right) designates the relays, or the like,
which are to be described, while the remaining
columns designate in order the operations of these
relays as they occur during a cycle of operation.
The operations are described in the chart by the
use of certain key words taken from the descrip-
tion, as will be readily apparent.

The stepping circuit is deenergized during the
period of blank (see Fig. 5 column 2 opposite
«Qtepping circuit” in column 1) and during the
execution period of each step (see Fig. b columns
4 'and 6); while it is energized with positive or
negative impulses during the conditicning period
of each step (see Fig: 5 columns 3 and 5) in ac-
cordance with the code calls or controls being
transmitted. Whenever the stepping circuit is
deenergized, the relay LR is. deenergized and its
contacts are down; but, whenever the stepping
circuit is energized, irrespective of the polarity,
the relay LR is energized and its contacts are up.

Tor the transmission of controls (see Fig. 5
under “outgeing”), the relay P is conditioned dur-
ing the period of blank and during the execution
period of each step in accordance with the code

jumpers or indications to be transmitted; while

the condition of the relay P established during
the period of blank and the execution period of
each step is maintained or held during the condi-
tioning period of each step, irrespective of whether
the relay P was in an energized or deenergized
condition. - . .

During the period of blank, the contacts of the
relay PR are down, except when the system is ini-
tiated from the field in a manner to be herein-
after pointed out. During the conditioning
period of each step, the relay PR is conditioned
in accordance with the energized or deenergized
condition of the relay P; while the condition of
the relay PR established during each condition-
ing period is maintained or held during the fol-
lowing execution period. o

The impulse storing relay IS is of the magnetic
stick type, so as to maintain its contacts in their
last operated positions. Thus, the contacts of

15
the relay IS may be said to be held during the
period of blank and during the execution period
of each step, while they are conditioned or actu-
ated only during the conditioning period of each
step. ) )

The contacts of the relay SO are always down
during the period of blank and are always picked
up at the beginning of a cycle of operation; dur-
ing the conditioning period of the first step, being
held in such. positions until the execution period
of the first step. If the conditions of the relays
PR and IS correspond, the relay. SO is selected
or maintained energized during the execution
period of each step, but if the conditions of these
relays do not correspond during the execution
period of a particular step, then the relay SO is
dropped out or deenergized upon such execution
period. Upon the conditioning period following
sach execution period, the relay SO is held or
maintained energized through a stick circuit if it
was selected or maintained energized upon the
preceding execution period; while, if it was
dropped out or deenergized upon the preceding
execution period, it remains in such a condition
throughout the remainder of that cycle of opera~
tion. This selection of the relay S0, or in other
words, the comparison between the code call
transmitted and the code call of the station by
comparing the conditions of the relays PR and IS,
oceurs during the execution period of each of the
station selecting steps of the cycle, for as many
steps as may be desired.

This scheme of selection may be said to be upon
the subdivision or elimination basis, as all of the

station selecting relays SO are energized at the,

beginning of a cycle, and one-half of those re-
lays are deenergized upon the first step, one-half
of the remaining relays deenergized upon the sec~
ond step, and so on, until the SO relay at only one
station remains energized. e

Transfer and repeat operations—At each field
station where the code call impulses transmitted
over the stepping circuit do not correspond to the
code call combination assigned to that station, the
station selecting relay SO at such station is
dropped out before the end of the last station se-
lecting step, so that the step taken upon the ap-
plication of the next or transfer impulse (sixth
in this case) to the stepping circuit, is the last
step in that cycle of operation for such a station.
In other words, when a station is not selected, its
stepping bank of relays locks up on the sixth step,
and remains in that condition until the period of
blank at the end of that particular operating
cycle, when the stick cireuit of the stepping relay
provided for the transfer-step, is opened by the
deenergization of the slow acting line repeating
relay SL. .

On the other hand, at that field station of the

. system where the code call transmitted corre-

sponds to the code call assigned to that station,
the relay SO is selected or maintained energized
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throughout. the station selecting steps, so that

upon the next step after the last station code call
step (sixth step), the transier
gized through a circuit from (), thirough front
contact 137 of stepping relay 6, wire 153, front
contact (54 of relay SO, wire 155, upper winding
of transfer relay TR, to (—). The energization
of the transfer relay TR completes its own stick
cireuit in series with the holding stick circuit of
the relay SO from (4, through front contact 13
of relay SL, wires 156 and 151, lower winding of
relay TR, front contact 129 of relay TR, wire 130,
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front contact 131 of relay SO, wire 121, upper
winding of relay SO, to (—).

- The energization of the transfer relay TR to-
gether with the energization of the relay SO indi-
cates the selection of that station for outgoing
controls and conditions the stepping relay bank
at-such a station for a Tepeat operation.

It is noted that the sixth step (transfer step)
is taken irrespective of the polarity of the step-
blng impulse (sixth) in a similar manner as the
preceding steps, and the transfer relay TR is en-
ergized dependent upon the condition of the re-
lays SO and SI (the operation- of the relay SI
being explained hereinafter). However, the
bolarity of the transfer step (sixth) is employed
for the cut-out control later to be explained.

With the transfer relay TR energized upon the
transfer step, the application of the next impuise
(seventh) to the stepping circuit causes the en-
ergization of the first stepping relay | through
a circuit from (4-), through polar contact §3
of relay HS in a right hand Pposition, wire 64, front
contact 65 of relay LR, wire §6, front contact §7
of relay SL, wires 19 and 153, front contact 159
of stepping relay §, wire 160, front contact (61 of
transfer relay TR, wires 152 and €9, lower wind-
ing of stepping relay i, back contact 72 of stepping
relay 2, to (—). .

The energization of the stepping relay | opens
the stick circuit for the stepping relay 6 at back
contact 17. This deenergization of the stepping
relay 6 closes a pick-up circuit for the transfer
repeating relay TRR from (+), through back
contact 137 of stepping relay 6, wire 138, front
contact {39 of transfer relay TR, lower winding
of transfer repeating relay TRR, to (—). The
energization of the transfer repeating relay TRR
completes its own stick circuit from (), through
front contact 73 of relay SL, wires {58 and 53,

40 front contact 64 of relay TRR, upper winding of
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relay TRR, to (—).

With the transfer relays TR and TRR {ogether
with the relay SO energized, the stepping relay
bank repeats its operation, thereby closing a
series of circuits, one for each step, to the control
buses 181, 702, 703, T84, 705 and 786 which then
receive energy in accordance with the position of
the impulse storing relay IS for the respective
steps.

This repeat operation is employed only for the
stepping relay banks of the field stations for the
burpose of economizing in the number of stepping
relays required for each such bank, and need not
be employed if an additionsl number of stepping
relays is provided to sequentially step after the
selection of the station. In the control office, all
of the stepping relays must operate through for
each cycle of operation, and de not need to be
locked up upon the transfer step under any con-
ditions. Alsc, the repeat operation is not em-
bloyed in the control office by reason of the addi-
tional circuits which are required to be completed
by each of the stepping relays, thereby making it
more desirable to use each relay only once for

5 each cycle of operation:

Control group selection.—After the selection of
the station and the transfer step has been taken,
as above explained, the stepping relays at such
selected field station are operated through the
second time to complete the cycle of operation.
During this continued operation a plurality of
circuits are closed which receive energy in ac-
cordance with the polarity of the impulses ap-
plied to the stepping circuit, According to the
present invention, a part of these circuits are em-

2,170,141

ploved to divide the controls of the station into
groups,- while the remainder of these circuits are
employed for the actual transmission of the con-
trols of a particular group.

In the field station equipment illustrated in
Figs. 2A and 2B, six steps are taken after the
transfer step, so as to complete six distinctive cir-
cuits one for each step. Although these circuits
may be employed in any combination desired so
as to divide the controls into g certain number of
groups with each group including a certain num-
ber of controls governed after the selection of the
corresponding group, the specific llustration pro-
vides that three steps be employed for group se-
lection and three steps for the reception of
controls.

When the field station shown in Figs. 2A and
2B is selected, for example, with the relays SG,
TR and TRR energized, the contact 165 of relay
IS applies either positive or negative potential to
the buses 101, 702, 103, 164, 765 and 768 upon
the respective steps in accordance with the
polarity of the impulses applied to the stepping
circuit. The first three of these buses 70i, 702
and 703 are connected to group selecting
pilot relays G, so that upon each of the first
three steps after the transfer step, the respec-
tive relay G is energized or left deenergized in
accordance with the polarity of the impulse ap-
blied to the stepping circuit for that step. If
the impulse is negsgtive (=), the particular relay
G for that ‘step is left deenergized, but if the
impulse is positive (4, that particwlar G relay
is energized.

The particular combination of impulses trans-
mitted forms the group code call and is employed
to select the particular group to which controls
are to be transmitted for that cycle of operation.
Two such G relays provide four groups, three G
relays provide eight groups, and so on, for as
many group selecting steps as may be needed for
the requirements of each station. It is Shvious
that these code call combinations for the groups
are arranged in a similar manner as explained
for the code calls employed for selecting the sta-
tion, the Typical Code Table given being similarly
applicable thereto.

If, for example, the group to be selected is the
first: group, due to the movement of one of the
control levers asscciated with that group in the
control office, then the group code applied to the
stepping circuit is (), (), () in acccrdance
with the code jumpers i77, {78 and 179 placing
énergy upon the relay CS for each of the three
group selecting steps, Thus, for each of these
steps, the contact 185 of relay IS is actuated to a

‘right hand position thereby placing (B4) upon

the control buses 701, 702 ang 793. The ener-
gizing circuit of the relay G! is traced from (B4,
through contact {85 of relay IS in a right hand
bosition, wire 180, back contact 181 of relay LR,
wire 182, front contact 183 of relay SO, wire 184,
front contact 185 of relay TR, wire 188, front con-
tact 187 of relay TRR, wire | 88, front contact
189 of stepping relay {, bus 781, lower winding of
relay G, to (B—). The relays G? and G2 are
energized on theéir respective steps through similar
circuits. These group relays G, G2 and G3 are
maintained energized throughout the remainder
of the operating cycle through stick circuits in
multiple, as for example, the stick circuit for re-
lay G is closed from (4, through front con-
tact 13 of relay SL, wires 14, 15, 83, {96, {91 and
182, through front contact (93 of relay G,
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through the upper winding of the relay G,
to (—). :

However, if some other group code call is trans-
mitted including a (—) impulse, then the cor-
responding one of the group- selecting relays G
will remain deenergized.

During the execution period of the last group
selecting step (ninth step in this case), the con-
trol group stick relay
gized through a pick-up circuit from (4,
through front contact 13 of relay SL, wires 14,
15, 83, 190, (9} and 194, winding of relay CGS,
wires 195, 196 and 197, front contact (98 of relay
TRR, wire 199, front contact 200 of stepping re-
lay 3, wire 20{, back contacts 84 and 78 of step-
ping relays 2 and | respectively, wires 80 and 789,
front contact 67 of relay SL, wire 66, front con-
tact 65 of relay LR, wire 64, polar contact 63 of
relay HS in a left hand position, to (). This
circuit has positive potential (4 applied to both
terminals of the relay CGS until the half step
relay HS has responded after the deenergization
of the relay LR at the peginning of the execution
period of this ninth step, at which time this
polar contact 63 of relay HS is actuated to a left
hand position thereby placing negative potential
(—) to the cireuit as pointed out.

The energization of the relay CGS closes a
stick circuit placing negative potential (—) tothe
left hand terminal of the relay CGS through front
contact 282, and wires 208 and 195, which main-
tains the relay energized until the relay SL is de-
energized at the end of the cycle.

The energization of the relay CGS places neg-
ative potential on the 1eft hand terminal on the
particular control group relay CG selected in ac-

 cordance with the positions of the group select-

45

50

a0

ing pilot relays G, until the end of the operating
cycle. For example, with the relays Gt, G and
@3 energized as pointed out to select the first
group of this station in correspondence with the
group code call transmitted from the control
office with the relay CD! energized, the relay cGt
is energized from (+), through winding of relay
CGH, wire 203, front contact 294 of relay G2, front
contact 205 of relay G2, front contact 266 of re-
lay G, wires 207, 186 and 208, front contact 202
of relay CGS, to (—).

The relay CG! is thus selectively energized in
accordance with its group code call, thereby clos-
ing through its front contacts, circuits from its
corresponding group of function relays to the
buses 704, 188 and 766, In a similar manner,
any particular one of the remaining relays CG
may be selected by the transmission of its cor-
responding group code call, to thereby connect its
associated group of function relays to the control
buses 784, 105 and 185. Tt is obvious that only
one such group of function relays are connected
to these buses during a particular cycle of oper-
ation.

Transmission  Gf controls—The particular
group of function relays, which are connected to
the control buses, are controlled upon the suc-
ceeding steps in accordance with the polarity of
the impulses appiled to the stepping line circuit.
For example, with the lever SML in the position
as shown, with the first group of this field sta-
tion selected, then & negative (—) control im-
pulse is placed upon the stepping circuit for the
tenth step; but if the lever SMLis in the opposite
position, this stepping impulse is positive ()
in character. The polarity of this control im-
pulse positions the impulse storing relay IS
during the conditioning pericd of the tenth step,

CGS is caused to be ener-.
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during the conditioning period of the tenth step,
in a manner herefofore explained, which then
places either positive or negative potential upon
the energizing circuit for the relay SMR during
the execution period of this tenth step, from
either (B+) or (B—), through polar contact 165
of relay IS either in a right or left hand. position
respectively, wire 188, back contact {8t of relay
LR, wire 182, front contact 183 of relay SO, wire
{84, {ront contact 185 of relay TR, wire 186, front
contact 187 of relay TRR, wire 188, back contacts
189, 248 and 21( of stepping relays i, 2 and 3 re-
spectively, front contact 212 of stepping relay 4,
bus 104, wire 213, front contact 214 of relay CcGl,
wire 215, winding of relay SMR, to (CN). The
gpplication of one potential or the other to the
relay SMR, depending upon the position of con-
tact tf of the lever SML, actuates the polar con-
tacts of the relay SMR to corresponding extreme
positions, thereby causing the switch machine
SM to operate the track switch TS to correspond-
ing extreme positions.

Similarly, the relays DR and SGR are con-
trolled in accordance with the polarity applied
thereto, as determined by the polarity of the im-
pulse applied to the - stepping circuit on the
eleventh and twelfth steps respectively in ac-
cordance with the positions of contacts 13 and 14
of the signal lever SGL to thereby control the as-
sociated signals. :

End of operating cycle.—During the operation
of the system, after the proper code call has been:
transmitted, the particular storing relay SR, then
conditioned for causing the code calls to be trans-
mitted, is energized so as to be in readiness for
storing subsequent changes in position of its
asscciated control levers. For example, the pick-
up circuit for the relay SR! is closed upon the
transfer step ¢sixth step) with the stepping re-
lay f energized and with the corresponding code
determining. relay CD! energized, from +),
through front contact 216 of stepping relay 1,
wires 267, 218 and 219, front contact 220 of relay
CD!, upper winding of relay SRY, to (—).

Should some other storing relay SR be de-
energized, the code determining relay CD corre-
sponding to such storing relay SR could not be
energized while relay SR! is energized. Also,
energy is not applied to the pick-up circuits of
the relays CD until the cycle controlling relay CC
is deenergized closing back contact 25 during the
period of blank, : '

Upon the twelfth step with the stepping relay
LS energized, the stick circuits for the relays cp!
and CC are opened at back contact 21. The
deenergization of the cycle controlling relay CC
causes the cessation of impulses upon the step~
ping circuit and closes the pick-up circuit for the
code determining relay CD next to be energized,
as soon as the slow acting relay SLOis deenergized
and the relays ES and LS become deenergized.

The energization of the stepping relay LS com-
pletes a pick-up circuit for the extra step relay ES
without the application of a corresponding step-
ping impulse to the stepping circuit, from (4,
through polar contact 221 of relay HS0 in & right
hand position, wire 922, back contact 223 of relay
LR, wire 224, winding of relay ES, wire 228,
front contact 226 of stepping relay LS, back
contacts 2217, 228, 229, 230, 231, 232, 283, 234, 235,
168 and 105 of stepping relays k4 h0fed
¢, banda respectively, to (—). -

The energization of the extra step relay ES
breaks the stick cireuit for the last stepping relay
1S at back contact 936 thereby causing the step-
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ping relay LS to be immediately deenergized.
The deenergization of the last stepping relay LS
immediately opens the energizing circuit of the
extra step relay ES at front contact 228. Thus,
the application of the twelfth impulse to the step-
ping cireuit causes the energization of the last
stepping relay LS, the energization of the extra
step relay ES, resulting in the deenergization of
the stepping relay 1.8 followed by the deenergi-
zation of the extra step relay ES, all of which
occurs prior to the deenergization of the slow
acting relay SL? in the control office.

As there are no impulses blaced upon the step-
ping circuit with the cycle controlling relay CC
deenergized, the relay SL at each of the field sta-
tions becomes deenergized opening the stick cir-
cuit of the stepping relay 6, the stick circuit of
the relay SO, the stick circuit of the transfer
relays TR and TRR, the stick circuit of the con-
trol group selecting relay CGS, as well as open-
ing various other circuits for other relays, which
returns each of the field stations to their normal
at rest condition. After sufficient time has
elapsed, the slow acting relay SLO in the control
office hecomes deenergized, it being slightly more
slow acting than the relays SL at the field sta-
tions. This conditions the pick-up circuit of the
starting relay ST, so that it may be energized in
accordance with the energized condition of any
code determining relay which may be now ener-
gized to again initiate the system into operation.

It is noted, that the deenergization of the relays
LS and ES prior to the deenergization of the relay
SLO allows the next code determining relay CD to
be energized, so as to be in readiness for the
energization of the starting relay ST as soon as
the relay SIS hag become deenergized. The
deenergization of these relays LS and ES also
conditions the stick circuit of the cycle controlling
relay CC, so that it may be again stuck up as soon
as the starting relay has picked it up, as well as
conditioning the stick circuits of the code deter-
mining relays CD.

