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This invention relates fo switch and signal
control systems for railroads, and more particu-
larly to systems of the so-called entrance-exit
type in which the track switches in any given
route are collectively operated to the appropri-
ate positions to establish that route and a signal
is cleared for governing train movement over that
route by manipulation of manual control devices
to designate merely the entrance and exit ends
of that route.

In such an entrance-exit type of switch and
signal control system, freely movable manual
control devices in a form of small buttons or the
like, are provided for each signal location of the
track layout constituting an entrance and/or
exit end of some route or routes afforded by the
track layout. In the present embodiment, an
entrance signal location may be designated by
turning a small knob or button conveniently
termed an entrance button; while an exit signal
location may be designated by pressing a small
push button, conveniently termed an exit button.
However, any other suitable arrangement of mov-
able elements may be employed to operate elec-

tric contacts for performing distinctive entrance 2.

and exit functions in accordance with the oper-
ator’s manipulation.. These manual control de-
vices are mounted on a control panel within con-
venient reach of an operator, and are suitably

identified with their respective signal locations by -

reason of their location on the control panel ad-
jacent points on a miniature track diagram of the
track layout corresponding with their respective
signals.

Generally speaking, any one of the various :

forms of track layouts used on railroads may be
considered as made up of one or more groups of
switch points in the form of single switches,
cross-cvers, or the like, which interconnect vari-
ous stretches of track, each of such groups pro-
viding a plurality of routes extending from an
entrance signal location, which signal must be
cleared to permit a train to enter the route, over
one or more track switches of the group in certain
normal or reverse positions, to a point on the
track constituting the exit end of such route,
which exit point may be the entrance end of some
other route or routes in an adjoining group, or in
some cases may be the end of the territory under
the control of the operator.
afforded by such a group of associated switches
may be conflicting routes, namely, routes which
cannot be used for train movement at the same
time; while some of these routes may be non-
conflicting routes, that is,

Some of the routes ¢
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up and used &t the same time. Since the opera-
tion of track switches which may be involved in
conflicting and non-conflicting routes is subject
to some suitable form of interlocking control, so
as to prevent setting up conflicting routes, a group
of switches associated with stretches of track to
provide these various conflicting and non-con-
flicting routes may be said to constitute an “in-
terlocked group.”

Each of the various routes afforded by an in-
terlocked group may bé used for train movement
in one direction or in boeth directions, as may be
required for the desired movement of traffic. For
train movement over a route in one @irection, an
entrance signal is provided and located adjacent
the entrance end; and for train movement in both
directions over a route, there is an entrance sig-
nal for each end of that route. If the track lay-
out includes two or more interlocked groups lo-
cated end-to-end, the signal locations at the ad-
joining ends of any two  interlocked groups are
each in effect an entrance signal location for one
interlocked group and an exit signal location for
the other interlocked group. These signal loca-
tions may for convenience be termed intermedi-
ate signal locations with respect to through
routes that may be provided through such- ad-
joining interlocked groups.

More specifically, when a track layout includes
two or more interlocked groups, there may be cer-
tain routes of these interlocked groups which may
be set up at the same time in an end-to-end rela-
tion, so to speak, and provide what is convenient-
ly termed a “through route” over two or more
sucecessive interlocked groups and past one or
more intermediate entrance signal locations.

Although such a through route can be estab-
lished by entrance-exit manipulation for each in-
terlocked group in turn, one object of the present
invention is to provide that the system will seb
up a through route in response to the operator’s
manipulation of the manual control devices fo
designate the extreme entrance and exit sxgnal
locations of the desired through route. The
system automatically acts in response to such
manipulation to establish the proper route over
each of the interlocked groups as required to pro-
vide the through route, and cause the intermedi-
ate entrance signals for such through route to be
automatically cleared. Obviously, such opera-
tion of the system greatly simplifies and facili-
tates the operator’s manipulation for the con-
trol of traffic through the interlocking piant.

In some track layouts, the arrangement of

routes that can be set 63 switches and stretches of track for any given in-
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terlocked group may be such that there are two
or more alternative or optional routes between
the same common entrance and exit signal loca-
tions of that interlocked group. Under some
conditions, either one of these alternative routes
may be used for train movement, but under other
conditions a route may be set up in conflict with
one of the alternative routes so that the other
alternative route is the only one available for
use. Thus, another object of the invention is
to provide a system that acts when the operator
manipulates the buttons for common entrance
and exit signal locations for these alternative
routes to automatically select the alternative

routes one at a time in some predetermined order ]

of preference and dependent upon whether or
not the respective routes can be established.

A similar problem of alternative routes is also
presented in connection with the establishment

of through routes, that is, when a plurality of

interlocked groups are lccated end-fo-end, the
track layout usually affords two or more alter-
native routes between the same entrance and
exit signal locations of different interlocked
groups,. thus providing what may be termed
“glternative through routes.” While the number
of alternative through routes depends upon the
number of optional or alternative routes in the
respective interlocked groups, there may be alter-
native through routes even though there are
no alternative or optional routes in any of the
interlocked groups involved.

* Under some conditions all of the alternative
through routes between entrance and exit signal
locations of different interlocked groups may be
available for use without any conflict with other
established routes; and under other conditions
some one or more of the alternative through
routes may be in conflict with some route estab-
lished in some one of the interlocked groups
involved. Also, some of the alternative through
routes that may be afforded by the track layout
are not desirable for use, as for example, a run-
around movement from one track over a cross-
over in the reverse position to another track
and then back to the first track over another
crossover in the reverse position, when  train
movement straight along the first track is pos-
sible.

Where the track layout affords alternative !

through routes, the present invention provides
that only one of the varicus alternative through
routes will be selected and established upon
actuation of manual control devices to designate
the extreme entrance and exit ends thereof; and
since one or more of these alternative routes
may not be available or desirable for use at dif-
ferent times, this selection of a particular
through route to be established is in accordance
with some order of preference and is also de-
pendent upon conditions of conflict with some
other through route or route over some one of
the same individual interlocked groups.

In accordance with this invention, the opera-
tion of the system to establish routes and clear
signals under these various conditions is initiated
or controlled by actuation of freely movable
manual control devices to designate first an
entrance signal location of the track -layout
where the train to be moved is approaching or
standing, and then an exit signal location of
the track layout to which it is desired to move
the train. Since these manual control devices
are freely movable and may be actuated by the
operator at any time, safe operation of the sys-
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tem requires that the power operation of all
track switches should be subject at all times to
the control of track circuits and associated relay
means for detector or route locking, so that the
operation of each of the switches in a route is
prevented while a train is passing cver or ap-
proaching said switches in traversing the route,
in spite of any control that may be imposed by
the operator carelessly or by mistake to change
the position of such switch point.

Also, the signal to be cleared should be the
one atb the entrance signal location designated by
the operator’s manipulation, and this signal
should not clear unless all of thee switches in the
route have been properly operated to the required
position. The same signal, perhaps with distine-
tive route or speed indications, is ordinarily used
to govern train movement into a plurality of
different routes; and since this signal should not
assume its clear condition unless the switches
have been operated to the position required for
a particular one of these routes than designated
by the operator, according fo this invention, each
signal is cleared by closing a clearing circuit
which is closed only if all of the switches in
some route originating at the corresponding
entrance signal location are in the normal or
reverse positions corresponding with the control
then being exercised by the operator. It is also
considered preferable to arrange the signal clear-
ing cireuits so that a signal may not clear for a
route until all of the switches in that route are
effectively locked against power operation.

In connection with the control of signals by
track circuits, it is contemplated that the prac-
tice suitable for the particular layout and kind
of traffic will be adopted. In the case of some
signals, such as those governing high speed train
movement, the signal clearing circuit would ordi-
narily be controlled by track circuits of a portion
of track extending to the next succeeding signal
governing train movement in the same direction,
in accordance with the principles of automatic
block signalling, so that such a signal may not
assume its clear condition unless the block ahead
is not occupied by some other car or train.
Under other conditions, particularly where it is
desirable to move a locomotive or train into an
occupied section of track for coupling or uncou-
pling of ecars, or for switching moves, the signal
may be allowed to clear independently of the
track eircuits, provided the switch points are in
their full normal or reverse positions and safe for
train movement. Such variations in the kind of
sighal control in accordance with recognized
practice are not material to the invention; and
while various arrangements of high speed sig-
nals, shunt or dwarf signals, or “call-on” signals
may be employed, in the interests of simplicity
it has been assumed in connection with the
particular embodiment of the invention illus-
trated that the entrance signals for the various
routes will be of the low speed type without
automatic track circuit control.

In its ‘broad aspect, this invention involves a
rather complex combination or organization of
electrical relays, circuits, and contacts, which
are adapted and arranged for each installation
to conform with the location and arrangement
of switches, signals and the like. Generally
speaking, in addition to suitable means for safe-
guarding the power operation of switches and
the clearing of signals under the supervisory
manual control of the operator, the system com-
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prises an organization of relays, circuits, and
contacts, constituting what may be conveniently
termed a route selecting or establishing means,
which is conditioned and operated by the actu-
ation of manual control devices to designate the
entrance and exit signal locations of a track lay-
out, ‘and which acts automatically to control
the. power operation of the appropriate switch
points to the proper positions to provide a route,
or a through route, between any entrance and
exit signal locations designated, and to control
the clearing of the signal or signals of such a
route or through route, regardless of the number
of- ‘alternative routes or alternative through
routes that may be afforded by the track layout,
and with the due regard to conflict with other
routes then established by the route establishing
means.

One characteristic feature of this route estab-
lishing means is that the power operation of
each of the switches to the normal or reverse
position is governed by the energization of asso-
ciated normal and reverse switch control relays;
and an assemblage of circuit paths and contacts
each relating to and controlling the energization
of the switch control relays for one of the several
individual switches are organized in such a way
that actuation of manual control devices to des-
ignate the entrance and exit ends of any given
route will cause energization of 2 selected switch
control relay for each of certain selected
switches, as may be required to operate the ap-
propriate switches to the proper positions to pro-
vide such a route, these circuits having their
interconnections and continuity governed by
contacts of these switch control relays so as to
provide the necessary interlock between con-
flicting routes. In this arrangement character-
izing this invention, the routes are established
and the interlocking between conflicting routes
is effective by reason of operations relating to
the switches individually, rather than by reason
of operations relating to the respective routes as
a whole,

Another important aspect of this invention is
that the desired and appropriate route is pro-
vided or built up by what may be termed pre-
selection and completion operations of the route
establishing means, for the purpose of enabling
one appropriate route through an interlocked
group, or a through route over a plurality of in-
terlocked groups, to be automatically selected and
established effectively upon actuation of manual
control devices to designate the entrance and
exit ends of such route or through route.

Considering the principles underlying this
scheme for establishing routes by pre-selection
and completion, any one of the various routes of
a rajlway track layout may be analyzed as in-
cluding one or more single switches, ends of
crossovers, or the like, over which a ftrain moves
in turn in traversing the route, each of these
switches having its points disposed with respect
to the entrance end of the route, either in a fac-
ing point relation and capable of diverting train
movement from the route in question to some
other route, or in a trailing point relation so
as to have only one position suitable for con-
tinued train movement in a direction away from
said entrance
analysis, it can be seen that switches in a route
in a facing point relation to the entrance end
are necessarily in g trailing point relation to the
exit end. In short, any route may be consid-
ered as made up of switches dispoesed in a trail-
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ing relation to one end of the other end of the
route, Accordingly, it can be seen that any par-
ticular route of an interlocked group when iden-
tified by its entrance and exit ends, can be se-
lected from all of the other routes by combining
the position of switches in turn, starting at the
exit end, in accordance with the position there-
of required by reason of their trailing relation to
either the entrance or exit end, as the case may
be. In other words, when the trailed positions
of switches for one direction of train movement
from one signal location are combined with the
trailed position of switches for the other direc-
tion of train movement from another signal loca-
tion, the result is a route between said signal
locations.

With these considerations in mind, pre-selec-
tion according to this invention may be said to
involve, in response to the actuation of a manual
control device to designate any given entrance
signal location, the operation of automatically
pre-selecting or conditioning each of those
switches which is included in any one of the
routes originating at said entrance signal loca-
tion and is disposed in trailing relation thereto,
for. operation to the position required on account
of such trailing relation. In this connection,
although a route is not identified until the exit
end as well as the entrance end has been desig-
nated, once an entrance signal location is desig-
nated, there is a determination of the position
to which the trailed switches in all of the possible
routes from the entrance signal location should
be operated, if such operation is required for
the particular one of these routes subsequently
chosen, inasmuch as the only possible paths for
train movement, regardless of which of these
routes will be chesen, will he over these trailed
switches in certain positions.

During this pre-selection operation, the trailed
switches will not be actually operated by ener-
gization of their switch control relays, but the
route establishing means is conditioned or pre-
pared to cause operation of such of these switches
as may be necessary when the particular route to
be established is identified by designation of its
exit end. This pre-selection operation in effect
selects energizing circuits for the switch-control
relays associated with these trailed switches, so
as to. provide for the energization of the proper
switch control relays when the completion opera-
tion occurs.

Further, the system is arranged so that the
pre-selection. just explained is effective with re-
spect to each of the trailed switches only if a
path for train movement from the designated
entrance signal location to and over said switch
in the pre-selected position is establishable, 1. e.
is not in conflict with some route then established
by the route establishing means. Consequently,
if switches have been pre-selected for operation
to the normal position, for example, preparatory
to a completion operation about to be described,
it is assured that a path for train movement over
these switches in the normal position and ex-
tending to the designated entrance signal loca-
tion can be established.

Following this pre-selection operation, the com-
pletion operation of the route establishing means
occurs when g particular one of the routes orig-
inating at the designated entrance signal loca-
ticn is identified by the actuation of a manual
control device to designate its exit end. During
this completion operation, the proper switch con-
trol relays of the appropriate switches required
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for this route are energized by an operation
which may be explained in general terms as in-
volving determination of the position of suc-
cessive switches in turn, starting with the switch
nearest the exit end, dependent upon the trailing
relation of these switches to the respective en-
trance and exit ends, the switches remote from
thHe exit end to have their position thus deter-
mined being selected in accordance with the po-
sition of the next adjacent switch nearest the
exit end. In the case of switches in a frailing
relation to the entrance end of the route, the
position to which they are operated is in accord-
ance with the pre-selection; and in the case of
the other remaining switches in the route the
position to which they are operated is in accord-
ance with that required by reason of their trail-
ing relation to the exit end of the route. The
completion operation to establish a particular

route originating at the designated entrance sig-

nal location renders ineffective the pre-selection
with respect to all trailed switches involved in
all other routes originating at the same entrance
signal location; but this does not prevent sub-
sequent preselection of one or more of these
same switches upon designation of some other
entrance signal location for a non-conflicting
route. -

Since routes are established by a completion
operation following & pre-selection operation,
the proper functioning of the system requires that
the manual control device be manipulated to
designate an entrance signal location first and
then an exit signal location; and in order that
an’ accidental or careless manipulation by an
operator may not cause unnecessary or abnormal
operation of switches, provision is made in ac-
cordance with this invention so that the actua-
tion of a manual control device to designate an
exit sighal location is not effective to exercise
any control upon the route establishing means,
unless some other manual control device to des-
ignate an entrance signal location had been pre-
viously actuated to perform the desired pre-
selection operation, . Under some conditions a

route between a designated entrance .and exit °

signal location may be in conflict with some route
then established; and provision is also prefer-
ably made in accordance with this invention so
that the actuation of a manual confrol device
to designate an exit signal location is not effec-
tive to control the route establishing means, un-
less some route to that exit signal location is
not in conflict with any established route, in or-
der to avoid unnecessary operation of switches
for routes thai cannot be established.

In the specific embodiment of the invention
illustrated, the pre-selection functions are per-
formed by what is conveniently termed a self-
selecting - initiating circuit network; and the
completion functions are performed by a com-
pletion circuit network. The detail features and
operation of pre-selection and completion as
exemplified by these initiating and completion
circuit networks are more conveniently discussed

as the circuits and operation are described in de- ¢

tail.

This general scherme of pre-selection and com-
pletion is specially adapted to provide the de-
sired control for the automatic selection of op-
tional or alternative routes. When, for example,
that end of a crossover, which is in a trailing
relation to a designated entrance signal loca-
tion, is required to be in opposite positions for
different alternative routes, the pre-selection is
arranged to be normally effective for a preferred
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one of these positions only, as for example, the
normal position. Consequently, if the common
exit signal location of alternative routes should
be designated, this crossover is positioned during
the completion operation to provide a predeter-
mined one of the alternative routes. Also, this
pre-selection operation for the preferred posi-
tion of such switches involves the energization of
circuits having their continuity controlled by
contacts of switch control relays in such a way
that the pre-selection is not effective with re-
spect to any given one of the switches unless part
of a route or path for train movement from the
designated entrance signal location to and over
said given switch in the pre-selected position is
not in conflict with some route then established
by the route establishing means. Thus, if the
predetermined or preferred position cannot be
used on account of conflict with some established
route, the other position of such switch is pre-
selected, and during the completion operation
another alternative route is the one that is estab-
lished.

The principle of pre-selection and completion

« is also specially adapted for through route op-

eration. In accordance with this invention, upon
actuation of a manual control device to designate
any given entrance signal location, the pre-selec-
tion is effective for all routes originating at that
signal location in all interlocked groups; and
when the extreme exit end of a through route
has been designated, a particular route is estab-
lished through the corresponding remote inter-
locked group in accordance with the preselection
to provide a route through that remote inter-
locked group from a particular intermediate en-
trance signal location. Upon completion of this
route through the remote interlocked group, suit-
able relay means and circuit connections for
through route operation are rendered effective
at this particular intermediate signal location to
perform entrance and exit functions at that sig-
nal location, much the same as if the manual
control devices had been actuated for that signal
location. This controls the clearing of the signal
at the intermediate signal location in question,
and also initiates 2 completion operation for the
next adjoining interlocked group, which estab-
lishes a particular route through that interlocked
group to a particular intermediate entrance sig-
nal location of that group; and this same plan of
operation is repeated for as many interlocked
groups as may be necessary until the complete
through route is established and the signals con-
trolled to assume the clear condition.

During such preselection operation in the dif-
ferent interlocked groups, each of the switches in
a trailing relation to the designated entrance sig-
nal location is pre-selected for operation to a
position to conform with some route originating
at that entrance signal location, provided routes
or parts of routes forming a path for train move-
ment from that signal location to and over said
switeh in said selected position is not in conflict
with some other established route. Consequently,
the completion operation is effective to select au-
tomatically between alternative through routes
that may exist, in accordance with a predeter-
mined preference and dependent upon conflict
with other established routes, in a manner which
can be understood to better advantage as the
detail operation is explained.