The time interval between the last impulse on
the stepping circuit for one cycle and the first
impulse for the next cycle includes the drop
away time for relays L9 and SI.0 and the pick-up
time of relays ST and CC. This time interval
when the system is at rest or in a period of blank
is relatively long compared to the time interval
between the impulses during the cycle which
includes the drep away time of relays L9, LRO and
IM together with the operating time of relay HSO.
The reason for the additional time, although
there are four relay operations in each case, is
the fact that the relays SL® and ST are of the
slow acting type.

Thus, at the end of an operating cycle for out-
going controls, there is g, period of relatively long
deenergization of the stepping circuit which
causes the equipments at each of the field stations
to assume their normal conditions ready for
another cperation; and in the control office those
relays SR, CD and CDR effective for that
cycle are returned to normal, and the re-
lays CD and CDR for the next station to
be called, if any, are picked up in turn causing
energization of the starting relay ST. These
operations occur simultaneously or in rapid suc-
cession, so that after a brief interval marked by
the end of an operating cycle, another operating
cycle can start, if there are any new controls to
be transmitted to any other stations, The order
in which the stations will he controlled, if new
controls have been set up for several stations,
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will be determined by the interlocked bank of
relays SR and CD breviously explained.

The end of an operating cycle, as just explained,
is the same, when the system is automatically set
into operation from a field station, in a manner
presently to be explained, for the purpose of com-
municating new indications to the control office;
and these operating cycles occur one after the
other, as long as there are new controls to be

transmitted from the control office to some field -
station and/or new indications are to be trans-

mitted from some feld station to the control
office.

Indications.—Fach field station includes a plur-
ality of traffic controlling devices having indicg-
tions to transmit to the control office. If the
number of indications for these trafic controlling
devices is not greater than the system can trans-
mit or register in the control office during one
cycle, then these indications comprise a single
group and are transmitted after the registration
of the station. On the other hand, when the
number of these indications exceeds the number
which can conveniently be transmitted to the
control office during one cycle, these indications
are then divided into several groups. For con-
venience, those indications associated with g
single track switch have been selected as com-
prising each group, but any other suitable
arrangement may be employed.

In accordance with the present invention, the
message circuit is utilized for the transmission of
indications to the control office from the various
field stations, one station at a time during each
cperating eycle, and from the various groups of
indications within such field stations, one group
at a time during each operating cycle. In other
words, a single group of indications may be trans-
mitted during each operating cycle.

Although indications may be transmitted from
any group of a field station simultaneously during
the same operating cycle with the transmission
of controls to any group of controls of that field
station or any other field station, it is convenient
to explain the communication of a single group
of indications alone on an operating cycle before
considering the features of simultaneous two-way
transmission.

In the operation of g railroad, trains are lo-
cated at various points along the railroad or
territory under the supervision of the centrally
located operator, and these trains may enter or
leave various track circuits at the same time, also
various devices for controlling these traing may
be operated simultaneously or in rapid succession,
which causes several groups of the same or
different field stations to have indications stand-~
ing ready for transmission at the same time.

If several groups within the same field station
have indications standing ready for transmission
at the beginning of a cycle of operation, only one
group may be registered in the control office and
transmit its indications during that cycle, the
remaining groups being registered in an order or
sequence determined by a bank of interlocked
group determining relays. This feature of the
present invention will be considered separately
under the heading “Sequence of group registra~
tion”,

If several groups within different stations have
indications standing Teady for transmission at
the beginning of a cycle of operation, only one
group from one particular station can be
registered in the control office and transmit its
indications during that cycle, with the particular
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roup within the station being determined by the
roup determining interlocked bank of relays and
jith the particular station being determined by
he relative superiority of the code call char-
cteristic of that station with respect to the code
alls characteristic of the other stations. The
emaining stations register their respective
rroups in accordance with their respective code
.all’ characteristics during succeeding cycles of
yperation. This feature of the present invention
xill be considered separately under the heading
‘sequence of station registration”.

The operation of the communication system
bo transmit indications to the control office, in-
volves automatic starting, the registration of a
particular field station, the registration of a
particular group of indications within that sta-
tion, and finally the transmission of the in-
dications of this group.

Automatic starting—The field station illus-
trated in Figs. 2A and 2B is indicated as having
three groups of indications, but the gystem, pro-
viding three group registering steps, is capable of
handling eight such groups. Also, the third
group is the only one shown in detail. This
group has been asscciated with the track switch
TS by way of illystration, but may be associated
with any other indicating devices as desired.

Each group of indicating devices has associated
therewith a change relay CH which is normally
energized through a stick circuit. Whenever &
change .in condition of any device within a
particular group occurs, the stick circuit of the
change relay CH for that group is deenergized.
The deenergization of one or more of these
change relays CH results in the initiation or auto-
matic starting of the system.

For example, (see Fig. 9B) the entrance of &
train into the track section TK, causes the de~
energization of the track relay T, in turn causing
the energization of the track storing relay STR
through back contact 248 included within a cir-
cuit obvious from the drawings. The energiza-
tion of the track storing relay STR momentarily
opens the stick circuit of the relay CH? by move-
ment of contact 241 irom 2 back to a front con-
tacting position, thereby causing the contacts of
relay CHS3 to assume deenergized positions. Like~
wise, the change in condition of any of the other
devices in this groubp, such as relays SIG and
WP, will cause the deenergization of relay CHS3.
The stick circuit for the relay CHB3 is closed from
(+), through front or back points of contact
241, front or back points of contact 242, front or
back points of contact 248, front contact 244,
lower winding of relay CH3, to (—).

In this connection, it is noted that the change
relays CH are of the quick acting type and be-
come * deenergized if their stick circuits are
momentarily opened by the movement of the
contacts of relatively slow acting relays from
front to back, or back to front positions. This
use of a quick acting reiay having a stick circuit
passing through front and back contacts of a
series’ of relatively slow relays, to provide that
a change in. any number of these relatively slow
relays will be insured of registration, has been
set forth more fully in the pending application
of Darrol F. DelLong et al. Ser. No. 477,364 filed
August 23, 1930, now 1. S. Letters Patent
1,852,402, granted March 5, 1932, and need not
be herein considered in detail. .

The deenergization of the change relay CH?
closes & pick-up cireuit for a change storing re-
lay CHS from (4, through front contact 241 of
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relay STR (in this case, but back contact 241 if
relay STR had been deenergized), front or back
contact 242 of relay SIG, front or back contact
243 of relay WP, back contact 244 of relay CHSZ,
wires 285, 246 and 241, upper winding of relay
CHS, to (—). The energization of this change
storing relay CHS closes its own stick circuit from
(+), through back contacts 248 and 249 of the
relays SIand TR respectively in multiple, through
front contact 260 of relay CHS, lower winding of
relay CHS, to (—).

With the system in the period of blank, the
energization of the change storing relay CHS
completes a pick-up circuit for the relay SI from
(4), through back contact 261 of relay SL, front
contact 252 of relay CHS, upper winding of relay
SI, to (—).

Also, a pick-up circuit for the relay PR is com-
pleted from (4), through back contact 131 of
stepping relay 6, wire 128, back contact 139 of
relay TR, wire 148, back contact 141 of relay SL,
wire 253, front contact 254 of relay CHS, wires
955 and !50, upper winding of relay PR, wires
{51 and 121, back contact 122 of relay LR, to
(—=).

The energization of the relays SI and PR opens
the message circuit at contacts 256 and 257,
thereby deenergizing the message circuit includ-
ing the relay M° at the control office and & relay
M at each field station. At the control office the
deenergization of the relay MO causes the ener-
gization of the starting relay ST, which in turn
energizes the cycle controlling relay CC initiat-
ing the system into operation in the manner de-
scribed for the transmission of controls.

This energizing circuit for the starting relay
ST is traced from (4, through back contact
39 of relay SLO, wire 48, winding of relay ST.
wires 41, 42, 43 and 258, front contact 289 of
relay SR!, wire 280, front contact 261 of relay
SR?, wire 262, front contact 2623 of relay SR3, and
through similar front contacts on the remaining
SR relays, wire 264, back contact 265 of relay M?,
wire 266, back contacts 267, 226, 221, 228, 229,
230, 231, 232, 283, 234, 235, 188 and 105 of the
relays ES, LS, k, 4,4, 1, 9. f, & d, ¢, b and a respec-
tively, to (—).

The energization of the starting relay ST
causes the energization of the cycle controlling
relay CC as ahove pointed out, placing an im-
pulse upon the stepping circuit to cause the first
step.

During such a eycle of operation, when no con-
trols are being transmitted, all of the code deter-
mining relays CD deenergized, the control buses
a0, 402, 403, 404, 495, 428, 497, 408, ap9, 4i9,

ail and 412 are deenergized, the code sending

relay CS is deenergized, all of which causes the
polarity selecting relay PS to remain in its normal
position for placing negative impulses (—) upon
the stepping circuit throughout the cycle. In

_ other words, for a cycle of operation for the trans-

mission of indications only, each impulse, placed
upon. the stepping circuit to cause the operation
of the step-by-step means at the control office
and at each field station, is of negative polarity.

Although the particular polarity of these step-
ping impulses makes no difference in the opera-
tion insofar as communication of indications to
the control office is concerned, it is necessary
that one particular combination of cods impulses,
which is not employed for selection purposes, be
applied to the stepping circuit, when no controls

are being transmitted, to thereby prevent the

transmission of false controls.
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' Station registration for indications—The op-
eration of the system will now be considered when
only one group of one field station has indications
standing ready for transmission and when no

. controls are being transmitted from the control

office. In this case, the system is initiated into
operation from that field station during the pe-
riod of blank, in a manner above described, en-
ergizing the stepping circuit with g, series of im-
pulses which has not been assigned as a code
call.

With reference to Fig. 2A of the accompany-
ing drawings, the first stepping relay is ener-
gized upon the application of the first impulse to
the stepping circuit during the time period be-
tween the successive energizations of the relays
LR and SL, as heretofore pointed out.

Upon the energization of the relay SI, a holg-
ing stick ecircuit is completed for the relay SI
from (), through front contact 123 of relay LR,
wire 124, front contact {25 of relay SL, wire 128,
back contact #29 of relay TR, wires 130 and 218,
front contact 271 of relay SI, upper winding of
relay SI, to (—). Inasmuch as the pick-up cir-
cuit for the relay ST includes back contact 251 of
relay SL, it is necessary that front contact 125
of relay SL be closed prior to the opening of back
contact 251 of this relay.

In the event that more than one fleld station
is transmitting indications, the relay SI is se-
lectively energized or deenergized in accordance
with the position of the relay M during the execu-
tion period of each of the station selecting steps,
which functioning of the system is more con-
veniently explained under the heading “Sequence
of station registration”, but for the bresent, where
only one station has indications standing ready
for transmission, it may be assumed that the re-
lay SI remains selectively energized throughout
the entire cycle of operation.

When the system is not transmitting indica-
tions, the relay SI at each station is deenergized,
so that the message circuit is completed and nor-
mally energized. For example, at the field station
illustrated (see Fig. 2A) the message circuit is
completed from the right hand terminal of the
relay M, through wires 272 and 273, back contact
256 of the relay ST (when it ig deenergized), wires
274, 275 and 2178, to the message line extending
to the next field station.

However, with this field station having indi-
cations standing ready for transmission, the re-
lay SI is energized before the system is initiated,
causing the completion of the message circuit at
this field station to be dependent upon the con-
tacts 277 and 257 of the relays P and PR respec-
tively. But with the system at rest, the relay LR
is deenergized completing a shunt circuit around
the contact 277 of relay P from the heel of con-
tact 277, through wire 218, back contact 279 of
relay LR, wires 280, 275 and 276, to the back
boint of .contact 277 of relay P, Thus, to initiate

the system, the relay PR is energized which opens

the message circuit at back contact 257.

The application of the first impulse to the
stepping circuit for this cycle of operation, en-
ergizes the relay LR closing a shunt circuit
around the contact 257 of relay PR from back
point of contact 257 and the right hand termi-
nal of relay M, through wires 212 and 281, front
contact 279 of relay LR, wire 218, to the hee] of
other words, the
condition of contact 257 may be said to be shunt~
ed or covered.

The energization of the relay LR opens the
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shunt circuit around contact 217 of relay P a
back contact 279 of relay LR, or in other word;
the condition of contact 277 may be said to be
uncovered. Thus, the energization of the mes
sage circuit is now dependent upon back con-
tact 277 of relay P.

As previously explained, the relay P is condi-
tioned in accordance with the station code jump-
er 110 during the period of blank, such conditior
being maintained or held during the following
conditioning period. If the code jumper 110 is
connected in an inactive position, the relay P is
deenergized during this conditioning period of
the first step causing the message circuit to be
completed immediately upon the application of
the first impulse to the stepping circuit, and
simultaneously with the operation of the step-
bing relay |; while, if the code jumper {10 is
connected in an active bosition, the relay P is
energized and the message circuit is maintained
open during the conditioning period of the first
step by reason of open back contact 277.

During the execution period of the first step,
the relay LR is deenergized and the contact 211
of relay P is shunted or covered through a cir-
cuit previously traced, but the relay PR has been
conditioned in accordance with the relay P dur-
ing the preceding conditioning period, in a man-
ner previously explained, so that the deenergi-
zation of the relay LR opens the shunt circuit
around this contact 257 of relay PR, thereby
causing the condition of the message circuit
established by the relay P to be continued dur-
ing the execution period of the first step.

Thus, if the code jumper [0 is connected in
an inactive position corresponding to a (—) code
impulse, the message circuit remains energized
during the first step, but if it is connected in an
active position corresponding to a (4) code im-
pulse, the message circuit remains open or deen-
ergized for that step (first).

The opening of front contact 123 of relay LR
does not drop the relay SI at the calling station,
although its holding stick circuit is open, as the
relay SI is maintained energized during this exe-
cution period (first) through its selecting stick
circuit, hereinafter discussed.

As the back contact 277 of relay P is shunted
during the execution period of this step (first),
the condition of the relay P does not efféct the
message circuit, although it is now being condi-
tioned in accordance with the position of the
code jumper 152, ag pbreviously explained.

Upon the application of the next impulse to
the stepping circuit (second), the relay LR is
energized covering the condition or position of
contact 257 of the relay PR and uncovering the
condition or position of the contact 217 of relay
P, so as to condition the message circuit in ac-
cordance with the position of the code jumper
152, immediately upon the energization of the
stepping circuit, If the code jumper 152 is con-
nected in an inactive bosition, the relay P is
deenergized during the conditioning period of
this step (second) causing the message circuit
to be closed or energized ; but if the code jumper
162 is connected in an active position, the mes-
sage circuit is opened.

During the execution period of the second
step, the relay LR is deenergized and the con-
tact 277 of relay P is shunted through a circuit
breviously traced, but the relay PR has been.
conditioned in accordance with the relay P dur-
ing the preceding conditioning period, so that

the deenergization of the relay LR opens the 75
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shunt circuit around contact 257 of relay PR,
and causes the condition of the message circuib
established by the relay P to be continued during
the execution period of this step (second).

Thus, if the code jumper 152 is couhected in
an inactive position corresponding to a (=) code
impulse, the message circuit is energized during
the second step, but if it is connected in an active
position corresponding to a (4) code impulse,
the message circuit is opened or deenergized for
the second step.

In a similar manner, these relays P and PR are
effective to open or close the message circuit
during each of the remaining steps in accord-
ance with the condition of relay P established
during the execution period of the preceding step.
This control of the message circuit through the
medium of the relays P and PR with the relay
SI energized is in accordance with the station
code jumpers for the first five selecting or reg-
istering steps, and is in accordance with the
group code jumpers, in o manner presently to be
explained, upon the remaining selecting steps.

Thus, if the station code jumpers are arranged
in such positions as to correspond to a station
code call (—), (=), (), () and (+) as illus-
trated in Fig. 24, then the message circuit will
be closed, closed, opened, opened and opened
upon the respective station selecting or register-
ing steps, so as to energize or deenergize the
relay M at the control office and at each field
station.

The manner, in which a field station controls
the message circuit on certain steps in accord-
ance with the station ccde call for that station,
has been explained, so that the functioning of
the system to register the condition of the mes-
sage circuit on those steps in the control office
may now be considered with reference to Figs.
1A, 1B, 1C and 1D.

In the control office, the deenergization of the
relay MO during the period of blank causes the
initiation of the system, as previously explained.
This results in the sequential and synchronous
operation of the step-by-step means at the con-
trol office and at each field station.

During the execution period of the first step

with the relay o energized, the control bus 601

is energized from (B—) or (B+), depending upon
the energized or deenergized position respective-
ly of contact 282 of relay M9, through wire 283,
back contact 284 of relay LRY, wire 285, front
contact 288 of stepping relay o, to indication bus
601. .

Upon the application of the next impulse to
the stepping circuit, the second stepping relay b
is energized, so that upon the deenergization of
the stepping circuit during the execution period
of the second step, the indication bus 602 is en-
ergized from (B—) or (B+) through a similar
circuit as above traced for indication bus 601,
but including front contact 287 and back contact
286 of relays b and a respectively.

In other words, upon the successive steps, as
closed by this step-by-step means in the control
office, the indication buses g0l, 502, 603, 604, 605,
606, 607, 628, 609, 610, 611 are respectively ener-
gized with positive or negative potential during
the execufion period of the respective steps in
accordance with. the deenergized or energized
condition of the relay MO, ) .

The right hand terminals of the respective up-
per windings of the pilot relays PT?, P12, PT3,
PT¢ and PT5 are directly connected to the indi-
¢ation buses 601, 602, 603, 604 and 605 respec-
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tively, and the left hand terminals of these wind-
ings are connected to (B—). Thus, if a par-
ticular indication bus is energized with negative
potential (B—) by the front contact 282 of relay
MO, then the corresponding pilot relay PT remains
deenergized as the same potential is applied to
its cpposite terminal, while if positive potential
(B+) is applied to a particular indication bus
by back contact 282 of relay MDY, then the cor-
responding pilot relay PT is energized.

In other words, & pilot relay PT is energized
or left deenergized on each of the station select-
ing or registering steps depending upon whether
the message circuit is deenergized or energized
respectively during the execution period of each
of those steps. If & pilot relay PT is energized
on its respective step, it is maintained energized
throughout the remainder of the operating cycle
by means of a stick circuit: but if it is not en-
ergized on its respective ‘step, it remains deen-
ergized throughout the remainder of the cycle.

Tn the case where only one station is ready to
transmit indications, the message circuit is gov-
erned by the station code jumpers of that sta-

tion only, so thai the pilot relays PT assume 29

energized or deenergized positions in accordance
with the active or inactive positions of the re-
spective station code jumpers.

For exarple, if the station transmitting is the
one illustrated in Figs. 2A and 2B, the code call is
(—), (=), (4, (), (+), which closes the
message circuit on the first two steps and opens
the message circuit on the last three steps, s0
as to leave the relays PT! and PT2? deenergized
and to energize the relays PTS3, PT¢ and PTS.
The relay P13, for example, is energized during
the execution period of the third step from
(B-+), through back contact 282 of relay MDY,
wire 283, back contact 984 of relay LRY, wire 283,
nack contacts 286 and 2871 of stepping relays @
and b respectively, front contact 288 of stepping
relay ¢, indication bus 663, upper winding of
relay PT3, to (B—). This relay PT3, for example,
is maintained energized throughout the remain-
der of the operating cycle through a stick circuit
from (+), through front contact 39 of relay SLe,
wires 289, 290, 281, 292, 293, 294, 285, 296, 287, 298
arid 299, front contact 380 of relay PT3, lower
winding of relay PT3; to (=).

Wwith the pilot relays PT assuming positions
in accordance with the code call of the station
having new indications standing ready for trans-
mission, the station registering relays C and CR,
corresponding to the code call registered, are en-

ergized upon the transfer step (sixth in this :

case) and are maintained energized during the
rest of the cycle by the use of a station stick
relay STS.

The pick-up circuit for the station stick relay
aTs is completed from (+4), through front con-
tact 216 of relay f, wire 301, back contact 302
of relay STS, wires 302 and 204, winding of
relay STS, to (—). The contact 202 of this re-
lay STS is of the make-before-break type so
that upon closing its front contact, it is main-
tained energized through a circuit from 4,
through front contact 39 of relay SLI, wires 289,
996, 291, 292, 283, 994, 295, 286, &85 and 3086,
front contact 382 of relay STS, wires 303 and
304, winding of relay 8TS, to (—).

The énergization of the station stick relay STS

completes a circuit. for energizing the selected

station relays, such for example as relays C* and
CR3 with the corresponding code call registered
as pointed out, from (4, through the pick-up
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and stick circuits of the relay STS to the heel
of contact 382 of relay STS, through wires 363
and 287, front contacts 308, 309, and 316 of the
relays PTS, PT¢ and PT? respectively, back con-
tacts 31! and 812 of relays PT2? and P! respec-
tively, wire 313, winding of relay C3, wire 314,
winding of relay CRS, to ( —).

As the relays PT are maintained in their posi-
tions registering the code call of the station, and
the relay STS is maintained energized through
a stick circuit ineluding front contact 39 of the
relay SLO, the station relays C and CR of the
station registered are maintained energized
throughout the remainder of the operating cycle.

It is noted, that in some cases where the num-
ber of selecting or registering steps is compara-
tively large, a large number of contacts will be
required for some of the pilot relays PT. In such
cases repeater relays are preferably provided.
The present invention also provides that the pilot
relays having the largest number of contacts or
repeater relays shall be controlled first, or in what
may be termed a reverse order, so that all re-
beater relays shall have had time to assume their
broper positions prior to the energization of the
station stick relay STS. Although this particu-
lar arrangement of pilot relays has been illus-
trated and deseribed for the pilot relays PT in the
control office, it is to be understood, that such an
arrangement may be applied to any other bank
of selecting pilot relays either at the control office
or at the field stations, in such cases where it ap-
bears desirable to do so.

Group registration.—On the next step after the
last station selecting step, the transfer step is
taken (sixth in this cage) thereby energizing the
transfer relay TR at the station calling from (+),
through front contact §37 of stepping relay &,
wires 183 and 215, front contact 316 of relay SI,
wires 817 and 155, upper winding of relay TR, to
(—).

The transfer relay TR is not picked up at any
of the other stations, because the relay SI is not
up at any of these stations, due to the fact that no
indications were standing ready for transmission
with the change storing relay CHS energized at
the time of the first impulse on the stepping cir-
cuit. Although the change storing relay CHS
might be picked up shortly after this first impulse,
the station selecting relay SI at that station can..
not be energized, as its pick-up circuit includes
back contact 251 of relay SL which is open sub-
sequent to the first impulse.

When the transfer relay TR is energized at the
station calling, it completes a stick circuit for it-
self and for the relay SI in series from -+,
through front contact 13 of relay SL, wires {56
and (587, lower winding of relay TR, front con-
tact 128 of relay TR, wires {38 and 279, front
contact 271 of relay SI, upper winding of relay SI,
to (—).

The energization of the transfer relay TR
opens back contact {18 disconnecting the lower
winding of the relay P from the control of the sta-
tion code jumpers and connects it through front
contact 118,50 as to be controlled bythe indication
buses 801, 852, 803, 804, 803, 896 upon the succeed-
ing steps in accordance with the group code
Jumpers and indication contacts.

As the transfer relay TR is energized during the
conditioning period of this step (sixth), the relay
P is controlled in accordance with the energized
or deenergized condition of the indication bus 89
during the execution period of this step.

In the specific illustration employed as the em-
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bodiment of the present invention, the first three
steps following the transfer step are employed for
the transmission of group code calls.  Thus, the
indication buses 88 I, 802 and 803 are connected to
the group code Jumpers corresponding to the
group determining relay GD then energized, only
one of which may be energized during any partic-
ular eycle of operation.

The provisions made for registering the groups

of a particular field station in the control office, .

one at a time, in a bredetermined order, in the
event that several groups within the same station
have new indications standing ready for trans-
mission at the same time, will be considered

hereinafter under the heading ‘“‘Sequence of 1

group registration?”.

For the present assuming that only one group
of the station illustrated has new indications
standing ready, then the deenergization of the
corresponding change relay CH picks up the cor-
responding group determining relay GD, which is
then held energized for that operating cycle, as
more conveniently discussed in connection with
the sequence of group registration.

For example, with the relay CH? deenergized, as
Previously explained, the relay GD? is energized
(later to be explained) which causes the buses
841, 802 and 803 to be connected to the group code
jumpers 320, 321 and 322. Thus, during the ex-
ecution period of the transfer step (sixth), the
relay P is energized or is left deenergized de-
pending upon whether the group code jumper 328
is connected in an active or inactive position re-
spectively. If the code jumper 320 is connected
in an inactive position, the relay P remains de-
energized; but if it is connected in an active po-
sition, it is energized from (+), through group
code jumper 328, front contact 323 of relay GD3,
indication bus 861, front contact 324 of stepping
relay 6, back contacts 328, 328, 327, 328 and 329 of
stepping relays 5, 4,3, 2 and 1 respectively, wire
330, front contact 18 of transfer relay TR, wire
119, lower winding of relay P, wires 128 and 121,
back contact {22 of relay LR, to (—).

During the conditioning period of the next step
(seventh), the relay P is held in its prior condi-
tion in a manner heretofore pointed out, and
conditions the relay PR in accordance therewith,
The energization of the relay LR uncovers the
condition of contact 277 of relay P, thereby con~
ditioning the message circuit in accordance with
the code jumper 320. 'This condition of the
message circuit is maintained through the exe-
cution period of this step (seventh) by the con-
tact 257 of relay PR, which is held in its prior
condition, as heretofore pointed out,

Thus, if the group code jumper 320 is connected
in an active position corresponding to a (4) code
call, the message circuit is open during the sev-
enth step. - If on the other hand the code jumper
320 is connected in an inactive bosition, the mes-
sage cireuit remains energized during the seventh
step corresponding to a (—) code call. .

In g similar manner, this control of the mes-
sage circuit for the transmission of group code
calls may be carried on for ag many steps as de-
sired, but in the illustration only three steps
(seventh, eighth and ninth steps) are employed
for this purpose. The group code jumpers corre-
sponding to the group determining relay GD3 are
arranged to transmit g code call of +), (—),
(4) for registering the corresponding ‘group in

_the control office.

" .In the control office, irrespective of the par-
ticular station which is registered therein, the
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group selecting relays GS are connected through
the corresponding station registering relay C to
the indication buses 606, 607 and 608, if the in-
dications of the corresponding station are di-
vided into more than one group.

“During the conditioning period of the seventh
step, the stepping relay g is energized. Thus,
upon: the deenergization of the stepping circuit
for the execution period of this step, the indica~-
tion bus 606 is energized with positive or nega-
tive potential in accordance with the position of
contact 282 of the relay M° which either ener-
gizes or leaves deenergized the group selecting
relay GS! respectively. 1If, for example, the relay
MO is energized, (B—) is connected through front
contact 282 of relay MO, wire 283, back contact
284 of relay LR9, wire 285, back contacts 286,
287, 288, 331, 332 and 333 of relays &, b,c d, e
and f respectively, front contact 334 of stepping
relay g, indication bus 686, wire 33 5§, front contact
336 of station relay C? wire 337, group selecting
bus 338, upper winding of relay G81, to (B—). In
this case, the relay GS! remains deenergized as
like potentials are applied to both terminals of
its upper winding. If on the other hand, the

“relay M? is deenergized, (B4-) is applied through
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the circuit just traced including back contact 282
so as to energize this relay GS.

Similarly, during the execution period of the
remaining group selecting steps, the relays GS?
and GS? are respectively controlled in accord-
ance with the energized or deenergized condition
of the relay MO, )

When a group selecting relay GS is energized
it is maintained energized for that cycle of op-
eration through a stick eircuit. For example,
when the relay GS! is energized, a stick circuit
is closed from (+), through front contact 39 of
relay SLS, wires 289, 299, 291, 282, 283, 294, 255,
296, 297, 218, 299, 339, 340 and 341, front contact
342 of relay GS, lower winding of relay GSt, to
().

With the relay GD3 energized for this cycle
of operation, the code call transmitted is (4,
(—), (4), as heretofore pointed out, so that the
relays GS! and GS? will be energized, while the
relay GS? will remain deenergized. The contacts
of these group selecting relays GS are arranged
in a fan fashion in a similar manner as the con-
tacts on the station selecting pilot relays PT so
that the application of positive potential to the
heel of contact 343 of relay GS3, applies energy
to a particular one of the group registering buses
501, 502, 503, 504, 505, 506, 5017 and 508 corre-
sponding to the group code call transmitted by
the field station. - )

The relay GS3, the last to be operated, is ener-
gized or left deenergized during the conditioning
period of the last group registering step (ninth),
5o that energy is applied to the particular group
selecting bus to be energized during the execu-

tion period of this same step (ninth) .

The station registering relay CR connects,
through front contacts the bank of indication
group registering relays IG corresponding to the
station selected, to the group selecting buses 891,
502, 503, 504, 505, 506, 507 and 508, so that one
of these relays is energized in accordance with

‘the group code call transmitted, as registered on

the ‘group selecting relays Gs.

For example, with. a field station registered by
‘thé energization of the relays C? and CR?, then
the relay IG3 is energized during the condition~
ing period of the tenth step through a circuit
closed from (—), through polar contact 221 of

23
relay HS? in a left hand position, wire 222, front
contact 223 of relay LRY, wire 344, front contact
345 of relay SLY, wire 346, back contacts 341, 348,
349, 350, 35, 352, 353 and 354 of relays a, b, ¢,
d, e, f, g and h respectively, wire 355, front con-
tact 356 of relay i, wires 35T and 358, front con-
tact 343 of relay GS3, back contact 358 of relay
GSe, front contact 360 of relay GSY, group select-
ing bus 503, front contact 361 of relay CR3, wind-
ing of relay IG3, to (4.

This energized relay IG3 is maintained ener-
gized by the use of an indication group stick re-
lay IGS which is energized in multiple therewith,
from wire 351, through wires 362 and 363, wind-
ing of relay IGS, wires 364, 305, 296, 295, 294,
293, 292, 291, 290 and 289, front contact 39 of
relay SI9, to (+4). The momentary energization
of the relay IGS closes front contact 365 con-
necting negative potential (—) through "front

contact 365, wire 363, winding of relay 1GS, -

thence through the circuit heretofore traced in-
cluding front contact of relay SLY, to (+4+). The
relay IG3 receives energy until the end of the
cycle when relay IGS is deenergized, through a
circuit from (—), through front contact 365 of
relay IGS, wires 362 and 358, front contact 343
of relay GS3, back contact 369 of relay Gs?, front
contact 360 of relay GS1, group selecting bus 503,
front contact 361 of relay GR3, winding of relay
IG3, to (4.

The registration in the control office of a par-
ticular group of a field station having new in-
dications to communicate to the control office
has been explained, and by way of example the
third indication group for the station illustrated,
is explained as registered by the energization of
station registering relays C? and CR? and the in-
dication group relay IG3.

Transmission of indications.—As the relay P is
conditioned by a particular code jumper during
the execution period of each step preceding the
step upon which the message circuit is condi-
tioned in accordance with that code jumper, the
relay P is conditioned during the execution period
of the ninth step in accordance with the indica-
tion, contact of the first indication to be trans-
mitted on step ten.

Tor example, with the relay GD3 energized,
the indication contact 386 of relay STR is con-

‘nected to the indication bus 884, so as to condi- |

tion the relay P in accordance therewith. If
front contact 366 is closed, then the relay P is
energized during the execution period of the
ninth step; but if the front contact 366 is open,
then the relay P remaing deenergized, thus caus-
ing the message circuit to be open or closed dur-
ing the tenth step in accordance with the closed
or open condition of contact 366 of relay STR.

If, for example, the relay STR is energized due
to a train having passed over the detector track
section 'TK; then the relay P is energized dur-
ing the execution period of the ninth step through
a circuit from (4, through front contact 366 -of
reiay STR, wire 3617, front contact 368 of relay
'GD3, indication bus 804, front contact 327 of
gtepping relay 2, back contacts 328 and 329 of
stepping relays 2 and | respectively, wire 330,
front contact {18 of relay TR, wire {19, lower
winding of relay P, wires 120 and 121, back con-
tact 1922 of relay LR, to (—).

Likewise, the contact 369 of signal relay SIG

" and the contact 370 of relay WP similarly -en-

-ergize or leave deenergized the relay P in ac-
cordance with the positions during the execu-
tion period of their respective steps tenand
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eleven, so as to control the message circuit in
accordance therewith on steps eleven and twelve
respectively.

- In the control office during the execution period
of the tenth step, positive or negative potential
is applied to the relay IR! in accordance with
the energized or deenergized condition of the re-
lay MO through a circuit from either (B—) or
(B4-), through either front or back contact 282
of relay M? respectively, wire 283, back contact
284 of relay LRY, wire 285, back contacts 288, 2817,
288, 331, 382, 332, 334, 374 and 872, front contact
313 of relay 4, indication bus 662, wire 374, front
contact 375 of relay C%, indication buz 376, wire
371, contact 218 of relay IGS3, winding of relay
IR, to (CN). If the message circuit is open, in
accordance with the closed condition of front
contact 866 of relay STR at the field station, then
(B++) is placed upon the relay IR? causing con-
tact 379 to be actuated to a left hand position;
while if the message circuit is energized in ac-
cordance with the opened position of front con-
tact 366 of relay STR, then (B—) is placed upon
the relay IR! causing the contact 379 of relay IR!

‘to be actuated to a right hand position. With the

contact 3719 of relay IR! in a left hanhd position,
& circuit is closed for indicator lamp I from (+),
through polar contact 372 of relay IR' in a left
hand position, wire 388, indicator lamp I,to (—).
In other words, if the contact 368 of relay STR
is closed, then the indicator lamp I is illuminated,
but if the contact 366 of relay STR is cpen, then
the indicator lamp I is not illuminated, indi-
cating the occupied or unoccupied condition re-
spectively of the track circuit TK. .

In a similar manner, the relays IR? and IR?
are controlled upon their respective steps in ac-
cordance with the energized or deenergized con-
dition of the message circuit on those steps gov-
erned by their respective indication contacts
369 and 370 of the relays SIG and WP respec-
tively. The contacts of the relays IR? and IR3
may respectively be employed in any suitable
‘manner to indicate the condition of the signals
SE!, SE?, SW!, SW? and the position of the traci
switch T'S.

The indication storing relays IR associated
with each of the other relays IG!, IG2, ete., to
IG® are also connected to the buses 376, 88t
and 382 when the corresponding relay IG is ener-
gized, but only one of which may be energized at
one time. ’

"At the end of the last step (twelfth) the cyele
controlling relay CC is energized with the last
step relay LS (see Fig. 1C) energized, causing
the system to enter the period of blank in readi-
ness for another cycle of operation, as previ-
ously explained.