A further important attribute of this invention
is the economy in the number of relays required

5 to perform the functions of preselection, com-



pletion, 4nd the like in the rather involved or-
ganization constituting the invention: ahd in
general the number of relays required is depend-
ent upon the number of switch points in the track
layout, and nof upon the arrangement of these
switch points, or the number of routes afforded
by the track layout. In the preferred embodi-
ment of the invention illustrated, there is a pre-
selecting relay, a normal and a reverse switeh
control relay for each single switch; and a pre-
selecting relay and normal switch control relay
for each end of a crossover, with a reverse switch
control relay common to both ends of & cross-
over.

Another feature of the invention is that the

auxiliary or emergency switch levers, which are
usually provided in an entrance-exit system for
controlling the operation of switch points indi-
vidually, controls the energization of the switch
confrol relays in such a way that the operation
of an auxiliary lever is not effective to interfere
with a route established, but may be tsed to
modify the operation of the route establishing
means, if occasion should require.

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

In descriping the invention in detail, reference
will be made to the aceompanying drawings, in
which like letters in the reference characters
designate simnilar functions or relationships with
the distinctiveness between such reference char-
acters provided by the use of distinctive preced-
ing numerals; in which like preceding numerals
in the reference characters when applied to dif-
ferent letters represent the inclusion of such de-
vices within a particular group; and in which:

Figs. 1, 2, 3 and 4, when placed end to end,
show the miniature track diagram and self-se-
lecting neftworks for a complieated track layout
involving the feature of end-to-end entrance-
exit control;

Fig. 5 shows typical switch and signal control |

circuits, which are governed by a. self-selecting
network, and their relationship to various: of the
automatic traffic controlling features.

Figs. 6, 7 and 8 show the: track layout. and sig-

nzal control employed in connection with.the end~

to-end feature shown in Figs. 1, 2, 3 and 4;

Figs.. 1 and 4, when placed end to end disclose
the miniature track diagram and self-selecting
network for a single interlocked group; and:.

Pigs. 6 and 8, when placed .end to-end, show the
track layout and signal control for a.single inter-
locked group as shown by Figs. 1 and 4. )

Fig. 9 illustrates the relationships of the var-
ious figures.

For the purpose of simplifying the illustration
and. facilitating in the explanation thereof, the
conventional parts and circuits constituting the
embodiment of the invention have been shewn
diagrammatically and certain conventional ilTus-
trations have been employed, the drawings hav-
ing” been made more with the idea of making
clear the purposes and principles of the present
invention together with its mode of operation,
than with the idea of illustrating the specific
constructionn and arrangement of parts that
would probably be employed in practice:

The various relays and their contacts are illus-
trated in a conventional manner and symbols are
employed to indicate connections tothe terminals
of batteries or other suitable sources: of electric
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currenb supply instead of showing alt of the wir=
ihg eonnectings to such terminals. »

The symbols () and (—) are employed to
indicate the positive and negative terminals re-
spectively of suitable batteries or other sources
of electric energy; and those terminals with
which - these symbols are used are assumed to
have current flowing from the positive terminal
designated (4) to the negative terniinal desig-
nated (=),

The symbels employed with any one cireuit are
considered to designate the terminals of the
same battery or other suitable source, but it is
to be understood that as many separate sources
may be provided as found necessary, or as many
sourees may be combined into a single source as
found exXpedient in the practice of the invention.

If alternating current is employed, the sym-
bols should be considered to represent the in-
stantaneous relative polarities of the respectwe
terminals.

Where grotups of devices are referred to in a
genieral way, such devices will be designated by
the letters or preceding nitmerals characteristic
of such groups instead of mentioning each spe=~
cific reference chdracter of that group of devices.

: Apparatus
In the operation of railways, track switches are

o ‘employed at junctions, stations, terminals, shunt-

ing yards, and the like, for directing train move-
ment from one track to another, in and out of
platforms, sidings, and the like, so” as to provide
efficient and expeditious movement of traffic;
and. the track layouts for the varying conditions
of traffic movement involve widely varying ar-
rangenienits of tracks and switches. The system
of this invention is organized so that, by the ap-
propriate selection and inter-connection of
parts, it" may be applied to any one of these
various track layouts; and the particular track
layout illustrated and used gs & basis for an il-
Iustration of the features, functions, and mode of
operation of this invention, is merely typical or
represertative. Accordingly, the various terms
and expressions used herein with reference to
this typical track layout are intended to be em-
ployed i a sense applicable to the various other
arrangenients of track switches and signals that
may be encouritered in practice.

For the purpose of disclositig’ the invention ds
applied to two interlocked groups, & track layoudt
is' employed as shown by the placing of Figs. 6,
7 and 8 end to end. In order that the invention
may also be considered in its simpiest form, that
is, a form which employs only a sinigle inter-
Tocked group, the drawings have been arranged
so that the placing of Figs. 6 and 8 end to end
provide-a track layout for such a single inter-
locked group.

It iy therefore thought expedlent to' set forth
the apparatus used with the track layout of the
conibined Figs. 6, 7 and 8 as well as the organiza-
tion of the complete systemy for stich a track lay-
out, although in the consideration of the opera-
tion of the system of the present invention it is
considered expedient to first describe the opera-
tion of the system for & single interlocked group.

Track layout-~—~With reference to the eom-~
bined Figs: 6, 7 and 8, the invention has been

‘shown: dpplied to a track layout including a

stretch of ‘double track comnected by the cross-
overs: including the track switches 2TSA—2TSB,
4TSA —4TSB;° 5TSA-—5TSB,  TTSA — TTSR,
ITSA—ITSB, IVESA—I0TSB; as well as includ-
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ing the track switches 3TS, 6TS, 8TS, and (ITS
connecting turnout tracks to the double fracks.

Signals 101, 102, 103 and 104 are provided for
governing east bound traffic at the west en-
trance to the track layout, while signals 108 and
109 are provided for governing west bound traf-
fic at the east entrance to the track layout. Sig-
nals 105, 106 and (07 are provided at an inter-
mediate point in the track layout for governing
east bound traffic, while signals 110 and (1 are
provided at an intermediate point in the track
layout for governing west bound traffic.

- Inasmuch as the opposite ends of a crossover
are usually operated at the same time, each
-crossover may be considered as operated by a
single switch machine SM, although it is to be
understood that two such switch machines may
be employed for each crossover if so desired, all
within the scope of the present invention. Thus,
the switch machines 2SM, 3SM, 4SM, 5SM,
6SM, TSM, 8SM, 9SM, {0SM and 1I1SM have
been shown for the crossovers and track
switches, which switch machines may be of any
suitable type, such, for example, as disclosed in
the patent to W. K. Howe, Pat. No. 1,466,903,
dated September 4, 1923, having their motors
controlled in any suitable way such as shown,
for example, in the patent to W. H. Hoppe et al.
Pat. No. 1,877,876 dated September 20, 1932. If
the control of the Hoppe et al. patent is used,
relay WZ of this disclosure is assumed to con-
trol the application of one polarity or the other
to the control relay CR of such patent. '

The various sighals are assumed to be color
light -signals giving the usual indications of green
for clear and red for danger or stop, and yellow,
if an added indication is desired for caution,
when track circuit control is employed. How-
ever, these signals may be of the search light
type, the semaphore type, or any other suitable
type instead of the particular type chosen for the
embodiment of the present invention.

The track layout has been shown divided into
track circuits separated by suitable insulated
joints. These track circuits are provided with
the usual track batteries and track relays, of
which track relays 12T, 13T, 14T, i5T, 16T, 11T,
i8T and 19T have been shown. The number of
track circuits has been determined in accord-
ance with the usual principles by providing at
least one track circuit for each parallel or non-
conflicting route in a particular interlocked
group. These normally energized track circuits
are wired in the usual manner to provide for
fouling protection and to provide for the insula-
tion of the track switches, such details of wiring
having been omitted for the sake of simplicity in
the disclosure. )

Each -track switch and crossover is provided
with - the usual switch position repeating relay
WP of the usual polar-neutral type. Each relay
WP is energized with one polarity or the other in
accordance with the normal or reverse locked
positions of its track switch in correspondence
with its switch machine SM, and is deenergized
whenever its track switch or crossover is un-
jocked or is in operation. The polarized circuit
for controlling such a switch position relay is
governed through the medium of a point de-
tector contact mechanism for each track switch
such as shown for example in the patent to S. S.
Bushnell, Patent No. 1,517,236, dated November
25, 1924, it being understood, of course, that
there would be two such mechanisms if two
switch machines SM were employed for a cross-
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over, which mechanisms would jointly control
the polarized circuit for the single switch posi-
tion repeating relay WP for such crossover.

Conirol machine.—A suitable control machine
is located in the central office and is provided
with a control panel on which a track diagram
is constructed in a manner to be representative
of the actual track layout in the field (see Figs.
1, 2, 3 and 4). The construction of this track
diagram may be of any suitable type, such for
example, as described in the prior application of
S. N. Wight, Ser. No. 69,905, filed March 30, 1935,
or as shown in the prior application of F. B.
Hitchcock, Ser. No. 74,709, filed April 16, 1936.
The features of the control panel for indicating
the routes set up, track occupancy conditions and
the clear or stop condition of the signals, may
be provided in any suitable manner, the present
invention being more particularly concerned
with the setting up of the routes and the inter-
locking between such routes.

At points on the miniature track layout repre-
sentative of the route ends on the actual track
layout in the field, are located suitable entrance
and exit buttons which control the setting up of
routes and the clearing of signals for such
routes. More specifically, an entrance button
NB is provided for each of the signal locations,
such as entrance buttons 19INB, i02NB, i03NB,
104NB, I105NB, (§6NB, I0TNB, (98NB, [CSNB,
{IONB and I{INB for the respective signals in-
dicated by their preceding numerals, Also, an
exit button XB is provided for the exit end of
each route, such as exit buttons 101XB, 162XB,
103XB, I04XB, 195XB, 186XB, [01XB, 108XB,
169XB, 110XB and I11XB for the routes ending
at the signals indicated by the preceding numer-
als. It is to be understood, however, that the
ends of the routes may or may not correspond to
the locations of signals represented on the mini-
ature track diagram, since a route is usually
considered as extending from one particular sig-
nal to the next signal governhing traffic in the
same direction, but may extend to some arbi-
trarily chosen point where there is no signal, as
at the end of territory under the control of the
operator.

For the purpose of the disclosure of the pres-
ent invention, each entrance button NB is con-
sidered to be in the form of a knob which is ro-
tated 90° from a normal position to an operated
position in which- operated position it remains
until manually restored. Each knob is provided
with contacts which are closed when it is in the
normal position and other contacts which are
closed when it is in an operated position, such
contacts being associated with their respective
knobs in the disclosure by dotted lines. How-
ever, it is to be understood that various other
types of manual control means may be employed,
as will be mentioned more specifically herein-
after.

Each of the exit buttons XB is of the self-re-
storing push button type, and has been indicated
as associated with its contacts by a suitable dot-
ted line. If is to be understood that the entrance
and exit buttons may be associated on the con-
trol panel in accordance with any desired plan
and still be within the scope of the present in-
vention while accomplishing the novel control of
routes by the distinctive actuation of buttons for
each of the opposite ends of any route, without
operating the individual elements or functions of
the routes, through the medium of self-selecting
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networks organized according to the prineciples
set forth herein.

The control machine also includes auxiliary

switch control levers SML, which are associated
with their respective switch machines SM as in-
dicated by their preceding numerals, and of
which only the lever 8SML has been shown (see
Fig. 5). These emergency switch control levers
may be suitably lceated on the control panel, or
may be suitably located on the back of the con-
trol machine, as desired, inasmuch ag these con-
trol levers are merely auxiliary levers for indi-
vidually operating the levers under certain ab-
normal conditions hereinafter described in de-
tail.

System devices—The enfrance buttons NB
and exit buttons XB are respectively indicated
as connected to the contacts which they operate
by suitable dotted lines so as to make their re-
lationships readily apparent. Each exit button
XB has associated therewith an exit relay XR.
Although the entrance buttons NB are shown as
operating contacts directly included in the self-
selecting networks of the system, it is to be un-
derstood that such control may be repeated
through entrance relays, if it is so desired.

The contacts of the entrance button NB for
-one end of a route and the contacts of the exit
relay XR for the opposite end of that route
jointly -control the positioning of the proper
switch control relays for the switches and cross-
overs in that route.

For each crossover, switch control relays AN,
R and BN is employed, while for each single
switch, control relays N and R are employed.
These relays are of the neutral type and govern
the operation of their respective switch ma-
chines through the medium of polar-neutral re-
Jays WZ as hereinafter described. These switch
control relays AN, R, BN, N and R are selected
through the self-selecting network of the system
by certain auxiliary relays AZ and BZ and Z in
-a manner specifically described hereinafter.

With reference to Figs. 4 and 5, the relation-
ships of these switch control and selecting re-
Jays may ‘be more readily appreciated. The
-crossover ‘including the track switches 9TSA and
9TSB are controlled by the switch machine 8SM,
which .switch machine is in turn controlled by
the switeh controlling relay 9WZ, while the
switch control relays 9AN, 9R and $BN control
the relay SWZ. It will be readily apparent that
‘the relays 9AN and :$BN .are respectively associ-
ated with the switches $TSA and 9TSB, as the
reference characters 8A and 9B are common to
both sets of devices. Similarly, the selecting re-
1ays 9AZ and 9BZ are respectively associated with
‘the switches ‘9TSA and 9TSB, as designated in
their reference characters having their common
characteristics 9A and 8B. However, relay IR
‘is ‘associated directly with both track switches
9TSA ‘and STSB.

‘Each track switch or crossover has associated
therewith ‘a lock relay L which prevents the op-

-eration of ‘such track switch when it is unsafe for
it to be -operated. Such a lock relay has been
typically shown in Fig. 5 of the drawings by the
relay 9L, and associated with each such lock re-
lay is the route -locking for that switch which
‘has ‘been designated by the single relay $RL.
This route locking may include any suitable
route locking features such as shown for exam-
‘ple in-the above mentioned applicatiqn of S. N.
Wight, Ser. No. 69,905, filed March 20, 1936, or
-as shown in the patent of C, F, Stoltz, Palent
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No. 2,115,511 granted April 26, 1938, but it is bes=
lieved unnecessary for an understanding of the
use of route locking in the present invention to
disclose the details of such locking.

Relays NCR and RCR are provided for each
track switch or crossover to indicate when such
track switch is in correspondence with its con-
trol relays, as will be pointed out in detail here-
inafter.

A signal control relay G is provided for each
signal for causing that signal to indicate clear
or stop. These signal control relays have been
specifically shown for each of the signals in the
track layout and the selecting circuits for such
relays have been shown in detail. However, the
dotted lines connecting such relays with their
respective signals have been omitted in all fig-
ures of the disclosure except where the associa-
tion is made readily apparent in the usual con-
ventional manner without adding complexity to
the drawings, as in Fig. 8.

It is believed that the remaining features of
the present. invention will be best understood
by considering the detailed operation of the
system.

Operation

It is believed expedient to first consider the
invention with regard to its simplest form, that
is, the embodiment of the invention which in-
cludes only a single interlocked group. The
placing of Figs. 1 and 4 end to end shows the
track diagram and self-selecting network for
such a single interlocked group; while the plac-
ing of Figs. 6 and 8 end to end shows the actual
track layout in the field together with the sig-
nal circuit selections for such layout.

Fig. b is used with this arrangement of draw-
ings which shows a single interlocked group, and
is also used with the arrangement cof drawings
which shows a plurality of groups combined for

- end-to-end operation, to show in detail a typical
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switch control carried from switch control re-
lays of the seli-selecting network to their switch
machine. This control is typical of every track

3 switch inthe layout irrespective of whether there

is but a single switch or whether there is a cross-
over involved.

Inasmuch as one form of the invention em-
ploys Figs. 1 and 4, for example, placed end to
end, while another form of the inveniion em-
ploys these two Figs. 1 and 4 separated by Figs.
2 and 3, it becomes necessary to employ a special
system of numbering of the wires which cross the
sheets of drawings so as to readily identify the
circuits as they are pointed out in detail. To
accomplish this purpose, each wire mentioned as
extending from Fig. 1, for example, will be given
a separate reference character such as wire 331,
while this wire in extending to Fig. 2 will be given
the reference character 332, but when mentioned
in Fig. 4, it will be given the reference charac-
ter 334 1In other words, when a circuit is traced
with Figs. 1, 2, 3 and 4 used together, the refer-
ence characters will point out in which figures
sueh wires may be found, although the base
number will readily identify which wires fall op-
posite each other when Figs. 1 and 2 are placed
end to end.

With this general organization in mind, we
may now consider the operation of the system in

-establishing a route through the track layout for

the single interlocked group.
Normal conditions. — Although the track
switches TS are usually left in their last operated

‘positions under normal -operating conditions,
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they have been shown in the disclosure in posi-
tions for the passage of main line traffic. The
signals are considered to be normally “at stop”
with the lower or red indicator of each signal
normally illuminated, unless approach lighting
features are employed in accordance with well
known practices.

The track circuits are all unoccupied so that
their respective track relays T are normally
picked up.

All of the lock relays L are normally energized
as will be readily apparent upon the considera-
tion of the lock relay SL of Fig. 5, which will he
considered in detail hereinafter.

All of the switch control relays N, R and WZ
are normally deenergized. It is preferable that
all of the indicators on the control panel be nor-
mally deenergized to provide what has been con-
veniently termed “a normally dark board,” al-
though any arrangement of indications may be
employed with the present invention without de-
parting from the use of the principles involved
in the present invention.

Preselection operation by a self-selecting initi-
ating circuit network.—As previously explained,
the operation of the system of this invention to
select or establish a route involves what is con-
veniently termed a conditioning or preselection
operation initiated by the operation of an en-
trance button alone, fcllowed by a completion
operation in response to the actuation of an exit
button. ’

In the specific embodiment of the invention
illustrated, the position of trailed single switches
and ends of cressovers is preselected by the ener-
gized or non-energized condition of an associ-
ated pre-selecting relay Z, the energized condi-
tion of this relay corresponding to operation to
the normal position, and the deenergized condi-
tion to the reverse position. Upon actuation of
an entrance button, the appropriate pre-select-
ing relays Z for the switches, which are included
in the various routes originating at the corre-
sponding entrance signal location and which are
disposed in a trailed relation to said enfrance
signal location, are energized by circuit paths ar-
ranged in the form of a network. Since these
switches of an interlocked group that are trailed
for one direction of irain movement, are in a
facing point position for the opposite direction,
there are separate initiating circuit networks for
opposite directions of train movement over an
interlocked group.

Considering a typical example of this preselec-~

tion operation, let us consider that the operator :

desires to establish a route from the entrance
signal 181 to the signal i88. To do this, he turns
the entrance button (B8{NB clockwise to an op-
erated position to close contacts 30 and apply
electrical energy to a feed point of the initiating
circuit network. This causes energization of a
preselecting relay Z for each of the trailed
switches required to be normal in all of the routes
originating at the entrance signal {8!. In other
words, the pre-selecting relays Z of all of the
switches, which are included in all the routes
originating at signal {81, receive energy over the
circuit paths of the initiating circuit network,
providing such switches are in a trailing relstion
to this entrance signal {8{, and also providing
these switches are trailed in the normal position.

Applying these principles in the case of the
assumed actuation of entrance button {8iNB, it
will be evident upon reference to the track lay-
out illustrated that there is one route from the
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signal 184 to signal {88, and another route from

signal i8¢ to signal 183. A train moving from -
signal 18} over either of these routes passes over
the switch 3 in a trailing direction; but since this
switch 3 is trailed in the reverse positions, its
pre-selecting relay 3Z of Fig. 1 is not energized.
Each of these routes originating at the signal 181
also includes the switch 9TSA for the upper end

of the crossover 9; but since this switch is in

the facing point relation to the signal 101, its
pre-selecting relay $AZ does not have its ener-
gization controlled. The switch 9TSB for the
lower end of the crossover 8 is included in a trail-
ing relation to the entrance signal {81 in the
route to signal (8%; but since this switch is
trailed in the reverse position, its associated re-
lay 9BZ is left deenergized. The switch (§TSA
for the upper end of the crossover 18 is in a trail-
ing relation to the entrance signal 181 and is in-
cluded in the route to signal 108; and since this
switch is trailed in the normal position, its as-
sociated relay i8AZ is energized over a circuit
path of the initiating circuit network, which will
be presently traced in detail. The switch 10TSB
for the lower end of the crossover {8 is included
in the route to signal {88 but is in a facing point
relation to the entrance signal 101, so that its
relay {8BZ does not have its energization con-
rolled. The switch {I'TS is included in the route
to signal 189, and is also trailed in the normal
position, so that its pre-selecting relay 11Z is
energized by a circuit path which will be pres-
ently traced in detail.

The circuits for energizing the pre-selecting
relays 10AZ and {IZ in the example under con-
sideration may be traced from (4, through the
contact 36 of the entrance button 18INB, back
contact 3! of the exit relay [0IXR for the same
signal location, back contact 32 of relay 3Z, wire
33! of Fig. 1 to wire 33¢ of Fig. 4, where the cir-
cuit divides into two branches for the energiza-
tion of relays {0AZ and [iZ respectively. For
the energization of relay I8AZ the circuit con-
tinues through back contact 24 of relay SR, back
contact 3% of relay {8R, winding of relay [0AZ
to (=), the energization of this relay 16AZ clos-
ing its front contact 40 and continuing the cir-
cuit to the exit relay i88XR. The branch circuit
for energizing the relay |iZ continues from wire

g% through the back contact 3% of relay SAN,
back contact 288 of relay 29BN, back contact 37
of relay $BZ, back contact 38 of relay I10R, back
contact 39 of relay 1R, winding of relay I1Z to
(—), the energization of this relay i11Z closing
its froni contact §88 to continue the circuit to
the exit relay {88XR,

These initiating circuit paths just traced ex-
emplify certain characteristics or features of the
initiating circuit network which may be discussed
at this time. From one standpoint, the initiat-
ing circuit network may be said to comprise
wires or circuif portions arranged and intercon-
nected through front and back contacts of the
pre-selecting relays Z to conform with the track
layout, in such a way that there is a complete
initiating circuit for each route, usually com-
prising a piurality of such interconnected circuit
portions, which are energized by the actuation
of an enirance bution for that route and which
supply current for the energization of the exit
relay of that route, when the exit button is op-
erated. Hach of these eircuit portions, which
may be considered as relating to either the nor-
mal or the reverse position of the associated
single switch or end of acrossover, includes a
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back, contact of the switch control relay for the
other position of its switch, so that current may
flow over the initiating circuit for a route only
so far as there is a path available for train move-
ment along that route not in conflict with some
other route then established by the route es-
tablishing means, with the result that no current
is.supplied to energize an exit relay, unless some
route can be established to the corresponding
exit signal location from the entrance signal lo-
cation designated. In other words, the initiating
circuit network, in addition to providing for the
energization of appropriate pre-selecting relays,
serves to supply operating current to exit relays
for rendering effective the manual actuation of
exit buttons for routes not in conflict with es-
tablished routes.

For example, in the case of the route from the
signal 101 to signal 109, the circuit path above
traced for energizing the pre-selecting relay 1z
to close its contact 198 and supplying an oper-
ating potential to the relay (09XR, includes the
back contact 39 of the reverse switch control
relay 1IR, so that if there should be a route es-
tablished over the switch 1l in its reverse posi-
tion, the pre-selecting relay (1Z cannot be ener-
gized to position this switch for operation to the
normal position, and the exit relay 189XR can-
not be energized for any route over this switch
in the normal position. Similarly, the energizing
circuit for pre-selecting relay I1Z includes a back
contact 38 of the reverse switch control relay 10R
for the crossover 10, so that if this crossover is
included in its reverse position in any established
route, the pre-selecting relay {{Z cannot be en-
ergized, nor current supplied to.the exit relay
189XR. In this connection, it will be evident
that if either switch 11 or crossover 18 is included
in the reverse position in some established route,
no route can be established to the exit signal lo-
cation 189.

In the case of the crossover 9, the route from
signal 101 to signal 109 is over this crossover in
the reverse position, and under these conditions,
the circuit for energizing the pre-selecting relay
11Z includes the back contacts 250 and 35 respec-
tively of the normal switch control relays 9BN
and 9AN for this crossover, so that if there is a
route established over either end of this cross-
over in the normal position, the relay 11Z and
the exit relay 189XR cannot be energized from
entrance contact 30. In the case of the remain-
ing switch 3, required to be in the reverse posi-
tion for the route from signal {01 this signal {09
under consideration, and although the ecircuit
for supplying current to the pre-selecting relay
t{Z may include a back contact of the relay 3N
in the same way as in the case of the single
switch 17, as illustrated in this particular in-
stance, the back contact 32 of the relay 3Z is
used to open said energizing circuit if the switch
3 is included in some route in its normal posi-
tion,; since the relay 32 is energized when the
switch 3 is controlled to its normal position for
a conflicting route originating at the signal 102.

In a similar way and in accordance with the
same principles, back contacts of the switch con-
trol relays are included in the various circuit
paths for the energization of the pre-selecting
relays Z of the initiating circuit network; and as
will appear as initiating circuits for various
routes are traced later. Upon operation of an
entrance button to supply potential to a feed
point of the initiating circuit network, no oper-
ating potential is supplied to an exit relay un-
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less some route can be established to the corre-
sponding exit signal location from the entrance
signal location designated, and each pre-select-
ing relay is energized only if a path for train
movement is available from the designated en-
trance signal location to and over the corre-
sponding switch in its normal position.

In connection with such a network arrange-

ment of initiating circuit paths, the contacts of
the pre-selecting relays Z act to isolate circuit
portions of the network and avoid the flow of
current over circuit paths that would otherwise
cause improper energization of pre-selecting re-
lays for impossible routes and also supply cur-
rent to exit relays when a possible route could
not be established.. For example, the front and
back contact 32 of the pre-selecting relay 3Z iso-
lates the connections which supply current from
the entrance buttons - 10INB and 102NB respec-
tively to the wire or circuit portion 33. In other
words, the circuit portion for the reverse posi-
tion of switch 3 is disconnected from the circuit
portion for the normal position of this switch, so
that upon actuation of the button [0INB, for
example, current may not flow in a reverse di-
rection, so to speak, over a circuit path corre-
sponding-to the crossover 2 in the reverse posi-
tion and energize the pre-selecting relay 9BZ
improperly, there being no possible route from
the entrance signal 191 over the crossover 2 in
the reverse position and the crossover 9 in the
normal position. In short, the contacts of the
pre-selecting relays Z may be said to limit the
flow of current to initiating circuits for possible
routes.
- Completion operation by a completion circuit
network.—After the energization of the initiat-
ing circuit network in response to the actuation
of an entrance button just described, resulting in
preselecting the position of the trailed switches
in all of the routes originating at the corre-
sponding entrance signal location, operation of
the exit button for a particular one of these
routes energizes the corresponding exit relay.

In the particular route under consideration,
only the relay 18AZ is picked up although there
may be other pre-selecting relays picked up for
the other routes emanating from signal 101, such
as relay 11Z. Upon the actuation of the exit but-
ton 188XB, a circuit is completed for energizing
the relay 108XR from (--), through a circuit in-
cluding lever contacts 38 in an operated position,
back contact 3f of relay 101XR, back contact 32
of relay 3Z, wire 33!, wire 334, back contact 34 of
of relay 9R, back contact 35 of relay I0R, front
contact 40 of relay 10AZ, windings of relay
I08XR, back contact &1 of exit buiton 108XB,
lever contact 42 of entrance button {08NB in a
normal position, to (—). The current, which
flows in this pick-up circuit, causes the contacts
of the relay 108XR to be picked up. The closure
of contact 43 of relay 108XR applies (—) to the
right hand terminal of relay [08XR to shunt
out the self-restoring contact 41 of the exit but-
ton 108XB to thereby cause relay 128XR to be
stuck up dependent upon the entrance button
{0{NB, although the operator releases the exit
button 108XB.

It will be noted that there is an auxiliary
pick-up circuit for the exit relay 188XR from
(4, through a circuit including lever -contact
30 of entrance button 10i{NB in an operated po-
sition, back contact 31 of relay (0{XR, back con-
tact 32 of relay 37, wire 331, wire 334, back con-
tact 36 of relay 9AN, back contact 258 of relay
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9BN; back contact 31 of relay 9BZ, back:contact
235 of: relay 10BN, back contact 238 of relay
10AN: back contact &9 of relay’ [0AZ; windings of

relay 108XR, back contact &1 of exit button.

{08XB; lever contact: 42: .of entrance button:
{08NB in. a normal position,; to (—).

This circuit-is not closed under the usual op-
erating: conditions because the relay 18AZ is-im-
mediately. picked up upon the:closure of’the lever
contact -39, ‘and: also because a short- interval:of
time' occurs between the operation of the en-
‘trance: button 0{NB and the operation of the
exit button. 188XB; so that the relay 10AZ has
time to-pick up-and.open.this auxiliary pick~up
circuit at back ‘contact.48. However, if the.re-
lay I8AZ. fails to pick up either because of a
fault in- its pick-up: circuit: or because its. pick-
up circuit has been manually opened. (as:herein--
after pointed out), 'a so-called “run-around
route” “will be established over the crossovers 9
and 10-in reverse positions; This “run-around
route” will be discussed in detail following the
consideration - of -the ‘completicn of ‘the main
route. governed: by. the:operation: of the entrance
button. 10ANB and the:exit button: (08XB:.

This energization of the exit relay (08XR
closes ‘its.contact 44 -and supplies an operating
potential: to:a. completion circuit network which
may be .said to be analogousito the initiating cir-
cuit network in the sense that it comprises wires
or:circuit ‘portions, corresponding to the normal
or reverse position of each single switch or end
of“a crossover, which are: inter-connected in ac-
cordance with the arrangement of the switches
in the track layout, by front or back contacts of
the pre-selecting relays-Z, or by front contacts-of
reverse. switch: control relays, or by direct con-
nections, as-the case may be. Each: of these cir-
cuit “portions, corresponding respectively to the
normal -or reverse position of one ‘of the track
switches; has- its- associated normal or reverse
switch control relay connected to it, so that the
application of an-operating potential to such cir-
cuit ‘portion-effects the energization of the nor-
mal:or reverse switch control relay to cause-op-
eration: ‘of the track switch to a corresponding
position. Upon energization of the initiating
circuit network: in- response to the manual actu-
ation. of any given: entrance contact, the result-
ant-energized or non-energized condition of the
pre-selecting relays. serves in effect to connect
the various. citcuit portions for the energization
of switch ‘control: relays in such a way that upon
application -of -a potential to.a feed point of the
completion circuit-network correspending to the
exit ‘end of a route, the proper normal or re-
verse: switc¢h control relays. for the switches or
ends of ‘crossovers-to establish that route-are en-
ergized..

Inthe arrangement illustrated, there is:a com-
pletion circuit network for each direction of train
movement through:-an interlocked group, and
seéparate windings of the switch control relays
are ‘ehergized by these completion circuit net-
works.

‘The completion circuit network for a given di-
rection may be explained. as-acting to govern the
position of successive switches in turn, starting
with ‘the switch nearest the exit-end, dependent
upon. the energized or non-energized condition -of
the- associated ‘pre-selecting relay Z .in the -case
of' aswitch in o trailing relation to the entrance
end; or in-accordance with the circuit connec-
tions .of -the network in the: case of the-remain-
ing:switches in ‘the route disposed in a- trailing
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relation to the exit end. In. other words, the
circuit connections:of the completion circuit net-
work existing after the pre-selection operation
may be considered as acting to energize the
switch: confrol relays of successive switches,
starting with those.nearest the exit end, to build
up-a route by the action of current passing along
circuit ‘portions of the completion circuit net-
work-in much the same way as a. train would do
in following: a path backward from the exit sig-
nal location toward the entrance signal location
over-switches: in their pre-selected position.

Considering a: typical example of this comple-
tion. operation for the route from the signal 181
and-signal 108; when the exit relay 188XR is en-
ergized ‘and closes its contact #4, an operating
potential is applied to a feed point of the comple-
tion circuit: network corresponding to this exit
signal location. The switch 10TSA for the upper
end of the erossover 1§ is the switch nearest this
exit end; and since it is in trailing relation to
the entrance signal (81, its position is determined
by the condition of the pre-selecting relay {0AZ.
As:previously explained, this relay 18AZ is ener-
gized by the initiating circuit, and hence the wire
or circuit' portion to which current is applied
through the front contact 4 of the exit relay
[88XR.is connected through the front contact 45
of the relay I8AZ to the circuit portion of the
network which corresponds with the normal po-
sition of this'switch I18TSA, and to which is con-
nected the normal switch control relay 10AN, so
that the relay {0AN is energized by a circuit
which may be traced from (4), through front
contact: 44 of relay 188XR, front contact 45 of
relay (0AZ, winding of relay {10AN, through back
contact of relay 10AZ, winding of relay I10AN,
through back contact 46 of relay (@R, to (—).

It having thus been determined that the route
to be built up is-over the upper end of the cross-
over 10 in its normal position and along the up-
per track, it can. be seen upon referring to the
track layout that, if this upper end of the cross-
over is:to be-in the normal position for a route,
the switch 9TSA for the upper end of the cross-
over 9 -must also be in the normal position; and
hence the: circuit portions for the relays 9AN and
{0AN may be directly connected. In other words,
the position of the switch 9TSA, which is dis-
posed. in a trailing relation to the exit end, is
determined when' the positioning of the switch
[0TSA is: determined; and there is only one po-
sition which. the switch 9TSA may have to pro-
vide a path for train movement, so that relay
9AN may be energized in multiple with relay
f0AN by & circuit readily traced through the up-
per winding of relay 9AN and back contact 47 of
relay SR, to (—).

The positioning of the switch 8TSA for the
upper end of the crossover {0 in accordance with
its preselection also determines that the route
to be established .is along the upper track, and
accordingly current is passed on from the wire
energizing relay I10AN through back contact 48
of relay 9R to wire 49% of Fig. 4 connected to
wire 49! of Fig. 1 and to the contact 58 of the
preselecting relay 3Z for the next succeeding
switch 3. Switch 3 isin a trailing relation to the
entrance-signal 181, but is trailed in the reverse
position, and hence its pre-selecting relay 3Z is
not energized. Current is thus supplied through
the back contact 58 of this relay 3Z to the circuit
portion for the reverse position of this switch, to
which is:connected the reverse switch control re-
lay 3R, .so that its upper winding is energized by
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a. circuit readily traced from (4-), through front
contact 44 of relay 108XR, front. contact 45 of
relay [0AZ, back contact 48 of relay IR, wires
49¢ and 49!, back contact 50 of relay 3Z, upper
winding of relay 3R, back contact 51 of relay 3N,
to (—).

In connection with the completion ¢ircuit net-
work, it may be pointed out here that certain cir-
cuit portions thereef are connected upon ener-
gization of reverse switch control relays, and
other connections normally existing are broken
upon ..such energization. For example, in the
case of the route from signal 18 to 188 just de-
scribed, the circuit portions for the energization
of relays SAN is normally connected-through the
back contact 48 of the reverse switch control re-
lay 9R to the wire 49¢ leading to the contact 58
of the pre-selecting ‘relay 3Z, while the - circuit
path for the energization of the reverse switch
control relay 9R . is . connected to the wire 484
through its front contact-48. This arrangement
of :interconnecting circuit portions of the com-
pletion circuit network:through front and back
contacts of -reverse switch confrol relays is em-
ployed for the purpose of isolating the circuit
portions for:the energization of normal and re-
verse switch control relays, so that current sup-
plied to a reverse switch control relay of a switch
cannot also flow to & normal switch control re-
lay of that switch and any associated switch, or
vice ‘versa, and thereby cause the undesired op~
eration of switeh -control relays.

Considering another characteristic of the-com-
pletion circuit network, the operation of an en-
trance ‘button energizes pre-selecting relays for
all of the establishable routes originating -at the
corresponding - entrance signal ‘location; -and
when: a particular one of these routes is estab-
lished by the operation of the completion circuit
network, the pre-selection is rendered ineffective
with respect to all 6f the- cther routes originating
at the same entrance signal location. "For-exam-
ple, at the time the exit relay -{88XR is ener-
gized and the route of -signal {81 to signal {28 is

established as just described, other initiating cir- -4;

cuit paths are energized to energize pre-selecting
relay (17 for a:route from signal 18! to signal
189; and when the route from signal {81 to- sig-
nal 08 is established, these other: initiating cir-
cuit paths for the other routes are broken so-as
to prevent energization of relay 14Z so far as its
energization from the entrance button (0INB is
concerned, but at the same time leave available
initiating circuit paths for the energization of

the pre-selecting relay {!Z upon actuation of ;

some other entrance button for a non-conflicting
route, such as the entrance button {83NB. This
effect is produced by opening the back contact 36
of switch control relay 9AN, when.the upper-end
of ‘the crossover 9 is operated to the normal po-
sition, to interrupt the supply of current to the
relay 14Z from the button 10§NB, this being the
point of conflict between the established route
from signal {81 to signal 188 and the route from
signal 181 to signal 189. It can be seen - that
the opening of this back contact 36 of the switch
control relay 9AN does not prevent the energiza-
ion of relay {{Z upon the operation -of some
other entrance button, such: as-entrance button

103NB, for some route not in-conflict with the 3

established route, such as over the lower end of
the crossover 9 in the normal position. The same
plan of control applies to the other routes; and
it may be said that upon -establishing -a given
route, the initiating circuit paths for all other
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routes originating at the same entrance signal
location are interrupted .at the points of conflict.