During such a cycle of operation, where only
one group of a particular station has indications
to transmit, the change relay CH for that group
is energized or resensitized, so to speak, during
the transfer step (sixth). :

For example, assuming the relay GD3 to he
energized, a pick-up circuit is completed for the
relay CH3 from (4), through front contact 28%
of stepping relay 8, wire 384, back contact 385
of relay TRR, wire 388, front contact 387 of relay
ST, wires 388, 389 and 390, front contact 291 of

relay GD?, wire 392, upper winding of relay CH3,

to (). )

Also, during such a cycle of operation, with
the relays SI and TR both energized, the stick
circuit for the relay CHS is opened ai bhack con-
tacts 248 and 248 of relays SI and TR respactively,
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so that the system is not again- initiated until
another change in-indication condition occurs.

However, if other groups in the same station
have new indications to transmit, the change
storing relay CHS is not deenergized during the
cycle, and the sysiem is again automatically in-
itiated into operation for the transmission of
such remaining new indications, in a manner
presently to be explained.

Sequence of group registration.—-It may hap-
pen, as previously pointed out, that among the
large number of devices having indications to
be transmitted from a particular field station,
several such devices associated with different
groups may change conditions simultaneously or
in rapid succession, so as to condition several
groups at the same station to have new indi-
cations standing ready for t{ransmission at the
same time. These groups are registered in the
control office for transmitting their indications
during separate cycles, one group for each cycle,
in an order or sequence determined by their rela-
tion to the group determining relays at that field
station. -

Each group of devices, having indications to be
transmitted, has associated therewith a change
relay CH and a group determining relay GD (see
Fig. 2B). Hach change relay CH is controlled
through a normally closed stick circuit, as above
pointed out, so that a change in condition of
any device within a particular group of devices
causes the deenergization of the corresponding
change relay.  The deenergization of one or more
of the change relays CH causes the energization
of the change storing relay CHS, to thereby in-
itiate a cycle of operation. ’

If several change relays CH are deenergized
in rapid succession, the relay CH firs deenergized
will pick up its corresponding GD relay during
the period of blank, but thereafter the other
GD relays will pick up in a sequence from left
to right, one for each operating cycle, providing
of course that- the indications, associated with,
the particular relay GD energized for the pre-
ceding cycle, have been transmitted. TIn other
words, the relays CH and GD for each group are
so interlocked, that irrespective of the number
of change relays CH which are deenergized at
any one time, only one group determining ‘relay
GD may be energized at that time. :

This is in part accomplished by including in
the pick-up circuit of each ‘group determining
relay GD, the back contact of its corresponding
change relay CH, and a front contact of each

change relay CH to the left of it, as well as a

back contact of each group determining relay
GD to the right of it. :

For example, the pick-up circuit for the relay
GD?, assuming only the relay CH? to be deener-
glzed and the system to be at rest, is closed from
(+), through back contact 73 of relay SL, wire
383, front contact 394 of relay CH!, wire 895,
back contact 388 of relay CH2, wire' 397, upper
winding of relay GD?, wires 898 and: 389, back
contact 428 of relay GD?, to (—).

This pick-up circuit for the relay GD? is closed
only while the system is in the period of hlank,
as 1t includes back contact 73 of relay SI. It
can also be seen, that this relay GD? cannot
be energized through its pick-up circuit if either
the relay CH! is deenergized or the relay GD3
is energized by reason of front contact 394 and
back contact 429 respectively - included in this
pick-up circuit, : - :

Similarly, the pick-up circuit for the relay GD3,
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.GD includes a front contact
change relay CH to the left thereof. For exambple,

. this second cycle the relay CH?

"for that cycle through

" and & respectively,

" {llustrated by relay
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assuming only the relay CH3 to be deenergized, is
closed from (4, through back contact 13 of
relay SL, wire 393, front contact 394 of relay
CH!, wire 395, front contact 396 of relay CH?,
wire 421, back contact 422 of relay CH3, wire
423, upper winding of relay GD?, to (—).

This pick-up circuit for the relay GD?3 does not
include a back contact of any other GD relay, as
it is illustrated as being the last in the order or
sequence. It cannot be picked up, however, with
some other relay GD energized, as the change re-
lay CH corresponding to such energized relay GD,

would be deenergized, thereby opening the pick-

relay GD3.
change relays CH are deener-

up circuit of the
When several

" gized at the same time, the group determining

relays GD are energized in an order or sequence
from left to right by reason of the fact that the
pick-up circuit of each group determining relay
of the preceding

assuming the relays CH!, CH? and CH? have heen
deenergized, the pick-up circuit for the relay GD*
is the first to be completed, as back contact 394
of relay CH! is closed; while front contact 394
is opened thereby preventing the closure of the
pick-up circuit for the relays GD? and GD3 at
this time. After a cycle of operation for trans-
mitting the indications associated with GD!, the

relay CH! is energized, thereby closing front con-

tact 394, so that the relay GD? is the next group
determining relay to be energized; but the group
determining relay GD?
picked up by open front contact 386. Fowever, on
is energized, so
the relay GD? is picked up for the third cycle.
This sequence is the same {rrespective of the num-
ber of groups provided.

When any group determining relay GD (except
the last) is energized, it is maintained energized
a stick circuit including
a back contact of each group determining relay
to the right thereof. For example, the relay GD2
is maintained through
through back contacts 424 and 383 of relays TRR
wires 425 and 426, front con-
tact 427 of relays GD2, lower winding of relay
GD?, wires 428 and 399, back contact 420 of relay
GD3, to (—).

The last group determining relay to the right,
GD?, is maintained through
a similar stick circuit, but - does not include a
back contact of any relay GD.

The energization of a group determining relay
GD, only one of which may be energized at a

" time, causes the indication buses 881, 802 and

803 to be connected to the respective group code
jumpers for the corresponding group. Thus, after
the system is initiated into operation and the
station code call of the corresponding station has
been registered in the control office, the code
call of the group associated with the particular
group determining reiay GD, then- energized, is
transmitted so as to register that group in the
control office.

Also, the energization of the group determining
relay GD connects the indication contacts of that
group to the indication buses 808, 805 and 806,
so that after the registration of the station and
the group, the indications are transmitted.

1n some cases, the indications to be transmitted
are of a . temporary character, that is, they do
not always continue to exist until they have been
transmitted. 'This may be best illustrated by a
track circuit which is particularly short. For

is prevented from being.

a stick circuit from (4,

25

example, a train passing over a short track cir-
cuit may deenergize the associated track relay,
pass beyond. that track circuit and again ener-
gize the track relay, before a system of this type
shall have transmitted the occupied condition of
that track circuit. Such indications require that
some storing means be employed in connection
therewith.

A storing relay STR is provided in connection
with the track relay T associated with the track
section TK (see Fig..2B), but it is to be under-
stood that a similar storing relay may be associ-
ated with such other indicating devices as may
be desired. This storing relay STR is energized
by. the deenergization of. the track. relay T
through -a circuit obvious from the drawings.
The energization of the storing relay opens mo-
mentarily the stick circuit-.of the corresponding
change relay-CHSZ, thereby initiating the system
and energizing the corresponding group deter-
mining relay GD?.

The deenergization of the change relay CH?
closes a stick cireuit for the relay STR from +),
through back contact 429 of relay CHB3, wires 430
and 431, front contact 432 of relay STR, lower
winding of relay STR, to (—). This stick circuit
then causes the-storing relay STR to be main-~
tained energized:in the event that the track re-
lay T is energized prior to the transmission of
the associated.indication. - The energization of
the relay GD?3 closes, in multiple with the con-
tact 429 of relay. CHS3, a stick circuit from (+),
through front contact 433 of relay GD3, wire 431,
front contact 432 of relay STR, lower. winding of
relay STR, to (), Thus, the relay STR isin-
sured -of being maintained energized until: the
corresponding indication determined by front
contact ‘366, is transmitted. )

When the station. is selected with a change
relay CH deenergized and its corresponding group
determining relay GD energized, a pick-up circuit
for that change relay CH is completed during the
transfer step (sixth in this case), as heretofore
pointed out.

Inasmuch as only one group determining relay
GD may be energized or picked up at the begin-
ning of a particular operating cycle, only the
corresponding change relay CH may be energized
on the transfer step, (providing the station is se-
lected) irrespective of the number of change re-
lays which may be deenergized.

Also, the selection or registration of the sta-
tion opens the stick circuit of the change stor-
ing relay CHS with the relays SI and TR both
energized on the sixth step, as above explained,
and thus deenergizes the relay CHS. This is true

“however, only when a single .change relay CH

has been deenergized, or in other words, any time
a change relay CH is deenergized, the change
relay CHS is caused to be energized through its
pick-up circuit. Thus, if at the end of a cycle of
operation a change relay CH is still deenergized,
the relay SI is maintained energized through its
pick-up circuit if that station was selected for
the preceding cycle, and the relay PR is energized
after the deenergization of the stepping relay 6
and the relay SL, so as to immediately initiate
the system into another cycle of operation.

At the end of a cycle in which the station has
been registered, the particular group determining
relay GD energized for that cycle drops out by
reason of the opening of back contact 383 of
stepping relay 6.on the twelfth step. This stick
circuit for the relay GD is not opened upon the
sixth step with the stepping relay 6 energized, as
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the transfer repeating ‘relay TRR is not- ener-
gized in response to the station selection or reg-
istration, until the stepping relay 6 has been de-
energized after the energization of the stepping
relay 1 for the seventh step.

The deenergization of g group determining re-
lay GD, such as relay GD3 for example, at the
end of a cycle, opens the stick circuit of the as~
such-as storing relay STR,
at open front contact 433, as the corresponding
change relay, such as relay CHS3, has been ener-
gized on the transfer step (sixth) opening back
contact 429. The deenergization of any particu-

lar group determining relay GD at the end of g

cycle of operation allows the next group deter-
mining relay GD to be picked up, if any change
relay CH remains energized, as soon as the relay
SL: assumes a deenergized position.

In brief, each change relay CH is deenergized
by a change in condition of one of its associated
devices, and the group determining relays GD
corresponding to these change relays CH which
are deenergized, are respectively energized in g
sequence from left to right, one at a time for each
operating cycle. The change storing relay CHS
is energized by the deenergization of any one or
several of the change relays CH and is main-
tained energized until all of the change relays CH
have been energized or resensitized. If only one
change relay CH is deenergized, then the change
storing relay CHS is maintained energized only
until the station has been conditioned for the
transmission-of the new indications for the group
corresponding to that change relay. v

The contacts controlling the indication buses
for the transmission of the associated indications
may be connected directly to the devices to be
indicated or may be connected to a suitable stor-
ing device or relay as illustrated by relay STR,
50 as to maintain the indication condition until
the system has transmitted such condition re-
gardless of the change of the actual device prior
to the transmission of the indication of such
changed condition, -

Sequence of station registration—With -the
movement of trains and the control of various
devices ocecurring either simultaneously or in
rapid succession at various times, it may happen
that one or more groups of indications at each of
several field stations are standing ready ' for
transmission at the same time. In such a case;
the change storing relays CHS are energized at

each of these field stations having new indica- -

tions to transmit. This results in the opening of
the series message circuit at each- of several
points which causes it to be deenergized the same
as opening it at one point in the case where only
one field station has indications standing ready
for transmission.

In other words, the energization of the change
storing relay CHS at each of several field stations
energizes the selecting relay ST at each of these
stations and also energizes the relay PR at each
of these stations. This deenergizes the message
circuit in a manner heretofore pointed out, de-
energizing the relays M at the control office and at
each of the field stations,

The deenergization of the relay M? in the con-
trol office initiates the System, as previously ex-
blained, by the energization of the starting relay
ST and the cycle controlling relay CC. If no
controls are to be fransmitted on the same cycle,
a series of negative impulses (—) is placed on
the stepping circuit to cause the operation of the
stepping relay banks at the control office and at
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each field station. On the other hand, if controls
are to be simultaneously transmitted, impulses
are applied of selected polarities, later to be ex-
plained. Thus, the stepping relay banks are
caused to operate sequentially and in synchro-
nism in either case.

Upon the application of the first impulse to the

stepping circuit, the quick acting line repeating
relay LR at each field station is energized shunt-

ing the contact 257 of relay PR and uncovering

the contact 277 of relay P at each station. At
those stations where the change storing relay
CHS is energized, the relay PR and the relay SI
are energized during the period of blank., During
the conditioning period of the first step after
the relay SI. has become energized, the relay SI
at each of these stations is held energized

through a holding stick circuit (see Fig. 2A for:

example) from (4), through front contact 123
of relay LR, wire 124, front contact 125 of relay
SL, wire 128, back contact 129 of relay TR, wires
130 and 276, front contact 271 of relay SI, upper
winding of relay SI, to (—); while the relay PR
at each of these stations assumes its position in
accordance with the relay P during this condi-
tioning period (first), inasmuch as itg pick-up
circuit, due to the energization of the change
storing relay CHS, is open at back contact {4( of
relay SL. Thus, during the conditioning period
of the first step, the relay SI is energized at each
of the stations having new indications to trans-
mit, so that the energization of the message cir-
cuit is dependent upon, the condition of the con-
tact 277 of the relay P at each of these stations,

The relay P at each field station (see Fig. 2A)
is controlled in accordance with the station code
jumper 110 during the period of blank and the
relay PR is controlled in accordance with the
condition of the relay P during the conditioning
period of the first step, as previously pointed out.
This energizes either the “+” or “—* bus at each
station in accordance with the code call assigned
to that station, which always happens irrespec-
tive of the function to be accomplished by the
particular cycle of operation.

The selecting stick cireuit for the relay SI at
each of these stations (see Fig. 2A for example)
is connected from (=), through lower winding
of relay SI, front contact 434 of relay ST, front or
back contact 435 of the relay M at each of these
stations to either the “._» bus or the “4- pus
respectively depending upon whether the relay M
at each station is energized or deenergized.

If the station code call begins with a (—) at
each of the stations having indications standing
ready for transmission, then the relay P at each
of ‘these stations is deenergized, so that the mes-
sage cirecuit is completed; but if any one or all
of these stations has g code call beginning with
& (4, the relay P at such a station is energized
opening the message circuif at back contact 277.
This deenergizes the message circuit and causes
the relays M at the control office and at each field
station to be deenergized. In other words, those
stations having a () code call are superior to
those having a (—) code call,

If the message circuit remains energized, then
the selecting stick circuit for the relay SI is con-
nected to the “— bus” at each of the stations
calling; but if the message circuit is deenergized,
then the selecting stick circuit for the relay SI
is connected to the “+ bus” at each of the sta-
tions calling. This means, that, if there is no
station calling which has 3 (4) code call; the
relays SI have their selecting stick circuits con-
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hected to the “— bus” corresponding to the bus
which is energized at such ealling stations; but,
if one or more stations among those calling have
2. (++) code call, then the selecting stick circuits
of each of the relays SI at each of the stations
calling is connected to the “- bus”, correspond-
ing to the bus which Is energized at only those
calling stations having a code call beginning with
a (4) impulse. '

During the execution period of the first step,
the relay PR at each station, having been condi-
tioned in accordance with the code call of the
station through the relay P, causes the message
cireuit to continue in the condition estahlished
by the relay P by uncovering the contact 251 of
relay PR and shunting or covering the contact
271 of relay P.

The holding stick circuit, completed during the
conditioning period (first),
contact 123 of relay LR during the execution
period (first), so that the relays SI at the sta-
tions calling are dependent for energization upon
their selecting stick circuits. If the selecting
stick circuit of the relay SI at a station is con-
nected to the particular “4” or “«_» pus which
is energized in accordance with the code call of
that station, then the relay SI is ' maintained en-
ergized during this execution period; but if the
selecting stick circuit of the relay SI is con-
nected to the bus which is deenergized, then the
relay SI at such station is dropped out shunting
the contacts 277 and 251 of relays P and PR re~
spectively by closing back ‘contact 286, This
causes such stations to be silent, 5o to speak, pre-
venting them from further controlling the mes-
sage circuit. FHowever, at those stations where
the selecting stick circuit for the relay SI is con-
nected to the particular “4-” or “_» pus which
is energized, then the relay ST is maintained
energized during such execution period and are
maintained or held during the conditioning pe-
riod of the succeeding step (second) -through
their holding stick circuits including front con-
tach 123 of relay LR. ) - i

Thus. it can be seen that a station having: a -

code call beginning with a (+) is capable of con-
trolling the message circuit and connecting the
selecting stick circuit of its SI relay to the “4
pus” which is the one energized at that station,
thereby maintaining or selecting the SI relay for
that step and dropping out the relays SI at those
stations having code calls beginning with a ().
_ During the execution period of the first step,
the relay P at each field station is controlled in

. accordance with its respective station code jump-

er 152, so that upon the application of the next
impulse (second) to the stepping circuit, the
message circuit is immediately controlled in ac-
cordance with the position of contact 277 of the
relay P, by reason of open pback contact 279 of
relay LR. During this conditioning period (sec-
ond) . the message circuit is conditioned in ac-
cordance with the position of the relay P at those
stations where the relay ST is still energized. and

- the selecting stick circuits of these relays SI are

- eofinected to the -7 or “_» hus at the corre-

sponding stations in accordance with. the na-
ture of the code calls of those stations still eall-
ing. These relays SI are selécted or dropped out

- in sccordance with the superiority of the par-

ticular code impressed on the message circuit,
in a similar manner as described for the first
step. .

This station selection may be carried on for as

¥6 many steps as desired, depending upon the total

is opened at fromt-

27

number of stations between which selection is to
be made. The relay SI remains energized or
selected at only one field station when the fotal
number of station selecting or registering steps
have been taken.

The resulting condition of the message circuit
on each step, regardless of the number of stations
calling, is registered in the control office by the
relay M? suitabiy controlling the registering re-
lay banks the same.as when only one station is

-calling.

The particular station which is registered in
the control office and selected in the field when
several are ready to transmit indications at the
same time, is the one which has the most superior
code call, that is, the station which opens or
deenergizes the message circuit upon the earliest
step, or the greatest number of steps, among the
station selecting steps of the cycle.