‘Further, the energization of switch control re-
Jays. to establish a route controls the circuits in
such a way that.the operation of an entrance
and/or exit button for any conflicting route will
not effect any change in the circuits of the initi-
ating and completion circuit network so far as
the established route is concerned. This inter-
lock between . conflicting routes will be consid-
ered -later in detail, and it is considered ex-
predient to discuss.now the manner in which .the
switch control relays govern the operation of
their ;associated track switches.

From the . above description, it will be seen
that the. operation of an entrance button 'NB
closes .a contact ‘which applies positive poten-
tial (<) to what are conveniently termed ““initi-
ating circuit paths” which correspond to the
available routes emanating from the entrance
point corresponding to the operated entrance
button. The operation of the exit bution.XB
employs the energy of a particular one of the
initiating circuit. paths.to pick up and stick the
exit relay for the corresponding exit point, which
exit relay. applies energy to a completion circuit
path: corresponding to the: initisting circuit path
supplying energy to such exit relay. It will, of
course, be apparent that only one completion cir-
cuit path can be energized by the picking up of
an exit relay because the preselecting relays Z
allow energy to be.applied only to the completion
circuit path corresponding to the employed initi-
ating circuit path, and the response of the N and
R relays to the energization of the completion
circuit “paths completely .isolates the initiating
and completion circuit. paths so.that they . can
not be interrupted by the.operation of an en-
trance. and exit button for a conflicting route.

In general, it ‘may be stated that there is a
group of initiating circuit paths for each direc-
tion and. a group. of completion: circuit paths for
each. direction with the circuits of each group ar-
ranged according to the.several routes through
the track layout,-and the initiating and comple-
tion . circuit paths for each route cooperate to
establish that route to which they correspond.
These principles apply both to the simplified
track layout arrangement of Figs. 1 and 4 and
also to: the more complex track layout arrange-
ment of .Figs. 1, 2,3 and 4. .In other words, the
principles .of the self-selecting network of the
present invention are applicable both within a
single. interlocked .group and also to a number of
related . interlocked .groups, all of which will be
more clearly apparent .as the system of the pres-
ent invention is.further discussed.

Switch control—Each of the track switches in-
cluded in the route respond to their. respective
switch control-relays'N and R, but only the op-
eration with respect to the control of the cross-
over 9 will .be described in detail with reference
to -Fig. 5,-as control is typical of the.operation
of all of ‘the track switches.

More specificaily, the switch control relay AN
has been picked up by the operation of the self-
selecting network. 'This closes an energizing cir-
cuit for the switch control relay WZ from (4,
through-a circuit including front contact §7 of
relay -8AN, front contact 58 of relay 8L, upper
winding of relay $WZ, to (—). The energy
which “flows -in this circuit actuates the polar
contacts of the relay SWZ to right-hand posi-
tions ‘and causes the neutral contacts to be
picked -up. .
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The response of the relay 9WZ closes the nor-
mal operating circuit for the switch machine
9SM from (4, through a circuit including front
contact 59 of relay 9WZ, polar contact 68 of re-
lay 9WZ in a right-hand position, front contact
61 of lock relay 9L, through the switch machine
9SM, front contact 62 of lock relay 9L, polar
contact €3 of relay 9WZ in a right hand position,
to (—). The current which flows in this nor-
mal operating circuit causes the switch machine
9SM to operate the track switches 9TSA and
9TSB to normal positions, if they are not already
in such position.

It will be noted that the normal energizing
circuit for the relay 9WZ and also the operating
circuit for the switch machine 9SM include front
contacts 58 and 61 respectively of the lock relay
9L. This lock relay 9L is normally energized by
g circuit closed at (<), through a circuit in-
cluding front contact 64 of route locking relay
8RL, front contact 65 of relay (1T, front contact
66 of relay 18T, back contact 67 of relay IWZ,
windings of relay 9L, to (—).

The energization of the relay 9WZ opens this
pick-up circuit for the lock relay 91 at back con-
tact 61, so that, when the switch machine 8SM is
already in a normal position, as in the case un-
der consideration, the correspondence relay
9NCR is already energized, which allows the lock
relay 9L to immediately drop away.

The energizing circuit for the normal corre-
spondence relay 9NCR is closed from (-}),
through a circuit including polar contact 68 of
relay 9WZ in a right-hand position, windings of
relay 9NCR, polar contact 69 of relay SWP in a
right-hand position, front contact 78 of relay
9WP, back contact Tt of relay 9R. to (—).

On the other hand, if the track switches 9TSA
and 9TSB were in reverse positions before the
switch control relay 9AN is picked up, then the
reverse correspondence relay would be energized.
Such energizing circuit for the relay SRCR would
be closed from (+), through g circuit including
polar contact 68 in a left-hand position, windings
of relay 9RCR, polar contact 12 of relay 9WP in
a left-hand position, front contact 73 of relay
WP, back contact 74 of relay 9BN, back contact
15 of relay 9AN, to (—).

Under such circumstances, the picking up of
the relay SAN opens back contact 75 deenergiz-
ing the relay 9RCR. The actuation of the polar
_contact 68 of relay 9WZ to a right-hand posi-
tion continues to cause the deenergization of the
relay 9RCR, and the normal correspondence re-
lay SNCR is not picked up until the frack
switches 9TSA and 9TSB- are completely oper-
ated to normal positions. Thus, upon the open-
ing of back contact 67 of relay 9WZ, a stick cir-
cuit is closed for the lock relay from (4),
through a circuit including front contact 64 of
route locking relay 9RL, front cotnact 65 of re-
lay 11T, front contact 66 of relay 18T, back con-
tact 16 of relay 9NCR, back contact 11 of relay
9RCR, front contact 18 of relay 9L, windings of
relay 9L, to (—).

This stick circuit maintains the relay 8L ener-
gized until the track switches 9TSA and 9TSB
are operated into correspondence with the switch
control relays 9WZ, 9AN, 9R and 9NB at which
time the relay 9NCR is picked up opening back
contact 18 and deenergizing relay 9L, preventing
further control of switch control relay SWZ. It
is noted that the lock relay 9L is made slightly
slow acting so as to bridge any time period be-
tween the opening of back contact 61 of relay
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9WZ and the closing of either of the contacts 16
of relay 9INCR or 17 of relay TRCR depending
upon which operation of the switch machine is
to occur.

The dropping away of the lock relay 8L causes
the switch control 9WZ to be maintained ener-
gized through a stick circuit closed from (),
through a circuit including front contact 57 of
relay 9AN, back contact 58 of lock relay 9L, polar
contact 18 of relay SWZ in a right hand position,
upper winding of relay §WZ, to (—). It is to be
understood that the relay W2 is sufficiently slow
acting to bridge the gap of energization between
the opening of front contact 58 of relay 9L and
the closing of back contact 58 so as to be contin-
uously picked up during the drop away of the
lock relay 9L. -

If the switch control relay 9AN is deenergized
for some reason before the switch machine 9SM
completes the operation of the track switches
9TSA and 9TSB to proper positions, a stick cir-
cuit is closed for the relay §WZ to maintain it
energized for the completion of the switch ma-
chine stroke. This circuit is closed from (4),
through a circuit including back contact 80 of
relay 9WP, front contact 81 of relay 9WZ, polar
contact 19 of relay $WZ in a right hand position
to energize the upper winding of relay 9WZ when
it has heen .actuated to a normal controlling
position, and in a left hand position to energize
the lower winding of the relay $WZ when it has
been actuated to a reverse controlling position,
to (=). It is of course understood that the re-
lay 9WP is deenergized whenever the track
switches 9TSA and 9TSB are being operated
from one position to another, and also that the
correspondence relays 9RCR and 3NCR are de-
energized by reason of open front contacts T0
and 13 thereby causing the lock relay 9L to be
maintained energized.

Before continuing with the completion of the
route under consideration at this time, let us ob-
serve the manner in which the reverse operation
of the track switches 9TSA and 98TSB is pre-
vented while the route is locked either by the
presence of a train on the track circuit 18T or
upon the deenergization of the route locking re-
lay RL. While the route is lecked in advance of
a train or is occupied by a train, the lock relay
9L is maintained denergized. Under such con-
ditions, the operator might, through operations
later to be considered, cause the picking up of the
reverse switch controlling relay 9R which would
deenergize the normal correspondence relay
9NCR at open back contact T1, but the lock relay
9L is dropped away so that energy is merely ap-
plied to the stick circuit for the relay 9WZ from
(4, through a circuit including front contact
82 of relay 9R, back contact 83 of relay SL, polar
contact 19 of relay 8WZ in a right hand position,
upper winding of relay 9WZ, to (—). Such en-
ergization of the relay SWZ merely maintains
its polar contacts in their former right hand po-
sitions and maintains its neutral contacts
picked up.

If a momentary loss of shunt should occur
causing the pick-up circuit of the lock relay 9L
to be closed at front contact 66 of relay 8T, the
pick-up circuit of the lock relay 9L would not
be energized because of opened back contact 67
of relay S$WZ which is maintained energized by
its stick circuit.

In order for the reverse operation of the track
switches to be accomplished (or any operation to
an opposite position), all of the switch control-



2,265,240

ling ‘relays $AN, 9R, and 9BN must: be:deeners
gized allowing the relay 9WZ to be dropped away
while the lock relay can be picked up.. In-other
words, the switch control of the present inven-
tion as typically shown in Fig. 5:provides.what
has been conveniently termed “electric lever lock
equivalent” in such a manner that the switch
control relays 9AN, 9R and 9BN, for example,
are required to be deenergized by restoration of
the governing entrance buttons-in order to. ac-
complish the restoration of the system to normal
conditions so that upon the release of the lock-
ing of a track switch a new controlling -condition
can be immediately effective.

Signal selections—The signal selections : for
the single interlocked group undér consideration
with Figs. 1 and 4 combined, are found in Figs:
6 and 8 placed end .to end:as pointed out in:the
illustration of Fig. 9.

With the correspondence relays for all of the
track switches in the route in proper energized
positions because of the proper response of the
respective switches to their respective: switch
controlling relays, then all.of the-lock relays L
- for such switches are deenergized, at.which time

an energizing circuit is closed for the signal gov-
erning . that route. For example; the route un-
der consideration requires the ftrack- switches
9TSA and (0TSA to be in normal: positions and
locked and track switch 3TS in a reverse positioh
and locked in order to allow the energiza-
tion of the signal clearing relay 101G, which has
a circuit closed from (), through a circuit in-
cluding front contact 84 of exit relay [08XR,
back .contact 85 of lock relay i8L, front contact
86 of correspondence relay (I0NCR, front con=
tact 87 of correspondence relay 9NCR, back-con-=
tact 88 of lock relay. 8L, wire 898, wire 89¢; back
contact 80 of lock relay 3L, back. contact 91 of
correspondence relay 3NCR front contact. 191:0f
correspondence relay 3RCR, back contact. 192-of
exit relay (8IXR, lever contact 193 of entrance
button I18{NB in an operated position, winding of
relay (01G, to (—). The energization. of: the
signal relay 181G causes the signal {01 to-indi-
cate clear instead of stop, while control has been
indicated by a dotted line in Fig.. 6, and.it is
to be understood that each of the signal con-
trolling relays G control their respective: signals
in a similar manner.

The route from signal I81:to the signal 168 is
now established and cleared so:that a train may
pass thereover.

Train passage and route locking—It will be
evident from the previous consideration of Fig. b
that the passage of a:train past the signal 19t
causes the continued locking of the track switch

" 9TSA by reason of the further opening  of the
energizing circuit for lock relay 9L at front con-
tact 66 of track relay I8T. 1It.is to-also be:un-
derstood that the lock relays Li for each of the
remaining track switches are similarly controlled
by their detector track circuits. Also, the: route
locking relay SRL represents any suitable type
approach locking and/or route locking employed
in practice, and may be of the type above men-
tioned in connection with the route locking- as
shown in the patent to C. F. Stoltz, Patent No.
2,115,511, dated April 26, 1938, where the clear-
ing of a signal for a route causes:-each. of the
track switches in that route to be locked and to
remain locked so long as & train is in such route
and the locking for each switch is released in the
rear of such train as it:passes through the route
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returned- to-stop. The: route locking: reldy SRL
is: considered. to embody the. various necessary
selections: for suitable approach and:route locks
ing:forrthe:track switches 9TSA and 9TSB, but
it: i8> to: e understood: that each of the-track
switches in-the track layout under consideration:
may-be:provided with such a. route locking relay
or; suitable. circuit. selections..

It-is also to-beunderstood that this route lock=
ing relay SRLi.may: have embodied in its selec=
tions: suitable: time: release. means: for- the ap-
proach:locking:-as shown -in the above mentioned
priorcapplication, so organized that, if & train is
approaching: the signal when it is cleared;. the
route -locking: is' not: reléased - immediately upon
the restoration of the entrance button 10{NB fo
a:.normal position, but. only- after a . predeter-
mined.time has . elapsed: following such restora-
tion. .

Although the relay 9RL (see:Fig: b). is consid=
ered: to be representative of a. complex: circuit
selection: and. numerous relays. to provideé: route
locking, approach locking, and suitable time. re-
lease for such locking; it is believed sufficient for
an . understanding of ' the: present invention.to
merely know:how stch locking: affects:the ener-
gization of the circuit.for:the. lock relay 9L. It
is;.of course, understeod: that the lock.relay: L
for each of: the remaining track switches of ‘the
track :layout: are: similarly affected by their as-
sociated locking (not shown).

This: summarized effect. on the: Iock: relay. 9L
may be considered in . terms of:energization:and
deenergization of the relay. 9RL, which are brief:.
1y stated as follows:

(@) The relay 9RL is deenergized whenever
its associated. track. switches are included in-a
route governed by: a cleared. signal and remains
deenergized so long as such signal is cleared.

(b) The relay 9RL remains. .deenergized. for a
predetermined time after a.cleared signal, which
governs. a..route: in which the associated track
switches are included,. is returned:to stop.in the
face of an oncoming train, and: picks: up. then
only if the train has not entered the route dur-
ing such predetermined time.

(¢) The relay. 9RL remains deenergized when
its associated switches: are:-included: in.a route
which has a train entering such route in accept-
ance of a. cleared governing signal, although the
governing. signal returns to stop upon the en-
trance of the train into. the route and although
the train has not yet reached the associated de-
tector track: circuit: for its.track switches.

(d): The relay. SRI: is. picked up immediately
upon the passage of:a train beyond the detector
track sections. associated: with its switches pro-
viding . that the governing: signal has been re-
turned. to- stop.

Restoration to normal—Any time after the
operator has established 'a route; as when a train
has. passed ‘the entrance signal and:entered:the
route, or when a.roubte has been set up prema-
turely or: by mistake, the relays-and - circuits for
this route may. be restored: to normal by turn-
ing the corresponding enfrance button- back- to
the normal position. TIn the case of the route
from signal 61 to signal (68 for example, it is
readily apparent that the relay 104G -controlling
the signal (81 to the cléar condition is deener-
gized immediately: upon. the restoration of the
button: i8B to-normal by reason of the opening:
of the contact: 193/in. Fig. 6. -

Also, such restoration of the entrarnce: button
t01NB. causes:the. opening of contact 30 (See-Fig:
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1) which deenergizes each of the pre-selecting
relays Z dependent upon it for energy as well as
the exit relay 108XR (see Fig. 4). The opening
of the contact 44 of relay 108XR deenergizes all
of the switch controlling relays N and R involved
in the route (it being understood that suitable
preceding numerals for the various track
switches are applied to N and R as well as A and
B to designate their use with cross-overs, as re-
quired). Such deenergization of the switch con-
trolling relays N.and R of course causes the de-
energization of their respective switch control-
ling relay WZ, so that upon the unlocking of the
route by the picking up of the route relays RL,
all of the lock relays pick up through their re-
spective pick-up circuits.

- Thus, the  self-selecting network and the
various switech controls and signal selections
associated with this route are all returned to
normal conditions and the operator may again
establish the same route or any other route non-
conflicting or conflicting with the route just de-
scribed because of the restoration of such route
to its normal-at-stop conditions.

- Conflicting route protection.—The operator
may establish a particular route, and uninten-
tionally endeavor to establish a route conflicting
with such route. Such conflicting route is pre-
vented from being established by reason of the
organization of the self-selecting network pro-
vided in accordance with the present invention.

More specifically;, we will assume that the
route from signal {81 to signal {68 (see Figs. 6
and 8) is established, as above described, and
that the cperator endeavors to establish a con-
flicting route from signal 169 to signal 101 by
actuating the entrance button 18SNB (see Fig.
4) in a counterclockwise direction 90° to an
operated position and depressing the exit button
10iXB (see Fig, 1).

The route from signal 10i to signal 188 causes
the energization of relays I10AZ, [88XR, 10AN,
9AN -and 3R (see Figs. 1 and 4).

The actuation of the entrance button IE!QNB
closes contact 120 which applies energy to a
circuit from (4) for preselecting relay 10BZ,
through a circuit including contact 128 in an
operated position, back contact (21 of exit relay
109XR, back contact 122 of relay (iR, back con-
tact 123 of relay 10R, windings of relay (0BZ,
to (—). The picking up of the relay I(0BZ,
when there is no conflicting route, would ordi-
narily continue the circuit from the heel of con-
tact 123 through front contact {24 of relay 10BZ,
back contact 125 of relay 9BN, back contact 251
of relay 8AN, back contact 126 of relay 9AZ,
wire 1274, wire 1271, back contact 1232 of relay
3N, to the right hand terminal of relay I8iXR,
but this circuit can not be closed because the
back contact 251 of relay 9AN is open under the
conditions assumed. Thus, the exit relay I8IXR
cannot be picked up to apply energy to a com-~
pletion circuit network. In a similar manner,
whenever a route is established, initiating cir-
cuits for all conflicting routes are broken at g
back contact of some switch control relay ener-
gized to provide the established route, so that
no conflicting route can be established by oper-
ation of entrance and exit buttons. !
.- Inasmuch as the entrance button 10INB is
operated to set up the route from signal 181 to
signal 188, its normal contact 249 is open, so
that the exit relay 10{XR can not be picked up,
which is a necessary element of the conflicting
route under - consideration. Thus, conflicting
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routes are effectively prevented from being es-
tablished.

However, it will be readily apparent that
parallel’ or non-conflicting routes can be estab-
lished in the usual manner, such as from the
signal 108 to the signal (03, for example (see
Figs. 6 and 8).

Let us consider that the entrance button
109NB (see Fig. 4) is operated followed by the
actuation of the exit button §{63XB (see Fig. 1)
to establish a parallel route. The closure of
contact (28 (see Fig. 4) energizes the relay
{6BZ, as above pointed out, which passes energy
from the heel of contact 123 through front con-
tact 124 of relay 10BZ, back contact 124 of re-
lay 9R, wire 1354, wire 135!, back contact 136
of relay 2R, windings of relay {83XR, back con-
tact 137 of exit button 183XB, contact 138 of
entrance button {03NB in .a normal non-oper-
ated. position, to (—).