The feature of selecting one of several stations
according to the superiority of their respective
code calls, has been explained and set forth in
great detail in the above mentioned pending ap-
plication of N. D. Preston et al., Ser. No. 455,304,
filed May 24, 1930, now U. S. Letters Patent
2,129,183 granted Sept. 6, 1938, and need not be
herein set forth in detail.

One feature of the present jnvention more par-
ticularly pertains to the manner in which -the
message circuit is controlled or governed in ac-
cordance with the code calls immediately upon
the energization of the stepping circuit and simul-
taneously with the operation of the step-by-step
mechanisms at the field stations. This feature
may-be best understood by briefly summarizing
the above described operation with reference to
Fig. 5 of the accompanying drawings, ‘which il-
Justrates in a graphic manner the sequence of
operation of certain relays in what may be termed
o typical operation chart.-

As- previously explained, the first column in
the chart (reading from left to right) designates
the relays or the like, which are to be described,
while the remaining columns designate in order
the operations of these relays as they occur dur-
ing a cycle of operation. The operations are de-
scribed in the chart by the use of certain key
words which are taken from the description, as
will be readily apparent: :

The stepping circuit is deenergized during the

period of blank and during the execution period

of each step; while it is energized with positive or
negative impulses during the conditioning period
of each step in accordance with the code calls
or-controls being transmitted. In the case where
only indications are being transmitted, then the
stepping circuit is energized with a series of
negative impulses forming a code call which has
not been employed for the selection of any sta-
tion or the selection. of any group of any station.
Whenever the stepping circuit is deenergized, the
relay LR is deencrgized and its contacts are
down; but whenever the stepping circuit is en-
ergized, irrespective of the polarity, the relay LR
is energized and its contacts are up.

~ Par.the transmission of indications (see Fig. b
under “incoming”), the relay ¥ at each field sta-
tion is conditioned during the period of blank in
accordance with the first code jumper of the cor-
responding station and thereafter during the exe-
cution period of each step in accordance with the
respective code- jumpers or indications to. be

transmitted; while the condition of the relay P

established during such period o_f blank and the
execution period of each step is- maintained or
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held during the conditioning period of each suc-
ceeding step, irrespective of whether the relay P
was in an energized or deenergized condition.

During the period of blank the contacts of
the relay PR are normally down, but when g
field station initiates the system into operation,
the relay PR at that station is energized so that
its contacts are up (see Fig 5 under “incoming”).
However, irrespective of whether the relay PR is
energized or deenergized during the period of
blank, it is conditioned in accordance with the
relay P during the conditioning period of each
step, such condition being held or maintained
during the corresponding execution period of
each step.

If the station code call requires a (—) im-~
pulse for a step, the relay PR is deenergized for
that step; while, if the station code call requires
a (+) impulse for a step, the relay PR is ener-
gized for that step.

The contact 279 of relay LR shunts the mes-
sage circuit controlling contact 217 of relay P,
when contact 2719 is down, and uncovers con-
tact 257 of relay PR. On the other hand, this
contact 279 of relay LR shunts the message cir-
cuit contrelling contact 257 of relay PR, when
contact 279 is up, and uncovers the contact 2771
of relay P. With reference to Fig. 5, it can be
seen. that the relays P and PR are conditioned
on alternate periods of each step, when the con-
tact 27§ of relay LR is in such a position as to
cover or shunt their respective message circuit
controlling contacts. In other words, these re-
lays can control the message circuit only when
they are in stable or held conditions. As the re-
lay P is conditioned during the execution period
of the step preceding the step upon which it is
effective (except in the case of the first step for
which it is conditioned during the period of
blank), its message circuit controlling contact
277 is in a stable or held condition immediately
upon the application of an impulse to the step-
ping circuit. This condition is immediately un-
covered by the relay LR, simultaneously with
the operation of the stepping relays. :

The relay SI is normally deenergized, but when
a station initiates the system from the field, the
corresponding ‘SI relay is energized during the
period of blank, so that its contacts are up to
allow the contacts 277 and 257 of relays P and
PR to control the message circuit, If the relay
ST is not energized upon the application of the
first impulse to the stepping circuit (conditioning
period of the first step), it may not then be en-
ergized until the period of blank following that
cycle of operation; but if the relay SI is ener-
gized, then it is maintained or held energized
upon the conditioning period of the first step.

The energization of the relays SI and PR, due
to a change in condition of the indications at a
particular station, causes the system to be initiat-
ed by the deenergization of the message circuit
during the period of blank.

The message circuit is energized. or deenergized
on each step in accordance with code calls of
the stations calling by reason of the relays P
and PR at those stations. The relays M at the
control office and at each field station assume po-
sitions in accordance with the resulting condition
of the message circuit, which, if deenergized,
corresponds to a  (4-) code call impulse, but if
energized, corresponds to a (—) code call im-
pulse.

Upon the conditioning period of the first step,
the relays SI, which are energized at those sta-
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tions calling, are held or maintained energized
while the relays and message circuit are assum-
ing stable conditions.

Upon the execution period of the first step,
the relay SI, which are energized at those sta-
tions calling, are selected or maintained energized
if the resulting code call on the message cir-
cuit corresponds to the code call of the respec-
tive stations; while at those stations where the

code calls do not correspond the relays SI are -

dropped out. In other words, if the relays PR at
certain of the calling stations are deenergized
corresponding to a (—) code call impulse, and
the message circuit is deenergized corresponding
to a (+) code call impulse, then the relays SI
at those stations are dropped out; while at cer-
tain of the stations the relays PR are energized
corresponding to a (+) code call impulse which
causes the relays SI to be selected or maintained
at such stations. This means that a (+4) code
call impulse assigned to a station gives that sta-
tion a superiority with respect to the stations re-
quiring a (—) code impulse. If all the stations
calling require either a (—) or a (+) code call
impulse, then the message circuit is of course
either energized or deenergized respectively in
correspondence therewith which causes the re-
lays ST to remain energized at such stations.

Upon the conditioning period of the second
step, those relays SI of the stations calling which
remained energized through the execution period
of the first step, are held or maintained ener-
gized until the execution period of the second
step when they are selected or dropped ouf in
accordance with the resulting code call impulse
on the message circuit, in 3 similar manner as
explained for the first step.

This selection of a relay 81, or in other words,
the comparison between the code call resulting
upon the message circuit and the code call of the
stations occurs during the execution period of
each of the station selecting or registering steps
of the cycle, until the total number of selecting
steps have ‘been taken and only one station is
registered in the control office and the corre-
sponding station is selected in the field.

This scheme of selection may be said to be
upon the sub-division or elimination basis, as all

- of the station selecting relays SI are energized at

the beginning of g cycle, if all of the stations
have new indications to transmit, and one half
of those relays are deenergized upon the first step,
one half of the remaining relays deenergized upon
the second step, and so on, until the ST relay at
only one station remains energized.

When a station is selected by maintaining its
relay SI energized, which results in the energiza-
tion of the transfer relay TR upon the transfer
step ‘(sixth), then the change storing relay CHS
is dropped out as the contacts 248 and 249 of the
relays SI and TR respectively are energized open-
ing the stick circuit of this change storing relay.
However, if the relay SI at a, station is dropped
out during such a. registering cycle, as some more
superior station dominates the message circuit,
then the change storing relay CHS is maintained
energized until the corresponding station be-
comes the ‘most superior station and dominates
the message circuit so as to register its code call
in the control office and maintain energized or
select its relay SI for that cycle of ‘operation.

Two-way transmission.—The preceding de-
scription points out the operation of the system
in response to the actuation of a’ control lever
for the transmission of controls to a selected field
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station during an operating cycle, and-also the
speration of the system oceurring by reason of one
or- several field stations having new indications to
transmit, for the registration of a particular sta-
tion in the control office and the control of suit-
able indication storing relays associated with that
particular station. From such description, it will
be readily observed that the transmission of con-

trols to a selected station takes place over the .

gtepping circuit, while the transmission of indi-
cations takes place over the message cireuit inde-
pendently of the polarity of the stepping impulses.

Thus, the system of this invention functions
for the transmission of controls to any selected
station and the transmission of indications from
that station or any other station during the same
operating cycle, which feature of the present in-
vention may be conveniently termed two-way or
duplex transmission.

More specifically, the “47” or “—" bus at each
field station is energized in accordance with the
code call of that station irrespective of the type
of operating cycle which occurs. The relay SO at
each station is energized at the beginning of every
operating cycle, irrespective of whether controls
are to be transmitted or not, and is dropped out
in accordance with the code call transmitted. If
the code call transmitted is one which is not as-
signed to any station, such for example as a (—)
impulse for each selecting step, employed when
only-indications are being transmitted, then every
SO relay is deenergized at the end of the station
selecting part of the cycle, so that false controls
are-not transmitted; but, if the code call trans-
mitted is one which is assigned to a particular
station, the relay SO is dropped out at each sta-
tion except at the station having that code call.

“The SI relay at each station is energized at the
beginning of each cycle, if its corresponding
change storing relay CHS is energized, and is se-
lected or dropped out in accordance with the code
call impressed upon the message circuit, inde-
pendently of the SO relay and hence independent~
1y of the polarity or nature of the code call trans-
mitted over the stepping circuit. : -

When the relay SO is energized together with
the transfer relay TR, the control buses 161, 702,
183, 104, 185 and 106 receive positive or negative
impulses upon - their respective steps in accord-
afice with the group code calls and controls trans-
ritted,  When the relay ST is -energized to-
gether with the transfer relay TR, the indication
buses-801, 802, 803; 804, 805 and 806 are.employed

to control the relays P and PR upon the respec-

five steps, in accordance with the group code calls
and indications transmitted. In other words, the
energization of the relay TR at the end of the
station selecting part of the cycle determines the
while -the energization
of the relay SO or the relay SI determines the

. particular type of cycle of operation. -

- This independent selection. of the relays SO and
ST in accordance with code calls on their respec-
circuits, causes each field station
to be responsive on each ‘operating cycle to: those

controls and/or indications existing -at the be-

ginning of the cycle and which may occur-at regu-
lar-6¥ irregular time intervals, successively or si-
multaneously at the control office and-at the var-
jous field stations tespectively. . Such o “system,
provided with two-way transmission has:been set
forth in great detail-in the above mentioned pend-
ing application of N.. D. Preston et al., Ser. No.
455;304, filed May 24, 1930, and need not-be fur-
ther iexplained. . .

29

Station suppression.—The communication sys-
tem embodying the present invention provides
that each field station may initiate the system
into-operation, so as to register its code call in the
control -office in accordance with its superiority
with respect.to.the code calls of the other sta-

. tions which are also endeavoring to register them-

selves in the control office for that cycle of opera-
tion, afier which the particular station having
registered itself in the control office, transmits its
indications.

However, it may happen for one reason or an-
other, that some field station may monopolize the
message circuit for a large number of operating
cycles, that is, some station might cause the sys-
tem to be initiated during each succeeding period
of :blank ‘and register ifself in the control office,
thereby preventing some important indication
from some other station, which has been assigned.
an inferior code call with respect to the code call
of such station, from. being transmitted to the
control office. This condition, where a particular
field station may monopolize the message circuit,
may arise from several conditions or combination
of eircumstances, such as for example, the failure
of some part of the field station equipment, or a
train crew might contemplate making a large
number of local train movements within a given
territory, which movements would be unrelated to
the major train movyements then under the con-
sideration of the centrally located operator.

In accordance with the present invention, a cut-
out -lever COL is provided in the control office
for each field station, so that the operator, by
simple manipulation of this cut-out lever, may
operate the contacts of a polar magnetic stick
type cut-out relay COR to either of two extreme
positions. When the contacts of this cut-out re-
lay are in one extreme position, that field station
operates in the usual manner to initiate the sys-
tem and register itself in the control office when
a change in the condition of the devices at that
station occurs; while with the contacts of this re-
lay COR in the opposite position, that field sta-
tion is prevented from’ initiating the system.  In
other words, the present invention provides that
the -operator may ~at - will ‘suppress a particular
station, that is, prevent it from -controlling the
message-cireuit, = o : L s

More specifically, a- cut-out lever COL (see Fig.
1A) is-provided with contacts 15 and 16. The
contact 16 is included in the normally closed stick
circuit of the storing relay SR, so that any time
tHe cut-out-lever COLs is moved to a new posi-
tion, the relay SR! is deenergized and the code
determining:relay CD!is energized in accordance
with' its location in the code determining bank,
so that the station code call of the corresponding
station is transmitted upon the resulting cycle of
operation. = : .

“When the cut-out lever COL is in a mnormal
position, the cut-out bus 436 is deenergized; but
when the cut-out lever COL is in a reverse dotted
line position, the cut-out bus 436 “is energized
from. ()., through- contact I5 in & dotted line
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position. 'The energization of the code determin- .

ing repeating relay CDR! connects the control
vus 406 to the cut-out bus 436 through front con-
tact 8371 thereby causing this control bus 406 to
be energized or deenergized in accordance with
the normal or reverse positions. respectively of
the cut-out lever COLx. The enérgized or deener-
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sixth stepping impulse to be either a (+4) or a
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30
selecting relay PS in 4 manner -previously de-
scribed. - ) o :

In other words, the movement of the cut-out
lever COL to a new bosition; causes the trans-
mission of the code call of the associated field
station and causes the transfer step for that cycle
to be taken by either a (—) or a (+) impulse on
the stepping circuit in. accordance with the posi-
tion of the cut-out lever COL. The transmis-
sion:of the station code call selects the corres-
ponding field station, which, in this case with
relay CDR! energized, is the station ustrated in
Figs. 2A and 2B, by causing the relay SO at that
station to still be energized at the end of the
station selecting steps.  With the relay SO ener-
gized upon the conditioning pericd of the sixth
step, the transfer relay TR is energized as pre-
viously pointed out. Irrespective of the particular
polarity of the impulse upon the stepping circuit,
the sixth step is taken, while the polarity of the
impulse suitably positions the impulse storing re-
lay IS, as previously pointed out,

Thus, during the execution period of this sixth
step with the relays SO and TR energized, a
circuit is completed for the cut-out relay COR
from either (B—) or (B+), through contact 165
of relay IS in a left hand or right hand position
respectively, wire 180, back contact {81 of relay
LR, wire 182, front contact 183 of relay SO, wire
184, front contact. 185 of relay TR, wire 186, back
contact 187 of relay TRR, wire. 438, winding of
relay COR, to (CN). Thus, if the stepping im-
bulse for the transfer step (sixth) is a {—) im-
bulse, (B—) is applied to the windings of the re-
lay COR and contact 439 is actuated to a left
hand position; while if the impulse for the trans-
fer step is a (+) impulse, (B+) is applied to
the windings of this relay COR and contact 438 is
actuated to a right hand position. This energiz-
Ing circuit for the cut-out relay COR is opened
by the energization of the transfer repeating relay
TRR during the conditioning period of the sev-
enth step with the stepping relay. I energized and
with ‘the stepping relay 6 deenergized.

In a system where it is more particularly de-
sired to prevent g field station from automatically
initiating’ the system in the case of trouble, such
for example as contact failure, or the like, the
cut-out relay COR is employed to complete the
message circuit through that station by shunt-
ing the message relay: M and the message circuit
controlling contacts of the relays:P, PR, LR and
SI at that station. .

For example, with reference to Fig. 24, the
cut-out relay COR is arranged to suppress.or pre-
vent that field station from initiating the system
by completing a shunt circuit, when the polar
contact 439 is in a right hand dotted line posi-
tion corresponding to a reverse. position of the
corresponding cut-out control lever COL in the
control office. This shunt circuit is traced from
the message line extending to- this field station,
through wire 448, polar contact 439 of relay COR
in a right hand position, wires 441 and 216, to the
message circuit extending to the next field station.

This control of the message circuit by the cut-
out relay COR is particularly useful in the event
of the failure of the message circuit controlling
contacts 257, 277, 2719 and 256, although the cut-~
out relay is. operated during a cycle :.of operation
thereby interrupting the transmission.: of indica-
tions for that cycle. But this arrangement is
breferably used only in.the event of failure at:a
field station, when such interruption of a cycle
is immaterial, as those indications being trans-

" CDRY,
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mitted for that cycle would probably be errone-
ous, even if they were transmitted.

On the other hand, where it is more particu-
larly desired to provide means so that the opera-
tor can at will prevent a field station from trans-
mitting certain indications until a later time, so
as to allow some other station with which he more
particularly desires to commumicate to control
the message circuit, then the cut-out relay COR
is preferably employed to contro] the pick-up
circuit of the relay SI instead of shunting the
message circuit as above explained. In this case,
the potential applied to the heel of contact 251
of relay SL from (+4), would be normally ap-
plied through contact 439 of relay COR in a left
hand position, and removed in the event that
the contact 439 is operated to g right hand posi-
tion when the operator desires to temporarily
suppress the transmission of indications from
this station.

This method of suppressing a field station does
not become effective except during the period of
blank, as that is the only time the pick-up cir-
cuit for the relay SI can be closed for initiating
the system. Thus, this arrangement does not
interrupt the transmission of indications during
an operating cycle and may be employed by the
operator any time he may desire.

Although these two arrangements of cut-out
control have been explained separately, they may
be employed together by providing two cut-out
relays suitably controlied.

It is noted, that, in the control office, the cut-
out lever COL is associated with the storing relay

SR! and the code determining Tepeating relay .

but the contact, corresponding to contact
437 of relay CDR!, of each code determining re-
peating relay CDR associated with each of the
remaining groups of the corresponding field sta-

tion, also connects the control bus 406 to the con- |,

tact 15 of the cut-out lever COL through cut-
out bus 436. This provides, that, although con-
trol impulses are transmitted to some other group,
besides the first group, after the initial trans-
mission of the cut-out control, the same condi-
tion of the cut-out relay COR is maintained. In
other words, if this provision was not made, the
control bus 486 would be energized with the cut-
out lever COL in a reverse position only when
the first group of that station is selected, and
would be deenergized when other groups were
selected although the cut-out lever COL remained
in the same position, thereby resulting in the
transmission of a (—) impulse for the sixth or
transfer step which would actuate the cut-out
relay COR to a position out of correspondence
with its lever COL.