As soon as the exit relay {62XR (see Fig. 1)
picks up, its front contact 139 applies negative
potential (—) to its left-hand terminal so that
the exit button 103XB may be immediately re-
leased and the relay [83XR will thereby be main-
tained energized.

The picking up of the exit relay 183XR closes
an energizing circuit for the relay 2BN from
(+), through a circuit including front contact
140 of relay {02XR, lower winding of relay 2BN,
back contact 141 of relay 2R, to (—).

A circuit is also closed for energizing the re-
lay 9BN, from (4, through a circuit including
front contact 148 of relay 103XR, back contact
142 of relay 2R, wire 143!, wire 1434, lower wind-
ing of relay 9BN, back contact 41 of relay 9R,
to (—).

A circuit for relay i6BN extends from wire
1434, through back contact 144 of relay 9R, front
contact {45 of relay 18BZ, lower winding of re-
lay 10BN, back contact 46 of relay I0R, to (—).

A similar circuit is closed for the relay (N
from front contact (45 of relay 10BZ, lower wind-
ing of relay [IN, back contact 146 of relay (IR,
to. (—).

It will of course be apparent from a con51der-
atich of Fig.. 5 that when the relays 9AN and
9BN are both energized for parallel routes, that
no added control is accomplished so far as the
relay 9WZ is concerned, as the front contact
{47 of relay 9BN is in multiple with the front
contact 57 of the relay 9AN, and the back con-
tact T4 can accomplish nothing upon opening
in addition to what has already been accom-
plished by opened contact 75. 'This is true for
each of the track switches for the parallel route.
However, if the route from the signal (81 to
the signal 108 were not established, it is readily
apparent that the relays BN would accomplish
the proper switch controls to establish the paral-
lel route between signals 109 and (03.

It should also be mentioned in this connec-
tion that the control for a single track switch is
the same as the control for a cross-over with
the omission of the second normal relay N, in-
asmuch as the relays AN and BN are in multiple
so far as the control of the relay WZ is concerned.
Thus, the energization of: the relay {iN will
cause the setting up of the normal route over
the track switch 1ITS, while the energization
of the relay IR will cause. the setting up of the
reverse route over the track switch (ITS.

Upon the proper response of all the track
switches between signals 101 and 109, the sig-
nal 109 will be cleared by a circuit closed from
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(1), through a circuit.including front contact
241 (see Fig. 6) of:exit relay [03XR, front con-
tact. 242 - of relay 2NCR, back contact 243-of re-
lay- 2L, wire 2176, wire 2178, front contact. 218
of relay 8NCR, back  contact 2{5 of relay 91,
back contact 244 of relay (8L, front. contact
213 of relay 18NCR, front contact 212 of relay
{INCR, back contact 2{1 of relay IlL, back
contact 219 of relay 108XR, contact 244 of en-
trance button 129NB in an. operated position,
windings of relay [89G, to (—). The picking
up. of the relay 182G changes the indication of
the signal 188 from stop to clear, so that a train
may proceed over the route from the signal {08
to the signal 103.

It will be apparent from the description in
connection with the restoration of: the route
between .signals: {81 and (88 that the route be-
tween. signals 189 -and 103 : may be similarly re-
stored to normal merely. by the return of the
entrance button [08NB, of course- considering
that the release of the: track switehes: in the
route is subject to-the usual route locking con-
ditions above considered-in detail.

Optional route selection.—Upon the consider-
ation of Figs. 6 and 8, it will . be readily apparent
that three are two routes between the signals
102 and 1929 either one of which may be taken
providing there are no conflicting routes estab-
lished. One route is over the track. switches
STSA and 9TSB. in reverse positions with the
track. switches 2TSA and 2TSB in normal posi-
tions, while the other route is over the track
switches 2TSA and 2TSB in reverse positions
with the track switches 9TSA and 3TSB in nor-
mal positions.

It is obvious that only one of these optional
or alternative routes can be established or used
at any one time; and. the system of this inven-
tion-is organized so that, upon actuation of:the
entrance button for the common entrance end
of such -optional routes, the route establishing
means is conditioned or prepared so. that only
one of these optional routes will be established
without race or conflict in the energization of
the relays, when the exit button for the com-
mon exit end . of these optional routes is oper-
ated. Stated more specifically, the actuation of
the entrance button for the common entrance
end of optional routes: energizes pre-selecting
relays Z over initiating circuit paths in-such a
way as to condition the completion circuit net-
work to set up only one of the.optional routes
upon operation of the-exit button for the com-
mon exit-end of these routes.

Considering. the features of this. invention
accomplishing this result, the energized or non-
energized condition of the pre-selecting relay %
associated with each of the switchesin a. trailing
relation to the common entrance end of. op-
tional routes, determines whether that switeh
shall be operated to the normal or reverse posi-
tion respectively; and if a trailed switch. or end
of a crossover is required to be in different posi-
tions for the different alternative routes, it is
pre-selected for operation to. one position. only,
i. e. its pre-selecting relay Z is either energized
or left deenergized, so that the completion cir-
cuit network acts to establish only one of the
alternative routes. Under ordinary conditions,
the switch or end of a crossover required to be
in different positions for: different alternative
routes can be trailed .in the normal position and
its .pre-selecting relay Z is: energized to provide
a. preferred or superior one of the  optional
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routes; but if-thereshould be some route in con-
flict with this- superior: option; the cther in-
ferior option is automatically selected and es~
tablished, because the switch in question cannot
be trailed in the normal position-and its pre-
selecting relay Z is deenergized. In-:this con-
nection, as previously explained; a pre-selecting
relay Z can be energized by the initiating circuit
network only if a path for train movement from
the entrance signal location to-and over the cor=
responding switch in its normal position is not
in conflict with some established route. Conse-
quently, when the conflict with the superior op~
tional route exists, some pre-selecting - relay
acting when energized - to provide that su-
perior optional route cannot: be- energized on
account of the conflict; and-the-completion cir-
cuit network acts' to build up another optional
route over a corresponding switch: or crossover
in the reverse position. In-other words, the
automatic selection: between- optional routes- in
a predetermined order of preference  and: de-
pendent upon the availability -of these respective
optional routes, is accomplished by the way in
which the pre-selecting relays are controlled
over the initiating circuit network:

It may be noted here that this scheme of op-
tional route selection gives different superior
optional routes for: opposite: directions of train
movement. For- example, the route over the
track switches 9TSA and 9TSB'in reverse posi-
tions will be automatically established upon the
actuation of the entrance button-108NB followed
by the actuation of: the:exit button 102XB, while
the actuation of: the entrance button {02NB
followed by the actuation of the exit button
{09XB causes-the second optional route to- be
set- up over the. switchies 2TSA and 2TSB .in re-
verse positions:..

Considering this operation in. detail for the
optional routes for train. movement from: right
to left from signal 189 to- signal: i02; upon- the
operation of the entrance buttonr 109NB, the
preselecting relay (0BZ is: picked up, as above
described, which  transfers energy- to pick. up
the relay 2AZ from the heel of contact. 123;
through front contact 124 of relay (0BZ, back
contact 125 of relay 9BN, back confact 251 of
relay 9AN, back contact 126 of relay 9AZ,; wire
1274, wire 1271, back contact (28 of relay 3R;
back contact 129 of relay 2R, windings of: re=-
lay 2AZ, to (—~). Upon the actuation of the
exit button 102XB, energy is applied to the pick=
up circuit for relay 1862XR from the heel of con-
tact 129, through front contact {30:of relay 2AZ;
windings of relay [02XR, back contact (48 of
exit button [02XB, contact 131 of entrance but-
ton 102NB in a non-operated position, to (—).
Upon the picking up of the relay [82XR; nega-
tive potential (—) is applied through front con-
tact 149 to the left-hand terminal of the relay
102XR, so that the exit button (82XB may: be
immediately released and relay (82XR will re-
main energized.

The picking up of the relay 162XR causes the
energization of the switch control relay 2AN by
a circuit closed from (4); through a circuit in-
cluding front contact 150 of relay 1802XR, front
contact 151 of relay 2AZ, lower winding: of re-
lay 2AN, back contact 141-of relay 2R, to (—):

A circuit is also closed for energizing: the re-
lay 3N from (4), through' a- circuit including
front contact 150 of relay (02XR, front contact
151 of relay 2AZ, lower winding of relay. 3N, back
contact: 152 of relay-3R; tor (—):
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- The relay -9R .has a circuil closed from (+),
through a circuit including front contact {50
of relay 102XR, front contact 151 of relay 2AZ,
back contact (53 of relay 3R, wire 154!, wire
§544, back contact §55 of the relay SAZ, lower
winding of the relay 9R, back contact 156 of
relay 8AN, back contact 5T of relay 89BN, to
(). ‘

Upon the picking up of the relay §R a circuit
is closed for the relay (60BN from back contact
155 of relay 9AZ through front contact {44 of
relay 9R, front contact 145 of relay 10BZ, lower
winding of relay I8BN, back contact 46 of relay
18R, to (—).

The relay [{N is also energized in multiple
with the relay (6BN from the front contact (45
of relay 19BZ, lower winding of realy IiN, back
contact {46 of relay (IR, to (—). It will thus
be seen that the self-selecting network causes
the relays 2AN and 9R to be picked.up, so that
the superior optional route is determined as the
router over the track switches 9TSA and §TSB
in reverse positions. C

The relays 2AN, 3N, SR, {6BN, and {iN cause
the proper energization of their respective relays
WZ so as to position the track switches for the
establishment of the route. After the response
of the track switches and the energization of
the proper correspondence relays, the respec-
tive lock relays L drop away causing the clear-
ing of the signal {88 by the energization of the
signal control relay (09G.

This circuit for energizing relay {89G is closed
from (4), through a circuit including front
contact 94 (see Fig. 6) of relay 102XR, back
contact 83 of relay 2L, front contact 92 of relay
2NCR, front contact 91 of relay 3NCR, back
contact 990 of relay 3L, wire 896, wire 898, back
contact 88 of relay 9L, back contact 87 of relay
SNCR, front contact 245 of relay 9RCR, back
contact 218 of relay SNCR, back contact 215 of
relay 9L, back contact 214 of relay 8L, front
contact 243 of relay IONCR, front contact 2(2
of relay {{NCR, back contact 21! of relay iiL,
back contact 219 of relay [(08XR, contact 244
of entrance button 109NB in an operated posi-
tion, windings of relay {88G, to (—).

The energization of the relay 189G causes the
signal 199 to be cleared. It is of course under-
stood that this route may be restored to normal
in. a similar manner pointed out for the other
routes, that is, merely by the restoration of the
entrance button I89NB to its normal position.

It may be well to point out the reason for the
establishment of the route over the track
switches §TSA and 9TSB in reverse positions as
determined by the selective energization of the
preselecting relays Z. It was previously pointed
out that the operation of an entrance button
supplies energy to the initiating circuits for a par-
ticular direction for energizing the preselecting
relays Z for all the trailed track switches required
to be in normal positions for all of the routes
emanating from the signal for which the en-
trance button is operated. Applying this rule
or plan of energization of pre-selecting relays
Z to the optional route situation under consider-
ation, operation of the enfrance button I0SNB
closes its contact 120 in Fig. 4 and supplies an
operating potential fo a feed point of the initiat-
ing circuit network for train movement from
right to left, and causes energization of the pre-
selecting relays 10BZ and 2AZ, since the lower
end of the crossover 10 and the upper end of
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the normial position from the entrance signal 199
in the various routes originating at that signal
location. In this connection, it will be noted
that the switch i, switch 9TSB for the lower
end of the crossover 9, switch 3, and switch
2TSB for the lower end of the crossover 2 are all
disposed in a facing point relation to the signal
i89 in the various routes originating at that
signal location, and hence the pre-selecting re-
lays Z for these switches are not controlled.
The switch 8TSA for the upper end of the cross-
over 9 is in a trailing relation to the signal 109,
but is trailed in a reverse position, so that its
preselecting relay 9AZ is not energized.

Thus, upon the actuation of the exit button
i02XB, the completion circuit network thus
energized for positioning the switch control re-
lays finds the relay 2AZ picked up which de-
termines that the relay 2AN shall be energized.
Also, the relay 9R is energized because of the
dropped away condition of relay 9AZ. In other
words, the application of the rule for the con-
ditioning of the pre-selecting relays Z provides,
that, in the case of optional routes emanating
from a particular entrance point the first
diverging route shall be the superior route hav-
ing the preference.

It will be noted that both of the optional
routes include the track switch 2TSA. One
trails the switch reverse, and the other trails
it normal. As the latter route requires ener--
gization of its relay 2AZ, it is obvious that such
route will be the superior route. Thus, posi-
tively acting conditions inherently give the de-
sired predetermined selection; of the optional
routes.

However, the superior route at times gives
way to the inferior route when such superior
route is in conflict with a route already set up,
which condition will now be discussed in detail.

In the event that a route is established between
the signals (01 and 108 at the time of the oper-
ation of the entrance button {3NB and the
exit button {82XB, the inferior route will be
automatically established over the cross-over in-
cluding track switches 2TSA and 2TSB in re-
verse positions, as the track switch §TSA is al-
ready included in an established route.

Assuming that the route between the signals
i0f and 108 is set up, as above described, then
the relays 18AZ, (8AN, SAN and 3R of the self-
selecting network are picked up. Then upon
the actuation of the entrance button {85NB (see
Fig. 4) to an operated position, the relay {0BZ
is picked up over a circuit previously pointed
out, which in turn endeavors to pick up the
relay 2AZ, but this is prevented at back contact
251 of relay 9AN which is picked up for the
route between signals 101 and 108.

The actuation of the exit button 102XB (see
Fig. 1) then causes the exit relay 102XR to be
picked up over a circuit closed from (4),
through a circuit including lever contact 120 of
entrance button {8SNB in an operated position,
back contact {21 of relay 108XR, back contact
122 of relay IR, back contact 123 of relay (0R,
front contact (24 of relay i0BZ, back contact
134 of relay 9R, wire §35¢, wire 1351, back con-
tact 158 of relay 2BN, back contact 252 of relay
2AN, back contact 138 of relay 2AZ, windings of
relay t02XR, back contact i148 of exit button
102XB, lever contact 131 of entrance button
f{92NB in a non-operated position, to (—). As
soon as the contacts of relay 102XR pick up,
front contact {49 connects negative potential
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(=) to the left-hand terminal of the relay so
that the exit button (02XB may be immediately
released and relay 182XR will remain energized.

The picking up of the exit relay (82XR, closes
a circuit for energizing the reverse switch con-
. trol relay 2R from (4), through a circuit in-
cluding front contact 138 of relay 102XR, back
contact 151 of relay 2AZ, lower winding of relay
2R, back contact 159 of relay 2AN, back contact
i60 of relay 2BN, to (—).

‘When the relay ZR responds, a pick-up circuit
is closed for the switch control relay 8BN from
(4), through a circuit including front contact
159 of exit relay 102XR, back contact {81 of re-
lay 2AZ, front contact 142 of relay 2R, wire
1431, wire 1434, lower winding of relay BN, back
contact 47 of relay 9R, to (—). .

A circuit is also closed for the switch control
relay 10BN from (<), through a circuit includ-
ing front contact 158 of relay I02XR, back con-
tact 151 of relay 2AZ, front contact 142 of relay
2R, wire 143, wire 1434, back contact {44 of relay
SR, front contact 145 of relay 18BZ, lower wind-
ing of relay 18BN, back contact 46 of relay
16R, to (—).

The relay [N is energized in multiple with the
relay {9BN from front contact 145 of relay (0BZ,
through the lower winding of relay I, back
contact 146 of relay IR, to (—).

Thus, it will be seen that the prevention of
the picking up of the relay 2AZ by the ener-
gized condition of the switch control relay 9AN,
causes the relay 2R to be picked up together
with the picking up of the relay 9BN so as to
establish the inferior optional route. The re-
maining features .of the -establishment of this
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route are similar to those pointed cut in con- -

necticn with other routes, and will therefore
not be considered in detail in order to simplify
the disclosure. : .

Manual selection of optional routes

It may happen under some circumstances that
it will be desirable to set up the inferior optional
route although a route is not established be-
tween the signals 18f and 108, as in the situa-
tion where the operator desires to set up, the
inferior optional route in anticipation of the
setting up a route between the signals 18f and
128. .

This may be accomplished by either of two
manual acts on the part of the operator, that
is, either the operation of the auxiliary switch
machine control lever 28SML (not shown) to a

reverse controlling position, or the operation of ;

the auxiliary switch machine control lever 8SML
to a ncrmal controlling positicn. The manner
in which an emergency switch machine control
lever SML energizes either the normal switch
control relays N or the reverse switch control
relay R has been specifically shown in Fig. b
with respect to the emergency switch machine
control lever 9SML for the crossover inecluding
the track switches 8TSA and 9TSB. 1t is to
be understood that each of the frack switches
is similarly provided with an auxiliary control
lever,

More specifically, this may be seen with ref-
erence to Fig. 5 where the actuation- of the
lever §SML to a reverse position energizes the
relay SR by a circuit closed from (4), throush
lever contact {81 in a reverse position, center
winding of relay 9R, back contact 14 of relay
89BN, back contact 75 of relay 9AN, to (—).

Cn the other hand, the operation of the lever
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9SML to a normal position closes a circuit for
energizing the relays AN and $BN in multiple
from (4), through a circuit including lever
contact. 161 in a normal operated position, cen-
tral windings of relays SAN and $BN in multiple,
back contact Tt of relay SR, to (—).

In a similar manner, the operation of the
lever 2SML (not shown) controls the energiza-
tion of is associated relays 2AN, 2R and 2BN.
For the manual selection of the inferior optional
route under consideration, we may first assume
that the lever 2SML (not shown) has been op-
erated to its reverse position in which the relay
2R (see Fig. 1) is picked up in the same manner
as ‘pointed out for the relay SR in connection
with the discussion of Fig. 5.

The energization of the relay £R, opens the
pick-up circuit of the relay 2AZ at back con-
tact 123 (see. Fig. 1) which accomplishes the
same result as the opening of back contacts 128
and 251 of relays 3R and 9AN respectively when
a conflicting route is set up, so that upon the
actuation of the entrance button {0SNB and
the exit- button {02XB, for example, the inferior
optional route is set up in a similar manner as
above pointed out. Or, in the case where the
switch machine control lever 9SML is operated
to a normal position, the relays 9AN and 9BN
are both picked up. The opening of back con-
tact 125 of relay 9BN similarly prevents the
relay 2AZ from being picked up under the con-
ditions of the optional route control, so that
the inferior optional route is selected in a simi-
lar manner as pointed out in connection with
the establishmént of the inferior route because
of the presence of a route conflicting with the
superior optional route. . .

‘Thus, it will be évident, from the above descrip
tion that the optional route control is primarily
automatic, but may be made subject to manual
intervention when desired by the operator.

* The same principles and mode of operation for

automatic selection between opticnal routes may
be applied to any track layout, regardless of
the number of alternative routes between this
same entrance and exit signal location, in a
manner readily appreciated upon analysis of the
method of selecting optional routes by the ener-
gization of pre-selecting relays dependent upon
availability of a path for train movement to and
over the corresponding switch in the normal po-
sitions.

Operation of plurality of interlocked groups.—
The above description points out the operation
for a single interlocked group, which operation
for any single interlocked group among a plu-
rality of interlocked groups remains the same,
but it is necessary to consider the manner in
which a plurality of interlocked groups are re-
lated with each other.

In order to do this, Figs. 6, T and 8 are placed
end to end to show the actual track layout in
the field for such a plurality of interlocked
groups together with the signal selecting circuits;
while Figs. 1, 2, 3 and 4 are placed end to6 end to
show the corresponding miniature track diagram
together with the circuits of the self-selecting
network. As pointed out ahove, Fig. 5 shows a
switch control typical of all track switches and
cross overs irrespective of whether they are in-
cluded in a layout for a single interlocked group
or for a plurality of interlocked groups.

As above mentioned, this system of interlock-
ing is contemplated as having any suitable typé
of route locking employed therewith but has more
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particularly contemplated ‘the -use .of approach
Jocking, route locking .and rear release locking
as .shown :in the prior patent ‘to C. F. Stoliz,
Patent No. 2,115,511, dated April 26, 1938. The
.details of this type of locking "has :not been
shown in connection with, the :various track
:switch controls and .gighals‘in.order ‘to simplify
-the disclosure -of the :present :invention.
‘However, in.associating two interlocked groups
iwith each other, ‘it becomes :desirable ‘to :employ
.certain features of this contemplated ‘type of
route locking in order to provide-certain features
-of automatic.control in connection with the -end-
to-end .operation .of .the present invention.

Therefore, the directional stick relays 1+5ES :and :

I6WS and {TWS have been:shown in block form,
it being believed that a brief description of ‘the
-operation of these relays will be sufficient for an
understanding -of their relation to the present
invention, ‘the detail contrel of which may be
thad by reference to the above mentioned prior
:application.

‘Each track circuit is provided with two relays
ane for each direction, .such .as a relay ES -for

:east-bound :directional control and .a relay WS .o:

for -west-bound directional .control. /{ "When a
route is established -in an .east-bound direction,
ithe.directional control relays ‘ES for:gll:‘the track
circuits {in such route :are sequentially dropped
Jbeginning -at the entrance -end, :each ‘dependent
upen -the ‘preceding relay and :cannot -be picked
ap when g train enters that route even though
the route is restored to stop until-gfter the train
passes beyond ‘each such track cireuit with which
each such :relay is associated.
establishment of an east-bound route, ‘the west-
bound relays WS remain picked up.

Fach of ‘these directional -stick relays includes
in its picksup circuit:a front.centact.of the track
relay for ‘the track :circuit’ with which it is -as-
sociated and o front contact :of ‘the directional
‘stick relay for the same direction associated with
‘the-preceding track circuif for the route in which
4t is -then associated, or a frent contact, .in the
case of the first :track cireuit in the route, of the
route Jlocking stick relay for the associated
governing signal. A front stick .contact on-each
of these relays WS and ES shunts the front con-
tact of its associated track relay ineluded -in its
pick-up circuit.

Establishing routes individually in end-to-end
relation.—Although the self-selecting networks
for each of -the plurality of groups operate the
same -as above described for the single inter-

locked group, it is thought expedient to point j;

out the manner in which -individual groups may
be individually operated before pointing out how
the:same result may be.accomplished by the end-
to-end, or through route, eperating feature of
the present invention. ’

Let us consider that the -operator .desires to
establish a-route from-the signal 101 to the signal
106 (see Figs.:6, 7 and 8). 'To.do this, he turns
the -entrance button {GINB (sece Fig. 1) in a
clogkwise direction to an operated position after
which he operates the exit button 44 IXB (see
Pig.:2).

The operation -6f the entrance obutton #HINB
closes :an energizing circuit for the pre-selecting
relay BAZ from (4-), through a circuit including
lever contact 30 in -an operated position, back
contact 31 of relay 184XR, back .contact 32 of
relay 37, wire 231, wire 882, back -contact 182 of
relay 4R, back contact 163 .of relay §R, windings
of -relay 5AZ, to (—).

‘During such an ;
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A -circuit is closed for energizing the pre-
selecting relays 6Z from (4), through a circuit
including lever contact 30 in an operated posi-
‘tion, ‘back contact 31 of relay 18iXR, back.con-
tact 32 of relay 37, wire 38!, wire 332, back con~
tact 164 of relay 4AN, back contact 253 of relay
4BN, back contact 185 of relay 4BZ, back contact
166 -of relay 5R, :back contact i87 of relay 4R,
‘windings-of relay €2, to (—).

As soon as the relay €Z picks up,.a circuit is
.completed for ‘the exit relay 1{I{XR upon the
actuation of the exit button 111XB, from ‘the
heel of contact i1, through front contact 168 of
relay 62, windings of relay (11XR, back contact
169 of -exit button {1iXB, lever -contact 170 of
entrance button 1{1NB in a non-operated posi-
tion, to (—). Upon the picking up :of the con-
tacts of the relay [11XR, front contact [Tl ap-
‘plies negative potential (—) to the right-hand
terminal of relay HIXR so that the exit button
ILIIXB may be immediately released.

The picking up -of the contacts of the relay
1IIXR closes an -energizing circuit for the relay
6N from (-4-), through a circuit including front
contact 172 of relay 111XR, front contact 173 of
relay 6Z, upper -winding of relay €N, back contact
114 of relay 6R, to (—).

Relay 5BN is energized in multiple with the
relay 8N from front contact 173, through upper
winding of relay 5BN, back contact 175 of relay
BR,to (—).

A circuit is closed for energizing the relay 4R
from .(4),°‘through a circuit including front con-
tact 172 of relay { i 1{XR, front contact 173 of re-
lay 6Z, back contact 176 of relay SR, back con-
tact 117 of relay 4BZ, upper ‘winding of relay 4R,
back contact 18 of relay 4AN, back contact 119
of relay 4BN, to (—).

Upon the picking up of the relay 4R, a circuit
is closed for energizing the relay 3R from back
contact 117, through front contact 188 of relay
4R, wire 892, wire 491, back contact 50 of relay
37, upper winding of relay 3R, back contact 5l
of relay 3N, to (—).

This completes the operation of the self-se-
lecting network, and the track switches are con-
trolled as previously described. After all of the
track switches included in the route have prop-
erly responded, the signal 101G is energized by
a circuit (see PFigs. 6, 7 and 8) closed from (+4),
through a circuit including front contact 181 of
exit relay 11iXR, back contact 182 of relay 6L,
front contact 183 of relay 6NCR, front contact
188 of relay 5NCR, back contact [85 of relay
5L, back contact 186 of relay 4L, back contact
181 of relay ANCR, front contact 188 of relay
ARCR, back contact 189 of relay &4NCR, back
contact 180 of relay 4L, wire 897, wire 866, back
contact 90 of relay 3L, back contact 91 of relay
2NCR, front contact 191 of relay 3RCR, back
contact 192 of relay 104XR, lever contact 183 of
entrance button I8INB in an operated position,
winding of relay 121G, to (—).

The energization of this relay 101G causes the
signal {01 to be cleared for the passage of traffic.
The route from signal (81 to signal {106 is thus
established and is subject to route locking and
other conditions pointed out -for a route in con-
nection with Figs. 1 -and 4.

It may be that the operator desires to con-
finue the passage of a train from the signal 108
(see Fig. 7) to the signal 109 (see Fig. 8) in
which event he operates the entrance button
106NB (see Fig. 3) in a clockwise direction to
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an operated position and then actuates the exit
button 109XB (see Fig. 4).

This causes the energization of the preselect-
ing relay TBZ by a circuit closed from (4),
through a circuit including lever contact 94 in
an operated position, back contact 195 of relay
106XR, back contact 186 of relay TR, windings
of relay TBZ, to (—).

As soon as the relay TBZ picks up, energy is
passed on to energize the relay 9BZ from the
heel of contact 196, through front contact 197
of relay TBZ, wire 553, wire 55%, back contact 56
of relay 9R, windings of relay $BZ, to (—).

When the relay 9BZ picks up, energy is passed
on to pick up the relay 11z from back contact
56 through front contact 37 of relay 9BZ, back
contact 38 of relay I0R, back contact 29 of
relay tIR, windings of relay 1{Z, to (=).

When the relay {1Z picks up, energy is passed
on for the picking up of the exit relay I109XR,
upon the actuation of the exit button (09X®B.
This circuit is closed from the heel of contact 39
through front contact 198, windings of relay
109XR, back contact 199 of exit button 109XB,
lever contact 208 of entrance button 189NB in
a non-operated position, to (—). As soon as the
exit relay picks up its contacts, its front contact
201 applies negative potential (—) to the right-
hand terminal of the relay I89XR so that the
exit button 109XB may be immediately released.

The picking up of the exit relay 109XR closes
an energizing circuit for the relay IIN from
(+), through a circuit including front contact
202 of relay {09XR, front contact 203 of relay
{Z, upper winding of relay IIN, back contact
148 of relay IR, to (—). .

The relay 10BN is picked up. in multiple with
the relay 1IN from front contact 203 through
upper winding of relay 19BN, back contact 46
of relay 18R, to (=).

Relay 9BN is energized by a circuit closed
from (4), through a circuit including front con-
tact 262 of relay 109XR, front contact 203 of
relay HZ, back contact 204 of relay. I0R, front
contact 285 of relay 9 BZ, upper winding of relay
8BN, back contact 47 of relay 9R, to (—).

An energizing circuit is closed for the relay
7BN from (), through a circuit including front
contact 202 of relay 109XR, front contact 203 of
relay {1Z, back contact 204 of relay 1OR, front
contact 205 of relay 9BZ, wire 2984, wire 2083,
front contact 207 of relay 1BZ, upper winding of
relay TBN, back contact 208 of relay TR, to (—).

The picking up of these switch control relays
causes the aligning of the track switches fo
proper positions to establish the route in a man-
ner similar to that described for the establish-
ment of other routes. The signal relay 106G is
energized by a circuit closed from (+), through
a circuit including front contact 2!0 of relay
{09XR (see Fig. 8), back contact 2i1 of relay
itL, front contact 212 of relay !INCR, front
contact 213 of relay I10NCR, back contact 214 of
relay 101, back countact 2i5 of relay 9L, front
contact 218 of relay 9NCR. wire 2118, wire 2177,
back contact 218 of relay 7L. front contact 219
of relay TNCR, back contact 228 of relay 196XR,
lever contact 221 of entrance button {88NB in
an operated position, windings of relay (886G, to
(—). The clearing. of the signal 186 upon the
energization of the relay (858G allows the passage
of the'train on through such route past the signal
169 up to the next signal in advance for gov-
erning east-bound traffic or to some arbitrarily
chosen point designating the end of such route.
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“As pointed out above, the relay 8AZ is picked
up upon the operation of the entrance button
10INB for the establishment of the route through
the interlocked group of Figs. 1 and 2. This
causes the application of energy through front
contact 222 to the wire 2232 extending to certain
of the preselecting relays Z in the succeeding
interlocked groups, as will be pointed out in
detail below under the consideration of the es-
tablishment of a through route by end-to-end
operation. It is desired to point out, however,
that the establishment of the route upon the
actuation of the exit button {11XB causes the
deenergization of the relay BAZ upon the pick-
ing up of the relay 4R by reason of open back
contact 162, so that any energization of pre-
selecting relays in the next interlocked group ef-
fected by flow of current over the through route
connection or wire 223 will be cancelled and not
interfere with the setting up of any desired route
in such next interlocked group.

It will be observed that there is a circuit from
the wire 332 through back contact 164 of relay
4AN, back contact 253 of relay 4BN, back con-
tact 185 of relay 4BZ, back contact 246 of relay
8BN, back contact 350 of relay 5AN, back con-
tact 222 of relay BAZ, to wire 2232, but, although
the relay. 8AZ is dropped away, this connection
between the wires 332 and 2232 is not closed at
this time because of the open back contact 248
of relay BN which is energized for the estab-
lishment of the route above pointed out. This
connection between the wires 332 and 2232 is
for the purpose of establishing the run-around
routes as will be later desecribed in detail. It
may be pointed out here that the purpcse of this
operation described is to open the through con-
nection at the signal {11, so that any energiza-
ion of pre-selecting relays in the next interlocked
group eifected by the flow of current through
route connecting wire 223 will be cancelled, and
cannot -interfere with setting up any desired
route in this interlocked group by the operation
of appropriate entrance and exit buttons.

It may also be pointed out in this connection
that the supply of energy to the left hand ter-
minal of the exit relay i | {XR is passed on through
back contact 228 of relay f i i XR over through route
connecting wire 229 which causestheenergization
of - certain - of the preselecting relays Z of the
succeeding interlocked groups, but upon the ac-
tuation of the exit button 1{{XB, the relay
f1iXR picks up and deenergizes all succeeding
preseleciting relays, so as not to interfere with
the setting up of routes in the succeeding inter-
Iccked groups.

In order to return these routes to stop in the
two interlocked groups, each route must be re-
turned to stop by the operation of its respective
entrance button to the normal non-operated po-
sition causing the restoration of the system to
noermal conditions as shown. This restoration of
the route to stop in each interlocked group is
whollyindependent of the restoration of the
other route so that either or both of these routes
may be restored to stop as desired by the oper-
ator. :

End-to~end or through route operation.—Hav-
ing considered how a train may be passed through
a plurality of interlocked groups by setting up
routes in end-to-end relation by an entrance-exit
control for the individual interiocked groups, con~
sideration will now be given to an important op-
eration of this invention, in which a through
route over two or more adjoining interlocked
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groups, and’ comprising in: effect routes: through
thege interloecked groubps it end-to-end relation,
¢an’ be automatically established merely by the
operation of the entranice and exit buttons for
the extreme ends of this through foute.

For this through route operation the initiating
cireuit nebworks of adjoiting interlocked groups
at signal Tocations, which may become: an inter-
mediate signal location in some desired through
Toute; are interconmected by what may be termed
through route connections, so that upon actu-
ation of an entrance button the pre-selection op~
eration characteristic of this invention'is effective
for all' interlocked groups with respect to all
through routes originating at the correspondin
entrance “signal location. In other words, the
oberation of an: entrance: button conditions the
route establishing means to provide any route
through the same interlocked group and also
through routes over one or more succeeding in-
terlocked groups, thereby- preparing the system
to act. automatically to establish any one of these
routes” or through routes that the operator may
happen to choose by operating a -eorresponding
exit-button.

"Fo illustrate how the pre-selection operation
is- extended by through route connections to a
plurality of interlocked groups, and referring to
Figs. 1, 2,73 and 4 arranged end-to-end, assume
that the operator proposed to establish-a through
route from sighal 101 to the signal {89 and actu-
atés the entrance button 10INB.

The operation of the entrance button (DINB
énergizes the relay -BAZ over a circuit above
pointed out, which relay as soon as it picks up
passes' such energization: on to the relay 8Z by
a-circuit closed from the heel of contact 163 of
relay SR, front contact 222 of relay BAZ, wire
223%; wire 2283, back contact 224 of relay 110XR,
back. contact 225 of relay TR back contact 226
of relay 8R, windings of relay 8Z, to (—).

As soon as the relay 8Z picks up .energy is
passed-on from the heel of contact 226, through
front contact 22T of relay 8Z, wire 333, wire 33¢,
back contact: 34 of relay 9R, back contact 35 of
relay I10R, windings of relay {8AZ, to ().

It mdy be pointed out here that this energi-
zatien ‘of the relay 18AZ and the closing of its
contact 40 supplies an operating potential to the
exit relay 188XR, making it possible for the op-
erator to energize this relay if he wishes a
through route to the signal 108.

A circuit is also closed for the relay 6Z from
(4), through a circuit including lever contact
30 in an operated position, back contact 31 of
relay 161XR, back contact 32 of relay 3Z, wire
331, wire 832, back contact 164 of relay 4AN, back
contact 233 of relay 4BN, back contact 165 of
relay 4BZ, baek contact 166 of relay 5R, back
contact 187 of relay 6R, windings of relays €Z,
to (=).

As soon as the relay 6Z picks up, energy is
passed on'-from the heel of contact (671 through
front -contact 168 of relay 6Z, back contact 228
of relay 1iIXR, wire 2292, wire 2283, front con-
tact 239 of relay I5ES, lever contact 194 of en-
trance button I06NEB in a non-operated position,
back contact 195 of relay 1086XR, back contact
198 of relay TR, windings of relay 1BZ, to (—).

As soon as the relay 1BZ picks up, energy is
passed from the heel of contact 196, through
front contact 197 of relay 1BZ, wire 553, wire
55¢, back contact 56 of relay 9R, windings of re-
lay 9BZ, to (=),

As .soon as: the relay 9BZ picks up, energy is
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passed on: from: back point-of contact 58, through
front contact 37 of relay 9BZ, back contact 38
of relay {OR, back contact 39 of rela,y iR, wind-
ingsof relay 14Z, to (—).

As soon' as the relay (1Z picks up and closes
its’ front contact 198, an operating potential is
supplied to the exit relay 109XR, so that it may
be energized when the exit button' 199XB is-op-
erated by the operator for the through route in
question..

‘In’ this way, certain pre-selecting. reldays are
energized.in' both of the interlocked groups for
all of the swifches or ends of crossovers trailed
in the normal position in any route originating
at the entrance sigiial location 101. Upon ref-
erence to the. track diagram, such- switches
trailed in the normal positioh may be readily
identifiéd as the upper end of crossover' 5, switch
6, lower end of crossover T, switch:8, lower end
of crossover 9, upper end of crdssover 19 and
switch: 11; and “the circuits above traced show
hovw the initiating cirecuit networks' for the two
adjoining intérlocked groups with the through
route connecting wires 223 and 229 prévide for
the energization of the preselecting relays SAZ,
§Z, 1BZ, 87, 9BZ, 18AZ and ii1Z corresponding to
these switches and €nds of crossovers trailed
normal;

Iu czm‘ be reaai’y seen that ﬁhefe are a num-
the mg‘nal Hll past the mtefmedlate ‘signals’ HO
or 106 to the signal 188, as well as optional routes
in the interlocked group of Figs. 3 and: 4 between
the location of 'signal 410 and the signal (09

 afforded by the crossovers T and 9. In short, the

track layout illustrated provides a plurslity of
alterndtive through reutés between the signals
{84 and €9, such as over crossdvers 4,7 and 9,
respectively, in the Teéverse pogition; and gener-~
ally speaking, conventional. frack layouts afford-
ing through routes over a plurality of interlocked
groups usually have & plurality of alternative or
optional through' routes between the same com-
ron ‘entrance and exit signal Iocations.