Briefly, the present invention provides a cut-out
control lever COL for each field station, similar
to other control levers, which, by simple manipu-
lation, the operator can control 8 cut-out relay
COR at the corresponding field station in a simi-
lar manner as other control levers control their
respective function relays. This cut-out control

‘may be accomplished on any control step desired

and within any group of control steps asso-
ciated with a particular field station, although
for the purpose of illustration in connection with
this specific embodiment of the bresent invention,
the transfer step is employed, as this step would
not otherwise be employed for control purposes,
Four neutral line wire System.—When a com-~
munication system, as above described, is pro-
vided with a polarized direct current stepping

8!

and control circuit together with g neutral direct 75
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current message circuit, as explained for Figs.
1A, 1B, 1C, 1D, 2A and 2B, difficulty is some-
times had, in regions where electrical storms are
frequent, due to discharges over the polarized
stepping line which cause erroneous steps to be
taken. This is in part due to the inherent quick
response of a polar relay to low current values.
The same ‘undesirable effect is sometimes present
due to the inductive effect of opening or closing
an adjacent line where the system is employed
over an extensive territory.

In view of the above, the present invention pro-
poses to employ, when desirable, two neutral line
circuits in place of the polarized stepping and
control circuit. One of these neutral eircuits is
employed for transmitting the stepping impulses,
and the other neutral circuit is employed for
transmitting the control impulses. The usual
neutral message circuit is employed therewith
for the transmission of indications. This ar-
rangement of line circuits permits the use of
neutral relays in place of the polar relays. As
neutral relays can be made to respond more
slowly to the application of current, an induced
current in the line usually has time to die out
pbefore appreciably affecting such relays.

with reference to Fig. 3 of the accompanying
drawings, typical line circuits of such a system
having four neutral lines is illustrated. The same
control office and field station equipments, as
previously described in connection with Figs. 1A,
1B, 1C, 1D, 2A and 2B, may be employed with
this line circuit arrangement; and the same
general mode of operation and features apply to
a system thus modified with -only those excep-
tions and adaptations as hereinafter pointed out.
Those relays which serve to connect-the line cir-

cuits to the control office and field station equip--

ments the same as previously described, have been
shown having the same reference characters with
the distinctive exponents ¢“10” for the control

office, “11” for the first field station and “12”

for the last field station. The only additional
relays employed are the neutral relays CL in-
cluded in the control line, one ab each field sta-
tion, suitably distinguished by the exponent dis-~
tinctive of that field station. The line relay Li
included in the stepping line is in this case of the
neutral type. S

The stepping circuit is suitably energized, when
the cycle confrolling relay CCe is picked up, with
impulses suitably time spaced in accordance with
the operation of the system, as previously ex-

- plained, by the operation of the impulsing re-

wt
St
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lay IM!® which is suitably - controlled: in con-
junction with the half step relay in the control
office and the associated stepping relay bank.
For example, assuming the cycle controlling re-
lay CC1° to be energized, the stepping circuit is
energized from the positive terminal of the bat-
tery BT, through wires 451 and 452; front
contact 453 of relay CCY, wire -454, back contact
455 of relay IMI. wire
110, through. the stepping line to the first field
station, through the winding of the line relay
L1, and similarly over the stepping line and
through the stepping line relays at the remaining
stations, to the common return line, thence to
the negative terminal of the battery BT in the
control office. ] o

The stepping circuit thus closed initially by
the cycle controlling relay CCH is opened by the
impulsing relay IM! at definite predetermined
time intervals in accordance with the response
of the system, ‘The: application of time spaced

456, winding of line relay:
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impulses causes the operation of the step-by-step
means at the control office and at each field sta-
tion in the usual way, by control of the line
repeating relays LR, TR and LR, through
front contacts 457, 45711 gnd 45712 of the cor-
responding line relays 110, L1t and L%

The polarity selecting relay PSW© is suitably
controlled, as previously explained in connection
with relay PS of Fig. 1D, during the execution
period of each step in accordance with the con-
trols to be transmitted so that during the con-
ditioning period of each succeeding step, that is,
with the stepping circuit energized for the next
step, the control line is either energized or deen-
ergized depending upon the character of the code
or control impulse to be transmitted. Thus, if the
contact 458 of relay PS10is actuated to a left hand
position corresponding to a (4) code call, then
the control circuit is energized from the positive
terminal of the battery BT, through wires 451
and 459, polar contact 458 of relay PS in a left
hand position, wire 480, back contact 481 of re-
lay IM10, through the control line to the first
field station, through the winding of the con-
trol line relay CLi, and similarly over the con-
trol line and through control line relays at the
remaining stations to
and thence to the negative terminal of the bat-
tery BT in the control office. If on the other
hand, the particular impulse to be transmitted
corresponds to a (—) impulse, the relay PS is
suitably actuated during the execution period of
the preceding step so that the polar contact 458
is in a right hand position for the conditioning
period of the next step. This leaves the control
line.deenergized during such conditioning period.

- Depending upon whether the control line re-

“lay CL at each station is energized or deener-

gized during the conditioning period of each step,
the impulse storing relay IS at each of the cor-
responding stations is energized either from
(B4+) or (B—) through front or back contact
4621t respectively of relay CL, at the first field
station for example, front contact 453! of re-
lay L1, winding of relay IS, front contact 48811
of relay LR, to (CN). The relay IS, thus con-
trolled during the conditioning pericd of each
step, stores such control during the following

- execution period,. as it is a polar magnetic stick

type relay with its cireuit open at back contacts
463 and 464 of relays 1, and LR respectively,
and functions to suitably establish the controls,
as previously pointed out in connection with
Tigs. 2A and 2B. »

The message circuit of this four wire system
is the same as that employed for the three wire
system explained in connection with Figs. 1A,
1B, 1C, 1D, 2A and 2B, in which the message
circuit is closed or opened upon each step in
accordance with the character of the code or
indication impulse to be transmitted, and need
not be further explained in detail.

mpo-wire system.—In Fig. 4 of the a(’:compa-nyf,‘
modified form of the {ing cir-

ing drawings, &
cuits is illustrated, im which a polarized direct
current stepping and. control circuit is completed
over two line wires together with an alternating
current message or indication circuit superim-
posed thereon. .

The same control office and field  station
equipments, as previously described in conmection
with Figs. 14, 1B, 1C, 1D, 2A and
employed with this line circuit arrangement;
and the same general mode of operstion and
features apply to a system thus modified with

the common- return wire,
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only those excepfions and adaptations as here-
inafter pointed out. -

The relays associated with the line circuits
which have been previously described have been
designated by the same reference characters with
the distinetive ‘exponents. 207 for the  control
oifice, “21” for the first station and “92” for the
last field station, each of these relays having
the same functions and features as previously
described.

The direct current polarized stepping and con-
trol circuit is of the same general arrangement
as previously described but with alternating cur-
rent impedances 55! and 552 of low chmic re-
sistance preferably connscted on esach side of
the line relays L as illustrated. Also, an alter-
nating current impedance 553 of low ohmic re-
sistance is provided in series in the common re-
turn wire having connected in multiple there-
with a condenser 554 of such capacity as to tune
the inductance and condenser combination to
anti-resonance with respect to the frequency of
alternating current supplied for the message or
indication circuit by an alternator 555.

The stepping circuit thus modified, is traced,
for example, assuming the cycle controlling relay
CC? to be energized and the impulsing relay
IM?? to bhe deenergized, from the positive ter-
minal of the battery BT20 through front contact
556 of cycle controlling relay CC20, back contact
957 of relay IM?20, through polar contact 558 of
relay PS? in a right hand position, impedance
583, through common return line to the last field
station, impedance 55222, winding of the relay
L%, impedance 55122, over the control line to the
remaining stations and through the windings of
polar relays L and alternating current impedances
552 and 85{ at those stations to the control office,
impedance 55220, winding of relay 120, impedance
55120, polar contact 559 of relay PS? in a right
hand position, back contact 560 ‘of relay IM20,
front contact 561 of relay CCX, to the negative
terminal of the battery BT2. T is to be under-
stood of course that with the polar contacts 558
and 559 of the relay PS% in left hand dotted line
positions, the direction of current flow is re-
versed so as to energize the relays L2, T2t gnd
122 with the opposite polarity, all of which may
be best understood with reference to the descrip-
tion of relay PS in connection with Figs, 1A, 1B,
1C, 1D, 2A and 2B. : s

Tach polar relay L. operates a slow acting line
repeating relay SIL, quick acting line repeating
relay LR and an impulse storing relay IS, in ‘a
similar manner as previously explained.

The message or indication circuit is normally
supplied with alternating current energy of a
frequency suitably selected with respect to the
frequency of the stepping impulses applied to the
stepping circuit, so as to make it easy to segre-
gate the alternating current from the direct cur-
rent according to the usual engineering practices.
This alterntaing current is supplied by a suitable
alternator 555 having in series therewith a ‘con-
enser 562 and an impedance 583 tuned to res-
onance with respect to the frequency of the alter-
nator, so as to allow the alternating current to
readily flow, but to prevent a short circuit to the
stepping circuit upon which direct current .im-
pulses are applied. :

In muiltiple with the line relays L and the im-
pedances 551 and 552, at the control office and
at each field station, the primary winding of suit-
able transformer 564 is connected in series with
a condenser 565. The condenser preferably tunes
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the transformer {6 résonance with respect fo the
frequency of the alternator 5585, so as to allew
the alternating current to flow in the indication
circuit and prevent the fiow of direct current im-
pulses. The secondary of this transformer 524
is connected to a suitable rectifier 586 of any
suitable type, such for example as a copper oxide
bridge connected rectifying unit, although any
other type rectifying unit may be employed. A
direct current neutral type message relay M is
connected across the direct current out-put ter-
minals of this rectifying unit 566.

The message circuit normally receives current
from the alternator 555 threugh a circuit from
its ‘upper terminal through impedance 562, con-
denser 563, condenser 56520, secondary of trans-
former 58420, contro] line to the first field station,
wire 8872, back contact 6682! of relay SI%, wires
68921, 67021 and 6712, condenser 96521, secondary
winding of transformer 56421, over the control
line wire and similarly through the remaining
stations, to the common return line and thence
to the control office to the lower terminal of the
alternator,

This message or indication circuit normally in-
cludes the back contacts 6§82t and §6822 of the
relays SI?! gnd S22 respectively, but when the
stations are transmitting indications these con-
tacts are open, as previously described in connec-
tion with contact 274 of relay SI of Fig. 24, so
as to allow the indication circuit to be controlled
in accordance with contacts §722t and 87222 also
contacts ‘67321 and 67322 of relays P21 and P2,
also relays PR? and PR22 respectively together
with the covering and uncovering contacts §742!
and 67422 of relays LR and LR respectively at
each station.

The operation of a system, thus modified, will
be well understood. with reference to the preced-
ing description in connection with the three wire
system shown in Figs. 1A, 1B, 1C, 1D, 2A and 2B,
and need not be pointed out in detail.

General summary.—The above description
boints out the various individual steps in the
operation of the communication system contem-
Plated by this invention, as well as the charac-
teristic features, the mode of operation, and the
advantages of the system as a whole; and it is
believed that a brief general statement will bhe
sufficient to make clear the nature of the inven-
tion, both broadly and specifically. -

The communication system of the present in-
vention may be provided with various line circuit
arrangements, three of which have been disclosed
by the embodiment chosen for the present inven-
tion. In Figs. 1A, 1B, 1C, 1D, 2A and 2B the
system is provided with three line wires to form
& polarized direct current stepping and control
circuit, and a neutral direct current message or
indication circuit, with both circuits extending
from the control office through all of the field sta-
tions. "In Fig. 3, 2 modified form of line circuits
is illustrated in which four line wires form a
neutral direct current stepping circuit, a neuiral
direct current control circuit, and a neutral direct
current message or indication circuit, with these
three circuits extending from the conirol office
through all of the field stations. In Fig. 4, a. mod-
ified form of line circuits is llustrated in which

two line wires form a polarized direct current -

stepping and control cireuit upon which an alter-
nating current message or indication circuit .is
superimposed.

Irrespective of the particular combination of

line circuits employed, a bank of stepping relays 75
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in the control office and ab each field station op-
erate sequentially, one at -a time and in synchro-
nism, in response to impulses applied to the step-
ping circuit. In the case of the polarized step-
ping circuit, the stepping relay banks take one
step for each impulse irrespective of the polarity
of the impulse. :

The system is set into operation whenever the
operator actuates a control lever to a new posi~
tion, or when a change relay CH is deenergized
at any field station as a result of a change in
the condition of the various devices at that
station which are to be indicated in the control
office. .

The operating cycle of the system is divided
into a selecting part and a control and/or indi-
cation part. During the gelecting part of the
cycle, the impulses applied to the control circuit
form a station selecting code and a group select-
ing code. The station selecting code either be-
longs to a particular station, or to what may be
termed a phantom station, if no new controls
are to be transmitted upon the second part of
the cycle.

During the selecting part of the cycle, the sta-
tion selecting impulses are effective to select be-
tween the station selecting relays SO at the sev-
eral stations (which are all energized upon the
first impulse of each cycle) so as to drop cut or
deenergize these selecting relays SO in groups
during the execution period of each impulse until
there remains only one relay SO energized at
the particular station being called. The group
selecting impulses cause group selecting pilot re~
lays to be positioned in accordance with the im-
pulses transmitted to the field station, so as to
select a particular group within the particular
station having its SO relay energized. -

After the selection of a station and the selec- -

tion of a particular group within that station,
the second part of the cycle is employed to trans-
mit controls in accordance with the positions of
the corresponding control levers in the control
office.

Also, during the selecting part of any cycle, a
field station may register its station code call in
the control office by suitably controlling the mes-
sage circuit- to position station registering pilot
relays in the control office after which the par-
ticular group -having indications to transmit
from that station may register its code call by

suitably controlling the message eircuit to posi-
tion ‘group registering pilot relays in the con-
trol office. When one o more field stations are
ready at the pbeginning of an operating cycle to

transmit indications, the station selecting relays

~ SI at these stations are all energized on the first

70
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impulse, -and are automatically deenergized in
groups, one group at a time, during the execution
period of each step, in accordance with the rela-
tive superiority of the code calls of these stations,
until only one selecting relay SI remains ener-
gized at the end of the station selecting or regis-
tering steps of the cycle. After the necessary
number of selecting steps have been taken for
the registration in the control office of a par-
ticular group, the indications of that group are
then transmitted and suitably stored by posi-
tioning polar magnetic stick type relays in the
control office. '

The system is so arranged that controls and/or
indications may be transmitted over the system
during each operating cycle. An operating cycle
occurs whenever the system (which is normally
at rest) is set into operation from either the
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control office or from one or more field stations;
and these operating cycles follow one another
with an intervening period of deenergization of
the stepping circuit to mark off the cycles, sO
long as there are New controls stored up in the
control office, or new indications stored up in
the field stations. The order or sequence in
which the controls are transmitted to the sta-
tions, where there are a plurality of controls for
cach of several stations, is predetermined by an
interlocked bank of code determining relays in
the econtrol office independently of the geo-
graphic locations of the stations. The order or
sequence in which a plurality of stations all hav-
ing indications to transmit at the same time act
to transmit their indications, one station at a
time for each cyele, is determined by the rela-
tive superiority of the code calls assigned to these
stations and independently of the geographic lo-
cations of the stations; while the groups within
these stations are allowed to transmit their indi-
cations in a predetermined order or sequence
determined by an interlocked bank of group
determining relays. :

" The system may be extended for any desired
number of stations, for any desired number of
groups within the stations, or for any desired

number of controls and/or indications within.

any particular group, all in accordance with the
requirements of practice, by providing the neces-
sary number of selecting and transmitting steps.
The embodiment of the present invention shows
only one arrangement of selecting and transmit-
ting steps, it being understood that other ar-
rangements may be used or decided upon in any
arbitrary manner best suited to the situation at
hand.

The system of the present invention is of the
type where the step-by-step means at the con-
trol office and at each field station are operated
sequentially and in synchronism by impulses ap-
plied to a series stepping circuit from the con-
trol office, irrespective of whether confrols are
being transmitted from the control office or in-
dications are being transmitted from one of the
field stations. The present invention provides
means whereby the indication or message circuit,
employed for the transmission of indications,
may be controlled upon each step immediately
after the application of the corresponding step-
ping impulse and simultaneous with the opera-
tion of the step-by-step means, which feature of
the present invention provides for increased effi-
ciency of the system by increasing its speed of
operation.

Although the system of the present invention is
arranged so that the field stations may auto-
matically initiate the system into operation when
new indicatiohs are present for transmission,
means is provided, manually controliable by the
operator, for suppressing or preventing such auto-
matic initiation at such stations as the operator
may desire, sO as to allow some other station
with which he more particularly desires to com-
municate to assume the superior code call rela-
tionship with respect to the remaining stations
which are calling. ‘

Various other characteristic features and ad-
vantages of the present invention will be ap-
parent. The specific organization of the relays
and circuits being shown and described is merely
one illustrative specific embodiment of the in-
vention and it is to be understood that various
modifications, adaptations and additions may be
made to this specific embodiment, without de-
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parting from the spirit or scope of the inven-
tion, with the appended claims being intended to
define the several features and limitations in the
scope of the invention, rather than the fore-
going description.

What we claim is—

1. In a centralized traffic controlling system
for railroads, the combination with a plurality
of field stations, of control office equipment com-
prising a plurality of control levers for each field
station, a storing relay for each field station,
each of said relays having a normally . closed
stick circuit, means opening the stick circuit
of each storing relay upon movement of one or
more of the corresponding control levers to new
positions, a code determining relay for each field
station, means energizing those of said code de-
termining relays corresponding to those of said
storing relays which are deenergized, said means
being effective to energize only one of said code
determining relays at a time, means governed by
each of said code determining relays for render-
ing effective the corresponding control levers,
and means for reenergizing said storing relays
when said control levers have been rendered
effective.

2. In a centralized traffic controlling system
for railroads, the combination with a plurality of
field stations, of control office equipment com-
prising control levers for each fleld station, a
storing relay for each field station, each of said
relays having a normally closed stick circuit,
means for momentarily deenergizing the stick
circuit of a particular storing relay upon the
movement of an associated control lever, code
determining  means governed by each of said
storing relays for rendering the control levers
associated with each of said storing relays effec-
tive, and means allowing only those control levers
associated with one of said storing relays to be
effective during any one time interval,

3. In a centralized traffic controlling system
for railroads, a plurality of control levers divided
into groups, a normally energized storing relay
asseciated with each group of said control levers,
means deenergizing a particular storing relay
upon the movement of any one or several of said
levers in the corresponding group of levers, a

. code determining ' relay associated with each
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storing relay, means energizing those of said code
determining relays corresponding to the deen-
ergized storing relays, one at s time in a pre-
determined sequence, and means reenergizing
each deenergized storing relay during the time
interval in which its corresponding code de-
termining relay is energized.

4. In a centralized traffic controlling system
for railroads, the comhbination with a control office
and a plurality of field stations, of a selector type
communication system capable of operating
through cycles of operation and comprising, a
plurality of control levers divided into groups, a
storing relay for each group, a stick circuit for
each sboring relay, means momentarily opening
sald stick circuit of a particular storing relay
When any one or several of said control levers of
the corresponding group have been moved to new
bositions, whereby said storing relay is deen-
ergized, a code determining relay associated with
each storing relay, a pick-up circuit for each code

determining relay conditioned with its corre-.

sponding storing relay deenergized, a stick cir-
cuit for each code determining relay, a pick-up
circult for each storing relay conditioned with
its corresponding code determining relay ener-
gized, means energizing said conditioned pick-up
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circuit of one of said code determining relays pre-
ceding ‘each cycle of operation of said system,
means energizing said stick circuit of said en-
ergized code determining relay during each cycle
of operation, means energizing said conditioned
bick-up circuit of the corresponding storing relay
during each cycle of operation, and means de-
energizing said stick circuit of said one code de-
termining relay at the end of that cycle of opera-
tion, whereby those of said code determining re-
lays corresponding to the groups in which con-
trol levers have been moved to new positions, are
encrgized in a predetermined order, one for each
cycle of operation, thereby rendering the control
levers of the corresponding groups effective to
govern said communication system.

5. In a centralized traffic controlling system, g
control office, a plurality of field stations, a bank
of stepping relays at said control office and at
each of said field stations, a stepping circuit ex-
tending from the control office to the several field
stations, means at the control office and at each
of said field stations responsive to each impulse
of a series of impulses placed upon said-stepping

circuit, means at the control office for placing .

a-series of impulses upon said stepping circuit,
whereby said stepping relay banks are caused to
take a series of steps, cycle marking means at
the control office and at each field station re-

sponsive to each series of impulses as a whole, .

step holding means at the control office and at
each field station for maintaining the stepping
relay for each step energized until the stepping
relay for the next step is energized, said means
being effective only
means is responding to a series of impulses, and
means rendering said step holding means at the
control office ineffective when the stepping relay
for the last step is energized.

6. In a centralized traffic controlling system, g
control office, a plurality of field stations, a step-
bing circuit extending from the control office
through the several field stations, a bank of step-
ping relays at the control office and at each field

station operated synchronously and one step for -

each time the stepping circuit is energized by an
impulse, impulsing means at the control office for
energizing said stepping circuit with a series of
impulses time-spaced in accordance with the re-
sponse of said bank of stepping relays at the con-
trol office, step holding means at the control office
and at each field station for maintaining the
stepping relay for each step energized after it
has responded to.an impulse until the stepping
relay for the next step has responded to the next
impulse, and means at the control office rendering
said step holding means ineffective for the step-
ping relay for the last step in the control officé,

7. In a centralized traffic controlling system for
railroads, step-by-step means at the control office
and at each field station operated synchronously,
a control circuit connecting the control office and
each of the several field stations, a message cir-
cuit connecting the control office and each of the
several field stations, means governed by the mes-
sage circuit for registering the stations one at a
time at the control office in accordance with the
code call allotted to the several field stations,
means at each field station for pulsing the mes-
sage circuit in accordance with the code call
allotted to it, and suppressing means to prevent
effective operation of said pulsing means, said
suppressing means being manually controlled
from said control office over said control circuit.

when said cycle marking
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for railroads, step-by-step means at the control
office and .at each field station operated syn-
chronously, a control circuit connecting the con-
frol office and each of the several field stations, a
message circuit connecting the control office and
each of the several field stations, means at the
control office governed in accordance with the
condition of said message circuit for initiating
said step-by-step means into operation, means
at each field station for conditioning said mes-
sage circuit to control said initiating means,
suppressing means at each field station for pre-
venting operation of said message circuit condi-
tioning means, said means being governed in ac-
cordance with said control circuit, and. suppress-
ing means at the control office for conditioning
said control circuit for governing said suppressing
means.

9. In a centralized traffic control system for
railroads, a control office, a plurality of field
stations, a step-by-step mechanism at the control
office and at each field station operable through
cyeles of operation each step being taken in syn-
chronism, a control circuit extending from said
control office through each of said field stations,
a plurality of traffic governing devices at each
field station divided into groups, control means
at each field station for operating the respective
traffic governing devices of each group in accord-
ance with the condition of said control circuit
for the respective steps of a cycle when selectively
governed, means determining what particular
field station shall have a control means selectively
governed for a particular cycle of operation, and
means determining which group of said devices at
that particular field station shall be operated
with the control means at that field station selec-
tively governed.

10, In a centralized traffic control system for
railroads, a control office, a plurality of field sta-
tions, a step-by-step mechanism at the control
office and at each field station operable through
eycles of operation each step being taken in syn-
chronism, a message circuit extending from said
control office through each of said field stations,
a plurality of traffic governing devices at each
field station divided into groups, indication stor-
ing relays in said control office divided into groups
for storing the condition .of corresponding devices
in corresponding. groups of said traffic governing
devices, the respective indication storing relays
of a particular group beéing controlled on the re-
spective steps in accordance with the condition
of said message circuit for the corresponding

5 steps during a particular cycle of operation, means

governed by the traffic governing devices of each
group for selectively determining the condition of
said message circuit for each step of a particular
eycle of operation, and means determining which
particular group of said traffic governing devices
will be in communication with its corresponding
group of said indication storing relays for a par-
ticular cycle of operation.

11. In a centralized traffic control system for
railroads, a field station having a bank of step-
ping relays sequentially operated through a cycle
of operation, a message circuit extending from
said field station, a plurality of trafiic governing
devices divided into groups, means governed by
the respective devices of each group for control-~
ling the condition of said message circuit on the
respective steps of each cycle of operation, and
means selectively determining which group of
gaid devices shall be effective for controlling the
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condition of the message circuit for any particu-
lar cycle of operation. .

12 In- a centralized fraffic control system for
railroads having a ‘control office and a plurality
of field stations, a selective type communication
system comprising step-by-step means at the
control office and at each field station operable
through cycles of operation in synchronism,
means for the transmission of controls to a par-
ticular field station, means for the transmission
of indications to the control office, and means at
each field station governed by the transmission
of suitable controls from the control office to a

particular field station for preventing that field.

station from transmitting indications, said last

mentioned means being initially effective at the

end of the cycle of operation upon which it is
effectively governed.

13. Th a centralized traffic control system for
railroads having a control office and a plurality
of field stations, a stepping relay bank at the
control office and at each field station, a stepping
circuit extending from said control office through
each field station, a line relay at said control
office and at each of said field stations included
in series in said stepping circuit, circuit means
at the control office and at each fleld station
governed by its respective line relay to cause
each of said stepping relay banks to take one
step for each impulse applied to said stepping
eircuit, a half-step relay at said control office
and at each of said field stations responsive to
each deenergization of said line circuit as re-
peated by . its respective line relay, impulsing
means at the control office for applying series

of time-spaced impulses to said stepping circuit,

said impulsing means being operable to cause the
application of the next impulse or time space de-
pendent upon the actual response of said stepping

relay bank or said half-step relay at said control +

office to the then present time space or impulse
on said stepping circuit. :

14. In a centralized traffic control system for
railroads having a control office and a fleld
station, a stepping relay bank at the control of-
fice and at said field station, a stepping circuit
extending from said control office to said fleld
station, means for applying a series of spaced
impulses upon said stepping circuit, a line relay
for each of said stepping relay banks, a half step
relay for each of said stepping relay banks op-
erated to a new position for each space between
successive impulses on- said stepping circuit,
whereby each of-said stepping relay banks is
caused to take one step for each impulse of a
series applied to said stepping circuit and each
of said half-step relays is operated to a new
position for each space between successive im-
pulses, a cycle controlling relay in said control
office for initially energizing said stepping cir-
cuit, an impulsing relay for deenergizing said
stepping circuit when picked up, pick-up circuits
for said impulsing relay closed upon the response
of a stepping relay to its corresponding impulse,
and means opening said pick-up circuits upon
the response: of said half step relay to the de-
energization of said stepping circuit.

15. In combination, a plurality of step-by-step
mechgnisms, 8- stepping circuit and a message
circuit interconnecting said mechanisms, means
applying time-spaced impulses to said stepping
circuit, whereby said mechanisms are caused to
take one step for each of said time-spaced im-
pulses, and means associated with each of said
mechanisms for conditioning said message cir-

15

20

28

30

a5

50

85

60

65

70

76




10

b

20

26 -

30

35

40

46

55

60

65

70

5

36

cuit for each step during the application of the
corresponding time-space and impulse on said
stepping circuit for that step, said means being
effective prior to the actual response of said
mechanisms to said time-spaced impulse for each
step.

-16.. In a centralized traffic control system: for
railroads having a control office and a plurality
of field stations, a step-by-step mechanism at
the control office and at each field station, a
stepping circuit extending from said control of-
fice through each of said field stations, a message
circuit extending from said control office through
each of said field stations, means. applying im-
bulses to said stepping circuit, whereby said
mechanisms are operated in synchronism one
step for each impulse, a plurality of code de-

termining means at each field station, and means-

for conditioning said message circuit. for each
step in accordance with the condition of the re~
Spective code’ determining means for that step,
said means being effective upon the application
of one impulse and until the application of the
next impulse;

17. In a centralized traffic control system for
rajlroads having a control office and a plurality
of field stations, a step-by-step mechanism at
the control office and at each field station, g step-
bing circuit extending from said control office
through each of said field stations, a message cir-
cuit extending from said control office through
each of said field stations, means applying -time-
spaced impulses to said stepping circuit, whereby
said mechanisms are operated in synchronism
one step for each impulse, a plurality of code de-
termining means at each field station, said code
determining means being rendered successively
active one at a time by the step-by-step means,
and means for conditioning said message circuit
throughout each of said impulses and its follow-
ing time space in accordance with the respec-
tive code determining means rendered active on
the preceding step of said step-by-step mecha-
nism.

18. In combination, a plurality of step-by-step
mechanisms, a stepping circuit and a message
circuit interconnecting said mechanisms, means
applying time-spaced impulses to said stepping
circuit, whereby said mechanisms are caused to
take one step for each of said time-spaced im-
pulses, and means associated with each of said
mechanisms for distinctively conditioning said
message circuit for each step subsequent to the
application of the next successive time-spaced
impulse and up to the application of the next
following impulse with such conditioning being
independent of the response of said step-by-step
mechanisms during that time.

19. In combination, a stepping cireuit, a mes-
sage circuit, a step-by-step mechanism operated
through a series of steps by impulses applied to
said stepping circuit, means distinctively condi-
tioning said mesage circuit for each impulse ap-
blied to said stepping circuit, said means being
initially effective prior to the response of said
step-by-step mechanism and throughout such im-
pulse irrespective of the operation of said step-
by-step mechanism during such impulse. -

20. In a centralized traffic control system for
railroads having a control office and a plurality
of field stations comprising a plurality of traffic
governing devices, a neutral control circuit ex-
tending from the control office through the sev-
eral fleld stations, a neutral stepping circuit ex-
tending from the control office through the sev-
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eral field stations, a neutral message circuit ex~
tending from the control office through the sev-
eral field stations, a plurality of stepping relay
banks, one at the control office and at each field
station, operated synchronously by impulses ap-
blied to said stepping circuit, means at the con-
trol office manually operable for distinctively go0vV-
erning the operation of said contro] circuit for
each step, means at each field station governed
by the condition of said control circuit for each
step to operate said trafiic governing devices,
means at each field station distinctively condi-
tioning said message circuit for each step in ac-
cordance with the condition of said trafic gov-
erning devices, means at the control office for
storing the condition of said message circuit for
each step, means selectively determining which
field station shall have its traffic governing de-
vices operated for a particular cycle, and means
selectively determining which field station shall
govern the message circuit for a, particular cycle.
21. In a centralized traffic control system for
railroads having a control office and a plurality
of field stations comprising a plurality of traffic
governing devices, a direct current polarized step-
bing and control circuit extending from the con-
trol office through the several field stations, an
alternating current message circuit superimposed
upon said stepping and control circuit, a plural-
ity of stepping relay banks operated synchro-
nously by impulses applied to said stepping cir-
cuit irrespective of their bolarity, means at the
control office manusally operable for determining
the polarity of each impulse applied to said step-
ping eircuit, means at each field station governed
in -accordance with the polarity of each impulse
on said stepping and control circuit to operate
said traffic governing devices, means at each field
station  for determining the energized or deen-
erged condition of said alternating current mes-
sage circuit for each step in accordance with
the condition of said traffic governing devices,
means in the control office for storing the ener-
gized or deehergized condition of said message
circuit for each step, means for selectively deter-
mining which field station shall have its traffic
governing devices operated for a particular cycle,
and means selectively determining which field
station shall govern the message circuit for a
particular cycle, ’
22.In a centralized trafic control system, in
combination, with a control office and a, plurality
of field stations, a cyclic operating communica~
tion system, a plurality of groups of control le-
vers, a storing relay and a code determining re-
lay for each group, a circuit for each storing
relay controlled by any of its levers, a pick-up
circuit for each code determining relay including
a back point of its storing relay, a front point of
each storing relay to one side thereof and a back
point of each code determining relay to the other
side thereof, and means to retain an energized
code determining relay in energized condition
during a cycle of operation. '
"~ 23. In a centralized traffic controlling system
for railroads, step-by-step means at the control
office and at each field station operated synchro-
nously, a control circuit connecting the control
office ‘and each of the several field stations a
message circuit connecting the control office and
each of the several field stations, means governed
by the message circuit for registering the stations
one at a time at the control office in accordance
with the code call allotted to the several field sta-
tions, pulsing means at each field station for puls-
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ing the message circuit in accordance with the
code call of the station, and cut-out means con-
trollable over the control cireuit for shunting the
message line around said pulsing means.

24 Tn a centralized traffic controlling system
for railroads, step-by-step means at the control
office. and at each field station operated syn-
chronously, a message circuit connecting the con-

trol office and each of the several field stations,
message circuit for reg--

means governed by the
istering the stations one at a time at the control
office in accordance with the code call allotted
to the several field stations, pulsing means at
each field station, means, dependent for its ef-
fectiveness, upon the code call for the station,
for causing the pulsing means to pulse the mes-
sage circuit in accordance with the station code
call, and cut-out means, for preventing the de-
pendent means from being effective.

95. In a centralized traffic controlling system
for railroads; step-by-step means at the control
office and at each field station operated syn-
chronously; & control eircuit connecting the con-
trol office and each of the several field stations;
a message circuit connecting the control office and
each of the several field stations; means governed
by the message circuit for registering the stations
one at a time at the control office in accordance
with the code call allotted to the several field sta-
tions; pulsing means at each field station; means,

dependent for its effectiveness upon the code call-

for the station, for causing the pulsing means
to pulse the message circuit in accordance with
the station code call; and cut-out means, con-
trollable over the control cireuit, for preventing
the dependent means from being effective.

.96. In a centralized traffic controlling system
for railroads, step-by-step means at the control
office and at each field station operated syn-
chronously, a control circuit connecting the con-
trol office and each of the several field stations,
o message circuit connecting the control office
and each of the several field stations, -means

governed- by the message cireuit for registering

the stations one at & time at the control office in
accordance with the code call allotted to the sev-
eral field stations, pulsing means at each station
for pulsing the message circuit- in- accordance
with its particular code call, and cut-out means
at each station, controllable over the control cir=-
cuit at the beginning of a cyle of operation, for
making the pulsing means ineffective to pulse
the message circuit.

27. Tn a centralized traffic controlling system
for railroads, step-by-step means at the control
office and at each. field station operated syn-
chronously, a control circuit connecting the con-
trol office and each of the several field stations,
a message circuit connecting the control office
and each of the several field stations, means gov-
erned by the message circuit for registering the
stations one at a time at the control office in ac-
cordance with the code call allotted to the several
field stations, pulsing means at each station for
pulsing. the message circuit in accordance with
its particular code call, and cut-out means at each
station, controllable over the control circuit at an
intermediate portion of a cycle of operation, for
making the pulsing means ineffective to pulse the
message circuit. -

28. In a centralized traffic control system for
railroads, a control office, a plurality of field sta-
tions, a step-by-step mechanism at the control
office and at each field station, said mechanism
being operated synchronously, a control circuit
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extending from said control office through each
of said field stations, a plurality of traffic gov-
erning devices at each field station divided into
exclusive groups, means at each field station re-
sponsive to a particular combination of impulses

‘on said control circuit to select that field station,

means at each field station responsive to a par-
ticular combination of impulses, when the cor-
responding field station is selected, to select a
particular group of traffiic governing devices at
that station.