It is evident that only one of these various
possible through routes  shiould be established
upon actuation of the buttons to désighate the
cdmmon eritrance and exit ends of these routes;
and dn important feature of this invention is
tliat such optional through routes are autoriati~
cally selected cne at a time in a Predetermined
order or preference, and dependent upon con-
flict of the respective alternative through routes
with éstablished through routes.

In explaining how this result is accomphshed
it may be considered that the preselection oper-
ation performed by the energization of initiating
circuit paths upon actuation of an enfrance but-
ton is effective for the adjoining interlocked
groups, on account of the through route connec-
tions afforded by wires 223 and 229, with respect
to the complete track layout of these adjoining
interlocked groups, in the same way.as if there

. were no infermediate signal locations, and  the

two interlocked groups in effect are one inter-
locked group. As previously .explained with re-
spect to one interlocked group, there is an auto-
matic selection of the optional. routes aiforded

¢ by that group; and when the same principles and

mode of operation are applied to a plurality of .
adjoining interlocked - groups, there is an<auto-
matic selection between the alternative routes in
the same way, leaving only one through route es-

" tabiishable by the operation of the completion
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eircuit network between entrance and exit signal
locations of different interlocked groups.

Considering the through route from the signal
i81 to signal 188 under consideration from this
standpoint, the particular pre-selecting relays
energized as above explained cause the comple-
tion circuit networks of the adjoining interlocked
groups to act to build up one predetermined route
between these signal locations. In other words,
upon operation of the exit button 169XB, the
completion circuit network for the remote inter-
locked group acts in accordance with the pre-se-
lection to provide a route to a particular one of
the intermediate signal locations, and then the
completion circuit network of the near inter-
locked group acts to provide a particular route
between that particular entrance signal location
and the entrance signal 181; and during this
completion operation, the energization of switch
control relays opens contacts in the initiating cir-
cuit paths then energized at the points of con-
flict between these particular routes established
in the interlocked groups and all othér routes
through these interlocked groups originating at
the same entrance signal 181, in a manner previ-
ously discussed.

Considering now the completion operation for
the particular route from signal 81 to signal
189 in question, when the relay 189XR picks up,
it closes its front contact 281 to apply negative
potential (—) to the right hand terminal of its
windings so that the exit button 109XB may be
immediately released.

The picking up of relay {88XR closes a circuit

for energizing the relay {IN through its upper -

winding as above pointed out. 'The relay (0BN
also receives energy in multiple with the erergi-
zation of the relay (iN, as above pointed out.
Energy is passed on through the back contact
204 of relay 18R and front contact 205 to ener-
gize the relay 9BN, as above pointed out in con-
nection with the establishment of the route from
signal 166 to signal 109. Energy then passes
from front contact 205 over wire 2064, wire 2083
and front contact 207 of relay 1BZ to energize
the relay TBN, as above pointed out. .

Energy also passes from front contact 287
through windings of relay {06NXI11{, lever con-
tact 231 of entrance button (66NB in a non-op-
erated position, front contact 232 of relay I5ES,
wire 2333, wire 28382, back contact {71 of relay
{IXR, to (—). The energy which flows in this
circuit causes the relay 106NXIil to be picked
up closing its front contact 234 to apply negative
potential (—) to the right hand terminal of its
windings through lever contact 231.

The picking up of the relay 106NXi(l causes
the automatic picking up of the exit relay 1{IXR
without the operation of exit button {1IXB by
applying negative potential from (—), through
front contact 351, front contact 2386 of relay I5ES,
wire 2313, wire 2372 to the right hand terminal
of the windings of the exit relay 1I1iXR. Posi-
tive potential () is applied to the left hand ter-
minals of this relay 1 IXR over the self-select-
ing network with the relay 6Z picked up, as above
pointed out so that the relay (1 {XR picks up and
closes its front contact 171 to directly apply neg-
ative potential (—) to its left hand terminal. In
other words, the picking up of the relay 06NXI11
in effect takes the place of the actuation of the
exit button |{1XB and the closure of back con-
tact §69 acts to pick up the exit relay {{IXR.

It may be noted here that the relay (06NXI1}
is energized for through route operation only, and
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cannot pick up when the entrance button 108NB
is operated to open its contact 231, otherwise the
energization of relay {06NX{(0 would close its
contact 351 and connect the exit relay 11IXR of
the adjoining interlocked group to (—) inde-
pendently of the exit button |1XB and interfere
with operation of the route establiching means
of this adjoining interlocked group.

Concerning this relay 186NXi{{, it may be
pointed out here that, in connection with the op-
eration of establishing through routes over suc-
cessive interlocked groups & relay conveniently
termed o through route relay, is provided for each
signal location which may become an intermedi-
ate signal location in some through route. The
purpose of this through route relay is to close
contacts which perform the same functions in the
control of the circuit networks as if the corre-
sponding entrance and exit buttons had been ac-
tuated. The relay [06NXII{ of Fig. 3 is such
a through route relay for the signal locations 16§
and (I, the designation {08NXIi({ being given
because this relay performs the function of an
entrance button for signal location (65 and an
exit button for signal location (11, the contacts
351 and 248, respectively, of this relay performing
the same functions as the closure of the contact
189 of the exit button {{1XB and contact {84 of
entrance button {86NB.

The picking up of the exit relay {1{XR closes
front contact 172 and thereby energizes the re-
lays 6N, 5BN, 4R, 3R and 3N as above pointed
out in connection with the establishment of the
route from the signal 181 to the signal 185 for
the individual group.

The relays WZ for the respective track switches
respond to their respective switch control relays
N and R as pointed out in connection with Fig. 5.
After the response of the track switches to their
respective controls, the correspondence relays
NCR and RCR assume proper positions in which
the lock relays L for the track switches included
in the route are dropped, so that the signal cir-
cuits for the signals 10! and 156 for their re-
spective interlocked groups are energized.

The relay 101G is energized by the same cir-
cuit as previously pointed out in connection with
the establishment of the route between signal 101
and 108 by employing the entrance button 19INB
and the exit button (11XB, so that this circuit
will not be traced in detail. The circuit for the
signal relay (98C is closed in a similar manner
as pointed out in connection with the establish-
ment of the route for that group by the use of
entrance button (06NB and the exit button
109XB with the exception that the entrance but-
ton {86NB has not been operated to close the con-
tact 221 (see Fig.7), but the relay 106NXI{{ has
been picked up, as above described, closing its
front contact 247 and shunting the contact 221
so that the circuit for the relay 106G is com-
pleted. The picking up of the relays (0iG and
186C causes the clearing of their respective sig-
nals as above described.

The picking up of the exit relay 11 {XR closes
front contact 172 and thereby energizes the relays
6N, 5BN, 4R, 3N and 2AN as above pointed out
in connection with the establishment of the route
from the signal 18} to the signal 106 for the in-
dividual group.

The relays WZ for the respective track switches
respond to their respective switch control relays
N and R as pointed out in connection with Fig. 5.
After the response of the track swiiches to their
respective controls,: the . correspondence Trelays



NCR and RCR assume proper positions dropping
the lock relays L for each of the track switches
included in the route so that the signal circuits
for the signals 81 and 1868 for their respective
mterlocked groups are enerdlzed

The relay f04G is energized by the same circuit
-as previously pointed out in connection with the
establishment of the route between signal 184
and 166 by employing the entrance button 13{NB
.and the exit butfon 11iXB, so that this circuit
will not be traced in detail. The circuit for the
signal relay 106G is closed in a similar manner as
pointed out in connection with the establishment
of the route for that.group by the use of entrance
button L08NB ang the exit button 189XB with
the exceptmn that the entrance button [65NB
has not, been operated to close the contact 224
(see F1g 7y, but the relay 106NXtil has been
pmked up, .as above described; closing its front
contact 241 and shunting the contact 221 so that
the circuit-for the relay {08G is completed. The
picking up of the relays 104G and (66G causes
the clearing of their respective.signals as above
.described.

Restoratwn 1o rzormal of -a through route.—It

may h@ppen that a through route is set up,.pre-
maturely or by mistake, and the operator may
wish to restore all or some part of this through
route to normal before a train enters.

The restoration of this through route between :

the -signals 181 and 185 may be accomplished
either individually or .collectively. In other
words, this through route may be restored to stop
by the restoration of the entrance button 8iNB

to its non-operated position causing the complete :

through route to be restored to. stop conditions,
or this through route raay be taken apart, so to
speak, by -operating- the enitrance button {§5NB
(see Fig. 3) to an operated position thereby caus-
ing the routes for the individual interlocked
groups to be whoily dependent upon their respec-
tive entrance bufttons.

The. restoratlon of the thorugh route by the re-
turning of the entrance button { O,,INB, 60 its non-
operating position will first be considered. - 'The
relay I11XR was picked up automatically by ithe
closure of .contact 351 of the relay 108NX1t(, and
'upon the plck1ng up of the relay HIXR closes
its contact 171 to complete its stick-circuit which

is dependent upon the entrance button L§INB

by reason of its stick circuit eharacteustlcs as
pomted out W1th the individual interlocked :group
Acontrol When the plck-up circuit is opened. The
pick up 01rcu113 provwded through front contact

35I of relay IDSNX fH is; opened al front contact ;

_w@y, als“po;r_lted ou_t above, Whlch oceurs. when g
route is cleared over the track section with which
such -relay is associated and remains dropped
away until such-route is restored to stop and its
track section is unoccupied. In other words, as
soon .as_the signal 191 clears, the relay Il IXR is
acterlsucs

The picking up .of the exit relay i I{XR opens
the pick up circuit for the relay TBZ at back con-
tact 228, but inasmuch as the relay 186NXEI L is
picked up when the relay {{IXR picks up, an
auxiliary energizing circuit for the relay 1BZ is
closed from (+4), through a circuit including
front contact 248 (see Fig. 3) of relay (98NXLi{,
wire -2493; wire 2492, front contact 228 of relay

LIEXR, wire 2292, wire 2293, front contact 238 of
relay 15ES, lever contact 194 of entrance button
108NB in a non-operated position, back contact
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185 of relay -106XR, back contact 186 of relay TR,
windings of relay 1BZ, to (—). This shift of the
energy for-the relay TBZ causes the relay 1BZ to
be temporarily dependent upon the continued
soon s t_he signal 181 clears.and c_au.ses .the d.rop—
its back contact 239
is closed so that energy is supplied from (+4-)
through front -contact 248 and back contact 230
for the relay TBZ instead .of through the front
contact 228 of the relay {{{XR.

Thus, when the operator restores the .entrance
button 10INB, it removes energy from the relay
1HXR, and causes the signal (0§ to restore to
stop which in turn causes the relsy I5ES to be
picked up, providing the asseciated track sec-

tion 5T is unoccupied, so that the energization
.of the relay TBZ is again made dependent upon

the relay 41{XR, Although back contact 228 is

now: closed, relay  L{.4£XR is not receiving energy,
so.that the relay TBZis.deenergized as:well as the

succeeding preselecting relays-Z and the exit re-

lay t09%XR. This, of :course, causes the signal 106

to be restored to stop because the circuit for the

relay 188G requires that the exit relay HIXR

be picked up as well as the relay 1662411 which

is.dependent upon .the relay 188XR in this par-
ticular route set up.

It might happen that the operafor would de-

sire to maintain the .signal {81 cleared ‘to allow

a train to pass up :te the signal (83 but cause
said signal 106 to .be restored to- stop although it
had previocusly been cleared by the setting up of
the -through route. As previously mentioned, a
through route may be taken apart so to speak,

‘and have.-any- particular element included within

it restored to stop conditions.

For example, assuming the -through route is
set up as above described with the signals (@4
and 106 cleared, the signal £86 may be restored
to stop by first- actuating the entrance button
106NB to ‘an operated -position and then restor-
ing it to its non-operated position. Sueh opera-
tion of the entrance button 86NB opens the con-

5 tact 231 deenergizing the relay HENX#1l which

in turn deenergizes relay TBZ at open front con-
tact 248, but energy is supplied to the relay 7BZ
by reason of the closure of contact 194 -in an
operated position. In other words, the oper ation
of the entrance button 168NB to an operated po-
sition causes that part or elementof the through
route in its associated interlocked group to be
magde wholly dependent upon the entrapce but-
ton I85NB, but maintains the signal 18§ cleared.
The energy received for the relay {86NXiLi be-
fore movement of (§SNB flowed through front
contact 234, because back contact 171 is- open
with the relay i IXR picked up. In other words,
the dropping away of the relay 168NXi [t opens
its stick circuit and prevents such relay from
again picking up when the entrance .button
10BNB is restored to. a hon-operated: position.
The return of entrance button, 108NB to. a, stop
or non-operated position deenerglzes the relay
iBZ by the opening of contact { 84 from an oper-
ated posmon as such .contact does not.supply
energy to relay 1BZ when in a non-operated po-
sition with the relay i85NXiti dropped.away.
Such deenergization of the. relay TBZ causes the
signal 186 to be-restored to.stop by reason oi the
deenergization of the exit relay +89XR, although
signal (01 remains cleared dependent upon the
entrance button -18{NB.

Frain movement over -G 1hrough route—As-
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suming a through route established from signal
101 to signal 169 as just described, when a train
passes the signal 10f. and enters this through
route, the operator will restore the entrance but-
ton I0INB to the normal position, unless he
wishes the route to be maintained for some fol-
lowing = train. This restores to normal. the
~ initiating and completion circuits for the rear
interlocked group, and causes the signal 10 to
assume its stop condition; but due to the pres-
ence of the train, the relay I5ES. is maintained
deenergized in a manner characteristic of this
form of directional stick relay, and as explained
- more in-detail in the specification of Patent No.
477,671 previously mentioned.

Accordingly, the restoration of the entrance
button 10INB causes the exit relay. [I1IXR to
drop, but the back contact 230. of the relay IS5ES
is closed, and with the relay 196NXIII ener-
gized and its contact 248 closed, said relay
f66NX{ i1 is maintained energized to cause clos-
ing of its contact 2471 in Fig. 7 to- energize re-
lay 186G and keep the signal 10§ in the clear
condition. When the train entirely passes the
signal 188 and the relay IE8ES picks up, the cir-
cuit. for energizing the preselecting relay TBZ
and also the through route relay I86NXIill is
shifted to the back contact 228 of the exit relay
1 1{XR, which is now dropped away because the
entrance button {6INB has been restored. - Con-
sequently, the relay 106NX1 10 is deenergized and
the signal 186 automatically caused to assume its
stop condition after the train has passed it. In
short, when a train enters-an established through
route, the operator restores the entrance button
to normal to put to stop the entrance signal, but
the intermediate signal or signals in this through
route are automatically put to stop-as the train
passes this signal or signals.

It was mentioned above, that, when a through
route is established as described, the presence
of g train between the signal 181 and 188 main-
tains the relay I5ES deenergized so that the sig-
nal 196 is maintained cleared until -the train

passés such signal although the entrance button <

10iNB is restored to a non-operated position.
This would appear to cause the signal 106 to be
automatically held in a cleared. condition, but
such signal 106 is under manual control even

with such conditions and may be restored to stop -

in the same manner as described above in con-
nection with the operation of the entrance but-
ton 198NB to an operated position and then re-
stored to its stop or non-operated position. In
other words, such operation of the entrance but-
ton 106NB to an.operated position causés the
dropping of the relay 106NX111 even under such
circumstances as it is dependent for its energy
upon a stick circuit including back contact 239
of relay 1BES, so that the restoration of the but-
ton 186NB to a non-operated position results in
the relay {806NXI{l remaining deenergized and
causes the relay 106G to be deenergized in turn
effecting the stop indication of the signal 106.

The present invention contemplates that a
large number of interlocked groups may be as-
sociated with each other so that a through route
may be set up through several interlocked groups,
say five or six, for example. The present dis-
closure, for the sake of simplicity, shows only
two such interlocked groups placed end-to-end.

In the event that a large number of inter-
locked groups are placed end-to-end,-a through
route. is cleared through such groups by the end-
to-end feature of operation above typically de-
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scribed, and may be taken apart, so to speak,
element by element. - For example, the operation
of - the entrance button to the third interlocked
group to an operated position and then the re-
stored to its non-operated position will cause
the signal governing traffic for the through route
at the entrance to- that particular interlocked
group, as well .as the signals at the entrance to
each of the successive interlocked groups to be
restored to stop, although the signals at the en-
trance to the first interlocked group and at the
entrance to the second interlocked group are
maintained c¢lear dependent upon the entrance
button for the entrance to the first interlocked
group.:

If it were desired to place only the signal
governing the third interlocked group at stop, all
that would be necessary to cause such operation
would be to actuate the entrance button for the
signal at the entrance:-to the fourth interlocked
group to an -operated position before actuating
the  entrance -button: for the- third interlocked
group to an-operated position and then restoring
it to a non-operated position.

In summary, the-present invention contem-
plates that the principles of the chosen- embodi~
ment may be so applied to a complex and ex-
panded track layout that the end-to-end feature
of operation of the present invention provides
great facility in the setting up of through routes
without in any ‘way interfering with the individ-
ual control of each of the elements of such
through routes.

Selection -between optional through routes.—
As previously noted, there are several alternative
through routes from the signal 191 to the signal
189, and the predetermined one established in
the manner previously described is only one of
the -possible - through  routes. This predeter-~
mined through route established under ordinary
conditions is a superior or preferred route; and
the-system of this invention is arranged so that
other ‘ones of the optional through routes will
be established, as may be required on account of
conflict with estabiished routes, or by operation
of ‘auxiliary switeh levers. If a superior route
should be in conflict with another route already
established, the second of the optional routes is
then set up; and similarly, if such second route
should be’ in conflict with a route already es-
tablished, the third optional route is automati~
cally set up. ' This is accomplished irrespective of
whether the optional routes are within a single
interlocked group or whether such optional
routes are provided by several interlocked groups
associated with each other to give through route
end-to-end operation.
| 'For example, let us assume that a route is set
up between the signals 163 and {36 to allow g first
train to progress up to signal 106 contempora-
neously with the passage of a second train from
the signal {91 up to the signal 188. This causes
the through route from signal (91 to signal 10§
to be made up of the track switches TTSA and
TTSB in reverse positions, which is an inferior
route compared to the through route with track
switches 4TSA and 4TSB in reverse positions.

It should also be understood that selection
from. among & plurality of optional through
routes may be accomplished manually by the
operation of the auxiliary switch control levers
as pointed out in connection with the optional
route gelection for 7a. single interlocked group.
It is believed unnecessary to go into detail as to



24

how. this may be: done inasmuch gs: the.operation
is.the same as. for a single interlocked- group.

With the route between the signal- 103-and- 108
set up, the relays 2BZ, 2BN, 4BZ, 4BN, 5BN; 6Z
and: 6N are all picked: up..