29. In combination, a plurality of step-by-step
mechanisms, a stepping circuit and a message
circuit interconnecting said mechanisms, means
2pplying time-spaced impulses to said stepping
circuit, whereby said mechanisms are caused to
take one step for each of said time-spaced im-
pulses, and means associated with each of said
mechanisms for conditioning said message circuit
for each step upon the application of the cor-
responding time-spaced impulse to said stepping
circuit for that step, sald means being effective
prior to, and independent of, the actual response
of said mechanisms to said time-spaced impulse
for each step.

30. Tn a communication system, in combina-
tion, a control office and a plurality of way sta-
tions, a bank of stepping relays at each station,
o neutral stepping line connecting each station
to the control office for causing the relays of each
stepping bank to operate in sequence by spaced
current impulses placed on the nuetral stepping
line, a neutral control line connecting the control
affice and the way stations for selectively con-
troling devices thereover by current on and off of
the control line, and a neutral message line con-
necting the office and way stations for sending
indications into the office from the way stations.

31. In a communication system, in combination
with a control office and a plurality of way sta-
tions, a single line circuit connecting the office
and way stations, a bank of stepping relays ab
each station, means for placing  spaced current
impulses of at times differing polarity, on the
line circuit, means for causing the relays of each
stepping bank to operate in sequence in response
to the spaced current impulses, to thereby pre-
pare channel circuits, means
pleting prepared channel circuits in accordance
with polarity of said impluses, and means for
sending indications from stations to office, over
the line circuit, by means of current differing in
character from that of the stepping impulses.

32. In a communication system, in combina-
tion with a control office and a plurality of way
stations, a single line circuit connecting the office
and way stations, a pank of stepping relays of
each station, means for placing spaced current
impulses of at times differing polarity, on the line
circuit, means for causing the relays of each step-
ping-bank to operate in sequence in response to
the spaced current impulses, to thereby prepare
channel circuits, means for selectively completing
prepared channel circuits in accordance with po-
larity of said impulses, and means for sending
indications from stations to office, over the line
circuit, by means of alternating current.

33. In combination; a bank of stepping relays;
means for operating said relays of said bank se-
quentially; a plurality of channel circuits pre-
pared by said pank of stepping relays, one for
each operation of one of said stepping relays;
means for dividing each of said channel circuits
into- a plurality of branches with the correspond-
ing branches of said plurality of channel circuits

for selectively com--
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separated inte groups; a group of devices for
each of said groups of branched channel circuits;
means. for connecting the devices of any group
to -its corresponding group of channel circuits

‘whenever a change in the condition of one of

the devices in that group gccurs; and means for
interlocking said groups of channel circuits so
that only one group of branched channel circuits
can be connected to its devices for any particular
operation of said bank of stepping relays.

34. In combination; a bank of stepping relays;
means for operating said relays of said bank se-
quentially; a plurality of channel circuits pre-
pared by said bank of stepping relays, one for
each operation of one of said stepping relays,
means for dividing each of said channel circuits
into a plurality of branches with the correspond-
ing branches of said plurality of channel circuits
separated into groups: a plurality of groups of
electro-responsive devices, each of said groups
corresponding to one of said groups of branched
channel circuits -and each of said devices corre-
sponding to one of said branched channel cir-
cuits for that group; means for at times selecting
a particular group of electro-responsive devices
to be connected to its corresponding group of
branched channel circuits, whereby said branched
channel circuit may be closed; and means for
selectively energizing said branched channel cir-
cuits of the group selected in accordance with
& control code upon their sequential closure dur-
ing the sequential operation of said bank of step-
bing relays.

35. In combination; a station code responsive
means; a group code responsive means; a plu-
rality of groups of control devices, a bank of
stepping relays: means for operating said relays
of said bank sequentially; a plurality of channel
circuits prepared by said bank of stepping relays,
one for each operation of one of said stepping
relays; means for selectively applying potentials
of different polarities in accordance with a code
to one end of said channel cireuits; circuit means
for routing the other end of a first part of said
channel circuits to said station code responsive
means; means for routing the other end of 4 sec-
ond part of said channel circuits to said group
code responsive means dependent upon said sta-
tion code responsive means; means for divid-
ing the other end of each of said channel circuits
of & third part of said channel circuits into a plu-
rality of branches with the corresponding branch-
es of each channel circuit of said third part sepa-
rated into groups; and means including said
group code responsive means for at times con-
necting each particular group of branched chan-
nel circuits to a particular one of said groups of
control devices.

36. In combination; a control office; a field sta-
tion; two line wires connecting said control of-
fice and said field station, means at said control
office for applying both direct current and alter-
nating current to said line wire, means at said
control cffice and field station for segregating said
direct current and said alternating current, means
at said control office for transmitting codes by
breaking said direct current up into impulses of
distinctive polarities, means at said field station
for decoding said direct current codes, means at
said field station transmitting codes by break-
ing said alternating current up into impulses co-
incident with said direct current impulses, and
mmeans at said control office for decoding said al-
ternating current codes, whereby codes are trans-
mitbed from said field station to said control of-
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fice simultaneously with the transmission of codes
from said control office to said field station by

- mmeans of distinctive kinds of current on the same

two line wires.

317. In combination; two line circuits connect-
ing a control office with a field station; means
at the control office for applying time spaced im~
bulses to one of said line circuits, each impulse
and its following time space comprising a step
period; means at said field station for repeating
each of said impulses; means at the control of-
fice for normally energizing the other of said line
circuits; means at said field station prepared on
each step period, as marked off by said repeat-
ing means, for effectively opening or closing in
accordance with a predetermined code said other
of said line circuits during the succeeding step
period; and code responsive means in said con-
trot office controlled by the open and closed con-~
dition of said other of said line circuits during
each of said step periods.

38. In combination: two line circuits connect-
ing a control office with w9 field station, means at
the control- office for applying time spaced im-
bulses to one of said line circuits, each impulse
and its following time space comprising a step
period; means at said field station for repeating
each of said impulses; means at the control office
for normally energizing the other of said line cir-
cuits; means at said field station prepared during
the time space of each step period, as marked off
by said repeating means, for actually opening or
closing in accordance with a prearranged code
said other of said line circuits throughout the
succeeding step period; and code responsive
means in said control office controlled by the open
and closed condition of said other of said line
circuits during each of said step periods.

39. In combination; two line circuits connect-
ing a control office with a feld station; means
at the control office for applying time spaced
impulses to one of said line circuits, each im-
pulse and its following time space comprising a
step period; means at said field station for re-
beating each of said impulses ; means at the con-
trol office for normally energizing the other of
sald line circuits; pulsing means at said field
station prepared during each step period for,
when rendered effective, opening or closing in
accordance with a predetermined code said other
of said line circuits; means at said field station
for rendering effective said pulsing means for
each step period, said means being initially ef-
fective for impressing the brepared condition
only upon the repeating of the impulse on said
one of said line circuits by said repeating means;
and code responsive means in said control office
controlled by the open and closed condition of
said other of said line circuits during each of said
step periods.

40. In combination: a line circuit having a se-
ries of distinctive impulses applied thereto; a
bank of stepping relays: means for operating all
of said stepping relays in said bank sequentially
one for each impulse of said series of impulses; a
channel circuit prepared by each of said step-
ping relays; and means controlled over said
channel circuits of a first part for branching
each of said channel circuits of a second part into
any one of a plurality of branches, said plurality
being greater than two.

41. In a centralized traffic controlling system
for railroads, a control office, a plurality of field
stations, a stepping relay bank at said control
office and at each of said field stations, a step-
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ping circuit extending from said control office
through said field stations, operating means ab
said control office and at each of said field sta-
tions for causing said stepping relay banks at the
respective locations to take one step for each im-
pulse applied to said stepping circuit, impulsing
means at said control office. dependent on the
actual response of said stepping bank at said
control office in order to be effective to impress
a series of impulses on said stepping line cir-
cuit, a message line circuit connecting said con-
trol office and said: field station, transmitting
means at each field station for conditioning said
message circuit on each step in accordance with
its code call and indications at that station,
means at said control office responsive on each
step to the condition of said message circuit to

register the station code call and indications -

transmitted, and means effective to allow only
one station code call to he registered at any one
time and to allow only the corresponding regis-
tered station to transmit indications at that time.

42. In 2 centralized trafiic controlling system
for railroads: a control office; a field station; two
line wires connecting said control office and said
field station; a stepping relay bank at said con-
trol office and at said field station; impulsing
means at said control office, said impulsing means
including said stepping bank at said control office,
for impressing a series of impulses on said two
line wires; means at said control office and at
said field station for causing said stepping relay
banks at the respective locations to operate step-
by-step in response to said impulses on said two
line wires as applied by said impulsing means at
said control office; and means at said field sta-
tion for transmitting a code impulse to said con-
trol office over said two. line wires on each step
taken by said stepping relay banks. .

43, In combination: a stepping eircuit having
o geries of time-spaced impulses applied thereto;
a message circuit; a step-by-step mechanism re-
sponsive to take one step for each of said time-
spaced impulses; two pulsing relays, each pro-
vided with a contact for distinctively condition-
ing said message circuit; means effective for each
step of said step-by-step mechanism to control
said two pulsing relays; and means rendering
said contact of one of said pulsing relays effec-
tive only when said stepping circuit is energized,
and rendering said contact of the other of said
pulsing relays effective only when said stepping
circuit is deenergized.

44. In combination with a plurality of field
stations; a plurality of control levers for each
field station; a storing relay for each field sta-
tion, each of said storing relays having a nor-
mally energized stick circuit; manually operable
means for each field station associated with said
storing relay for that station, said manually
operable means being effective to momentarily
open said stick circuit for such storing relay
when manually operated; and code determining
means governad by each. of said storing relays
for rendering effectve said control levers for the
corresponding stations, only one station at a time.

45. In a centralized traffic controlling system
for railroads, the combination with a plurality of
field stations, of control office equipment com-
prising a plurality of control levers for each field
station, a storing relay for each field station,
each of said relays having a normally energized
stick circuit, manually operable means opening
the stick circuit of each storing relay, a code
determining relay for each field station, means
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energizing those of said code determining relays
corresponding to those of said storing relays
which are deenergized, said means being effec-
tive to energize only one of said code determin-
ing relays at a time, means governed by each
of said code determining relays for rendering
effective the corresponding control levers, and
means for reenergizing said storing relays when
said control levers have been rendered effective.

46. Tn a centralized traffic controlling system
of the station selective code type, a control office
and a plurality of field stations connected by a
line circuit, relays in said control office corre-
sponding to said stations and each of said relays
provided with a normally energized stick cir-
cuit, 2 manually operated lever in said office as-
sociated with each of said relays, a traffic con-
trolling device at each of said field stations, man-
pally operable means associated with each of said
relays effective when manually operated to mo-
mentarily open said stick circuit for the asso-
ciated relay, means responsive to the deenergiza-
tion of any one of said relays for applying a char-
acteristic series of distinctive impulses to said
line circuit, means responsive to each of  said
characteristic series of impulses for effecting se-
fection of a corresponding station, means con-
trolled by the position of the lever for the selected
station for actuating the traffic controlling de-
vice at that station, means for effecting only the
application of a preferred characteristic series of
impulses when more than one of said relays is
deenergized at the same time, and means for re-
energizing each of said relays after it has ef-
fected the application of its characteristic series
of impulses. :

47. In a centralized traffic control system for
railroads; a first station; a second station; two
line wires only conneciing said two stations; a
stepping relay bank at each of sald stations;
impulsing means at one of said stations, said
impulsing means including said stopping bank
at said one station for impressing a series of im-
pulses on said two line wires; means separate from
said impulsing means for characterizing the po-
larity of the current flowing in said line wires
on each step to constitute a distinctive control
impulse for that step to transmit a message over
said two line wires on each step from said first
to said second station; means at each of said
stations for causing the stepping relay bank at
that station to operate step-by-step in response
to said impulses on said line wires as applied by
said impulsing means at said one station and ir-
vespective of the polarity of the impulses; and
means including said impulsing means for dis-
tinctively conditioning a. circuit including said two
line wires on each step taken by said stepping
relay banks to transmit a message from said sec-
ond station to said first station over said two line
wires on each step. :

48. Code-transmitintg apparatus comprising a
normally closed line circuit connecting a plurality
of stations, a line relay and a transmitting relay
at each station, the winding of each line relay
and a contact of each transmitting relay being
included in said line circuit, a stick relay at each
station effective when energized to cause the as-
sociated transmitting relay to deliver a code com-
prising a series of time-spaced impulses char-
acteristic of the station to said line circuit, means
associated with each stick relay for energizing it
to initiate such code, a holding circuit for each
stick relay, means including cooperating contacts
of the associated line relay and transmitting re-
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lay for opening such circuit to release the stick
relay during the code provided the line relay fails
to pick up when the transmitting relay closes its
line contact or if it releases while its line contact
is closed, and other means for releasing said stick
relay at the end of the code.

49. In a remote control system, an office and
a plurality of stations connected by a line cir-
cuit, a transmitter relay at each station for de-
termining the continuity of the line circuit, means
at each station for operating such transmitter
relay repeatedly to transmit a code characteristic
of the station to said office, and means effective
in the event a plurality of transmitter relays are
set into operation at the same time to render
ineffective all but one of such relays comprising s
line relay at each station responsive to the codes
delivered to said line circuit, and a circuit gov-
erning the effective operation of each transmitter
relay including cooperating contacts of such relay
and of the associated line relay.

50. In a remote control system, an office and a
plurality of stations connected by a line circuit,
a transmitter relay at each station for deter-
mining the continuity of the line circuit, means
at each station for operating such transmitter
relay repeatedly to transmit a code characteristic
of the station to said office, and means effective
in the event a plurality of transmitter relays are
set- into operation at the same time to render
ineffective all but one of such relays comprising
a line relay at each station responsive to the
codes delivered to said line circuit, a circuit gov-
erning the effective operation of each transmitter
relay including cooperating contacts of the trans-
mitter relay and of the associated line relay, said
circuit being arranged to be opened on any step
of the code to render ineffective the operation of
such transmitter relay unless the transmitter
relay and the line relay are operated in accord-
ance with the same code.

51. In a remote control system, an office and a
plurality of stations connected by a line circuit,
a transmitter relay at each station for determin-
ing the continuity of the line circuit, means af
each station for operating such transmitter relay
repeatedly to transmit a code characteristic of
the station to said office, means effective in the
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event a plurality of transmitter relays are set
info operation at the same time to render in-
effective all but one of such relays comprising
a line relay at each station responsive to the
codes delivered to said line circuit, a circuit as-
sociated with each fransmitter relay including
contacts of that relay and of the associated line
relay, and means opening such circuit to render
ineffective the transmitter relay in the event that
the response of the associated line relay on any 1
step of the code is not in accordance with the
code operation of such transmitter relay.

52. In a remote control system, a control office
and o field station connected by a line circuit,
means ab said office for applying time spaced
direct current impulses to said line circuit, means
at said office for transmitting control codes to
said station by marking said impulses with dis-
tinctive polarities, a source of alternating current
included in said line circuit, means at said field
station for transmitting indication codes to said
office by preventing or permitting said alternating
current to flow over said line circuit to said office
concomitantly with the flow of said direct current
impulses, and means at said field station and
at said office for simultancously decoding said
control and said indication codes respectively.

53. In a remote control system, a control office
and a plurality of field stations connected by a
line circuit, means at said office for applying
time spaced direct current impulses to said line
circuit, step-by-step means including a series of
neutral stepping relays at said office and at each
of said stations, the neutral stepping relays of
each means being energized one at a time one
for each direct current impulse, a source of alter-
nating current included in said line circuit, means
including the step-by-step means at said office
and at one of said field stations for transmitting
indication codes to said office by -preventing or
permitting. said alternating current to flow over
sald line circuit to said office concomitantly with
the flow of said direct current impulses, and
means at said office for decoding said indication
code:

WILLIAM D, HAILES.
DARROL F. DE LONG.



DISCLAIMER

2,170,141.—William D. Hailes and Darrol F. De Long, Rochester, N. Y. Cen-
rRALIZED TRAFFIC CONTROLLING SYSTEM FOR RAILROADS. Patent dated
August 22, 1939. Disclaimer filed December 14, 1939, by the assignee,
General Railway Signal Company.

Hereby enters this disclaimer by disclaiming from claim 9 any system for cen-
tralized traffic control, except wherein “‘the condition of said control circuit for the
respective steps of a cycle” depends on the character of the currenf flowing in a
single “circuit extending from said control office through each of said field stations’;

By disclaiming from claim 10 any system of centralized traffic control, except
wherein the “step-by-step mechanism at the control office and at each field station”
are controlled in synchronism by apparatus located at said control office and wherein
the “condition of said message circuit” is determined by apparatus at a “field station’’;

By disclaiming from claim 11 any system of centralized traffic control, except

wherein the “stepping relays” at the “field station” are controlled by apparatus at

a distant control office and “the condition of said message circuit” is determined by
apparatus at the “field station”;

By disclaiming from claim 28 any system of centralized traffic control, except
wherein the ‘“impulses” of the ‘“combination of impulses on said control circuit”’
comprise successive impulses transmitted over a single ‘“‘control circuit”’;

By disclaiming from claim 40 any system of centralized traffic control, except
wherein the “distinctive impulses” are individual current impulses which are by
themselves distinctive in character and are transmitted over a single “line circuit’’;

By disclaiming claim 33 in said patent.
(Official Gazette January 9, 1940.]