Now- to. consider: the: operations; of: the prese-
lecting: relays. Z effected by the actuation of: the
entrance button 10INB: - The relay: 5AZ is ener-
gized by a circuit above pointed out after-which
energy- is: passed- on. through front contact- 222
over eres 22382 and 2233 to. the rglay: GZ

wire 332 because of the open back contact 253
of relay 4BN, but, does receive. energy- 1ol
through a circuit including lever contact. Bb;
entrance button 103NB in operated position, back
contact 53 of relay- 108XR, back contact 54. of
relay 2R, front contact 86: of relay 2BZ, wire
551, wire 552, back contach 254 of relay 4R, frond
contact. 165 of relay 4BZ, hack-contact I :
relay: 5R; back contact: 161 of relay: 6R, W1nd—
ings 6Z to. (—). But the fronf: contact. |88 can
nob: pass energy on: to the: relay: 1BZ bhecause of
the open back contact 228\ relay LHXR..

is. passed on by the relay SAZ from the heel of
contact. 163 of relay 5R, front. contact- 222 of
relay SAZ, wire. 2232, wire. 223,3, back: contact 224
of relay MOXR, hack: contact 255 of: relay- TAN,
kack contact 268 of relay TBN, back: contact 191
of relay IBZ, wire 85%, wire: 58% back contact. 56
of relay 8R, windings of relay 9BZ, to, (=).

The picking up of relay 9BZ passes, energy. on
from the back point of contact: 5§.through front
contact 37 of relay 9BZ, back contact:38; of re~
lay 18R, back contact 39 .of relay- R, winding of
relay 11Z, to (—).

'The.picking up. of the relay: §Z passes enersy.
on, from the heel of contact 38 through front
contact 188 of relay- [1Z: fo relay 109XR; so that
upon the: actuation: of the ex1t bu‘ on. 109XB

thxough contact 260 of entrance button IOQNB

in a. non-operated position, to (=).. The pick-
ing up. of the relay I03XR c,loees f-r_or;lt c,ontacb

hand: terminal of the relay .1
be stuck: up: dependent upc
184 N;B, as above described:
. losure- of ¢

by C& g U
he. entrance button

7 ¢ , ;-as the relay IIZ
1§ p;cked up, as above descrlbed ‘The relay,
46BN is, energlzed in, mult1ple Wlth the relay [ IN
as. above described. Inasmuch as the relay 9BZ

is picked up, the relay 9BN is energ1zed by a cir- .

cuit. also pointed out above. Energy is passed on
by the relay 9BZ through 1@& _front contact 205,
over - wire 208¢, wire 2083, back contact 207 of
relay 1BZ, upper winding of relay TR, back con-
tact 287 of relay TAN, back contact 258 of relay
1BN, to (—).

It may be well to point oub the system used
in de51gnat1ng the relays, such as relay FO6NX (H.,
The 186N means that when this relay is picked
up, it accomplishes a- similar purpose as the
actuation of the entrance button 166NB insofar
as the clearing of the signal is concerned, as
shown in the control- of the relay- IBBG for ex-
ample, in Flg 7 while the XL means- that thls

the exit relay I HXR in: place of the usually re-
quired actuation of the exit button. 1H1XB.
In-view of the fact that there: is no. signal
shown in the chosen track layout for governing
traffic in an east bound direction past the.sighal
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Jocation of signal 118;. there is: no entrance and
exit buttons. required for- such location. For this
reason,. it is. unnecessary: to. provide a special re-
lay; such as through. route relay 106NXI!I, to
effect an aufomatic entrance-exit cantrol for such
signal location. However; the exit: condition is
passed:on to the interlocked group of Figs: 1 and
2:by a direct wire cizeuit:.

More:specifically; energy is: passed on: from the
back: point. of: contact: 287 of relay 1BZ, front

ontacQZSQ of : relay TR, wire 26Q3 1re 2602, front
EAN Abagk.cmtact. _I_l,‘-i oft.r_elay, ,51?». ,_to. (—). The
relpy 4AN. receives energy- in multiple with relay
5AN from front confact 264 of relay 5AZ, through
the. upper winding: of relay 4AN, back- contact
262.0f relay- AR, .to (=)

Energy. is passed on from front. contact 261 of
relay. $AZ; through bagk: contact. 180 of relay
4R, wire. 492, wire- 48%, back contact 50 of relay
37, upper winding, of relay- 3R, back contact 51
of relay 3N, to (=).

The. energization, of the switch control relays
N.and: R for the several track switches causes the
operation: of the track switches as required to set
up. the route from the signal 181 to the signal
109; over the creossover including track switches
1TSA and TTSB in reverse positions. When the
track: switches are. all in. proper: positions as, re-
peated by the correspondence relays. RCR-and
NCER: for the several track. switches, the. respec-
tive lock relays L. are. also. deenergized, closing
the signal: clearing circuit, for the signal 101.

In this particular route under consideration,
it. is:nopted: that: there is. no, east bound: signal at
the west bound. signal. 18; and,; for-this. reason it
is;necessary: to provide a signal circuit repeating
relay FHSCR-in order to repeat the energy sup-

ireuif at: the exit end of the

b route, past the west. bound -signal 10,

More. specifically; relay- 118SCR, has: a. circuib
d from: (4) (see Figs: 8 and 7), through a
it: including fronf confact 210 of relay
198XR, back contact 2i1 of relay |IL, front
contact 212 of relay- HINCR, front. contact 213
of relay- IONCR, back contact, 2{4 of relay (8L,
back: contact: 215 of relay. SL, front- contact 216

" of relay 9NCR, wire. 21718, wire 2177, back con-
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tact: 248 of relay- Tk, back: contact 219 of relay
INCR, front contact 263 of relay TRCR, back
contact 264 of relay TNCR, back contact 265 of
relay 1L, back contact: 266.of relay |10XR, wind-
ings. of relay: L19SCR, to (—).

As, soon. as the relay 10SCR picks up, the re-
lay. 1846 receives energy from. (4;), through a
circuit. including: front contagt 287 of relay
:L08CR;, back: contact 268 of relay: 5L, front con-
tact: 269: of relay SNCR, front contact 189 of re-
lay 4NCR back: contact 180: of relay 4L, wire
contact 91 of relay 3NCR front _conta_ct ISI of
relay 3RCR, back contact 182 of relay I04XR,
lever contact 183 of enfrance button (0INB: in
an operated position, windings of 184G, to, (—).

- The picking up of the relay 104G causes the

signal 184 to be: cleared allowing the passage
of ‘traffic_ over this: through route from signal
104 to signal 109.

This through roufe can be putb. to. stop by the
returning: of the entrance button 19INB: to its
non-operated position. It is noted that this par-
ticular through route can not be taken apart, so
to speak, by reason of the fact that there is no
intermediate east bound si nal ab the west bound
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It is also. to be. understood that the usual route
locking features. apply to this. through route as
pointed out in_connection with the other routes
described.

If the operator had desired to cause the above
through route to include the track switch. 9TSA
and 9TSB in reverse positions instead of the
track switches TTSA and TTSB all that would

be. necessary to accomplish this result. would be.
to operate the auxiliary switch machine control:

lever ISML: (not shown) to a normal controlling
position which would pick up the relays. TAN

and TBN. The opening of back contacts 255 and’

256 of relays TAN. and TBN. respectively would
prevent the energization of the relay 9BZ so that
upon the actuation of the exit button . 109XB,
the energization of the selecting circuits for the
relays N and R would include, by reason of the
denergized: condition of relay 9BZ, back contact
205 for energizing the relay 9R. to cause the re-
verse operation of the track switches 9TSA and
9TSB. This is believed: sufficient description to
point out how. the most inferior through route

among the optional routes can’ be selected. If:

the track layout were such that a route could be
in conflict with the through route 1nclud1ng track
switches TTSA and TTSB in reverse posmons,
but not in conflict with the track switches §TSA
and 9TSB in reverse positions, then the feature
of automatic selection would be present to give
the most inferior optional route. '
Through routes involving run-around move-

ments.—We have considered optional through

routes between two points as. mcludlng one of

several ways of getting from an entrance pomt‘

on one track to an exit point on another track
past one or more intermediate 51gnal locatlons,
but the present invention also provrdes that run-

around routes may be automatically set up by the,

end-to-end operatmn In other words, 1t may be

desired to set up a through route whlch has 8.
main track extending between the entrance and’
exit points_for such route, but because of an ob-.
struction or other routes conﬁ1ct1nfr with such
main route it becomes necessary to run. around,
the points of conflict in order to pass from. the.

enfrance point to the exit point.
The end-to- end operatmn provided by. the

present- 1nvent10n readily adapts itself to prov1de:
such automatic, rm -around  movements in the.

event of confhctmg routes For example, let us

assurle that the operator de51res to have g train.
paes from the signal 169 to.the signal 183 at a.

time. when a route is gstablished between the sig-
nals !38 and, 185 and ancther route is estab-
lished between the signals 104 and fiL.
to_consider how the through run-around- route

is. automatlcally set up, it will, first. be necessary.
to point out the setting up of the routes 1nd1v1a—-

ual to the two interlocked. groups,

The. ope1ator first moves the entranece. button
l%NB to an. 00erated posn;lon in- a. .counter-
clockwise dlrectlon This. energizes. the relay
8AZ by.a: circuit closed from: (+4), through a cir-
cuit. mcludmg iever contact 276 of entrance but-
ton, L68NB. in an operated. position, back contact
271, of relay { QSXR back contact 272 of relay

IBR ‘back contact 213. of relay. 8R, windings of.

relay- 9AZ, to (—). Front_contact 128 of. relay

947 passes energy on to the relay TAZ, but.this:

will not. be peinted: out in-detail as. the picking
up of the relay. 8R, followmg the actuation of:
the exit button, {05XB. causes, the opening of: such:
01rcu1t at back contact 214 of relay 8R:

. In order.
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- The. actuation- of the exit button 105XB ef-
fects for the energlzatmn of the relay 105XR by
a, circuit closed-from (4+), through a circuit in-
cluding lever contact 278 of entrance button

- 108NB in an operated. position, back centact 271

of relay I08XR, back contact 272 of relay [0R,
back contact 213-of relay 9R, front contact 126
of relay 9AZ, wire 1274, wire 1273; back contact
215 of relay 8N, windings of relay 185XR, back
contact 276 of exit button 185XB, lever contact
211 of entrance button, 105NB in a non-operated
position, to (—). As soon as the relay [(85XR
picks up, it closes. front contact 288 to apply
negative potential (—) to the left hand terminal
of the relay 185XR so that the exit button {85XB
may be immediately released.

The picking up of the relay 185XR applies en~
ergy to the relay 8R by a circuit closed from
(+) through a.circuit' including front contact
281 of relay 105XR, lower winding of relay 8R,
back contact 282:of relay 8N, to ().

The picking up of the relay 8R:applies energy
to the relay 8AN by a circuit closed from (4)
through a circuit including. front. contact 281 of
relay. 105XR, front contact 283 of relay §R, wire

1543, wire 1544, front. contact 155 of relay 9AZ,
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lower. winding of relay 9AN, back contact 47 of
relay 9R, to (—).

The relay {8AN is.-energized in. multiple with
the relay 9AN from the front contact {85 through
the lower winding of relay (BAN, back contact &8
of relay 10R, to (—). '

The track. switches respond to. their respective
control relays N and R and the lock relays L
drop away when correspondence conditions are
indicated so that the si'gna_l 108 is cleared by the
picking .up of the relay 108G which is energized-
by a circuit closed from (4, through 8, circuit
including front contact 284 of relay 105XR (see
Fig. 7), front contact 285 of relay 8RCR, back

contact 286 of relay 8NCR back contact 287 of
relay 8L, wire 897, wire 898 back contact 88 of
relay 8L, front contact 87 of relay ONCR, front
contact 86 of relay {ONCR, back contact 85 of

. relay 161, back contact 84 of relay 108XR, lever

contact 288 of entrance button I168NB in an
operated position, windings of relay 188G, to
(=). 'The picking up of the relay 198G causes
the signal {08 to clear.

The operator now moves the entrance button
{0ANB to an operated pos ition after which he
actuates the exit button 1{1XB, The actuation
of the entrance button mdNB prepares a circuit,
so that upon the actuation of the exit button

 [1IXB, the relay 1{1XR is energized by a circuit

closed. from (-}), through a circuit including
lever. contact 298 in an operated position, back
contact 291 of relay 104XR, wire 2921, wire 2522,
back contact 293 of relay 6N, back contact 168 of

2 relay. 6Z, windings of relay 1{IXR, back contact

169 of exit button 111XB, lever contact 170 of
entrance button {1INB.in a non-operated posi-
tion, to (—). As soon as the relay [ HXR picks
up, it closes front contact {71 to apply negative
potential (—) to the right hand terminal of the
relay [1IXR so that the exit button 11IXB may
be immediately released.

The picking up of the relay HIXR closes a
circuit for-energizing the relay 6R from (4),
through & circuit including front contact 172 of
relay- [IXR, back contact 113 of relay 6Z, upper
winding of relay 6R, back contact 294 of relay
6N, to (—).

- After the proper operation. of: the track switch
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6TS, the relay 104G is energized by a circuit closed

from (+4), through a circuit including frong

contact (81 of relay 11IXR (see Fig. T7), back
contact 182 of relay 6L, back contact {83 of relay
6NCR, front contact 285 of relay 6RCR, wire
2867, wire 2966, back contact 297 of relay 104XR,
lever contact 298 of entrance button (04NB in an
operated position, windings of relay 104G, to (—).
The picking up of the relay !04G causes the
signal 104 to clear.

With these two routes individual to their re-
spective interlocked groups set up, we will now
consider that the operator actuates the entrance
button {09NB followed by the actuation of the
exit ‘button 103XB for the establishment of a
through route.

The closure of contact 120 of entrance button
I69NB energizes the relay 10BZ over a circuit

- previously pointed out. The picking up of the
relay 10BZ does not pass energy to the relay TAZ
by reason of the open back contact 251 of relay
S8AN which is energized for the route between
signals 105 and 108.

. However, energy is passed on for the energiza-
tion of the relay 4AZ by a circuit closed from

(+4), through a circuit including lever contact
120 of entrance button 109NB in an operated
position, back contact 121 of relay 189XR, back
contact 122 of relay I IR, back contact 123 of re-
lay 10R, front contact 124 of relay 16BZ, back
contact 134 of relay 9R, wire 135¢, wire (353, back
contact 360 of relay 1BN, back contact 301 of re-
lay TAN, back contact 302 of relay TAZ, back con-
tact 303 of relay 110XR, wire 3043, wire 3042
front contact 305 of relay 16WS, lever contact
306 of entrance button [I10NB in a non-operated
position, back contact 387 of relay 5R, back con-
tact 308 of relay 4R, windings of relay 4AZ, to
(—). But it will be noted here, that the relay
4AZ is dropped away as soon as the through run-
around route is established by reason of the
picking up of the relay SR which opens back
contact 307 included in the pick up circuit for
relay 4AZ, as will be presently pointed out.

If the route between signals 104 and 11{ were
not established, energy would also be passed on
for the relay 5BZ by a circuit closed from (),
through a circuit including lever contact 1208 of
entrance button (09NB in an operated position,
back contact 121 of relay 109XR, back contact
122 of relay 1R, back contact 123 of relay I6R,
front contact 124 of relay 10BZ, back contact 134
of relay 9R, wire 135¢%, wire 1353, back contact
310 of relay TR, back contact 311 of relay [06XR,
front contact 312 of relay 1TWS, wire 3133, wire
3132, lever contact 314 of entrance button IfINB
in a non-operated position, back ‘contact 315 of
relay 11IXR, back contact 318 of relay 6R, back
contact 317 of relay 5R, windings of relay 5BZ,
to (—). However, it is noted that the relay 6R
is picked up opening back contact 318, and the
relay I{i1XR is also picked up opening back con-
tact 315, so that the relay 5BZ can not be ener-
gized. - This condition of relay 5BZ has been
pointed out in detail because it is the relay which
determines the run-around through route.

The actuation of the exit button 183XB now
completes a circuit for the relay 163XR from
(4), through a circuit including lever contact
120 of entrance button 198NB, in an operated po-
sition, back contact 121 of relay 109XR, back con-
tact 122 of relay {IR; back contact 123 of relay
18R, front contact 124 of relay 10BZ, back con-
tact 134 of relay 9R, wire (354, wire 1353, back
contact 309 of relay TBN, back contact 301 of

10

15

20

25-

30

40

45

50°

55

60

65

70-

(]

contact 141 of relay 2R, to (—).
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relay TAN, back contact 302 of TAZ, back contact
303 of relay I10XR, wire 3043, wire 3042, front
contact 305 of relay ISWS, lever contact 306 of
entrance button (I0NB in a non-operated posi-
tion, back contact 320 of relay SAN, back contact
321 of relay 5BN, back contact 322 of relay 5BZ,
back contact 323 of relay 4R, wire (352, wire {351,
back confact 136 of relay 2R, windings of relay
{03XR, back contact 137 of exit button (083XB,
lever contact {38 of entrance button 163NB in
a non-operated position, to (—). As soon as the
exit relay 103XR picks up, it closes front contact
139 to apply negative potential (—) to the left
hand terminal of relay {33XR, so that the exit
button 103XB may be immediately released.

The picking up of the relay {03XR closes the
circuit for energizing the relay 2BN, from (+)
through a circuit including front contact (4@ of
relay [183XR, lower winding of relay 2BN, back
A circuit is also
closed for picking up relay 4BN from (4,
through a circuit including front contact {48 of
relay 183XR, back contact (42 of relay 2R, wire
1431, wire 1432, lower winding of relay 4BN, back
contact 262 of relay 4R, to (—).

The relay SR receives energy from (), through
a circuit including front contact 140 of relay
103XR, back contact 142 of relay 2R, wire 1431,
wire 1432, back contact 324 of relay 4R, back con-

:tact 825 of relay 5BZ, lower winding of relay 5R,

back contact 326 of relay 5BN, back contact 321
of relay 5AN, to (—).

As soon as the relay 5R picks up, a circuit is
closed for energizing the relay (iONXI{8 from

1 (4), through a circuit including front contact

148 of relay {03XR, back contact (42 of relay
2R, wire 143!, wire 1432, back contact 324 of re-
lay 4R, back contact 325 of relay 5BZ, front con-
tact 328 of relay SR, windings of relay |{0NXI1{0,

" lever contact 329 of entrance button 110NB in a

non-operated position, front contact 330 of relay
{6WS, wire 3312, wire 3313, back contact 332 of
relay I10XR, to (—~). As soon as the relay
I19NX110 picks up, it closes contact 333 to ap-

- ply negative potential from (—) through lever

contact 329 in a non-operated position to its right
hand terminal.

The relay 11ONXI10 picks up and closes a cir-
cuit for energizing the exit relay [10XR from
(+), through a ¢ircuit including lever contact
120 of entrance button 109NB in an operated
position, back contact 121 of relay 109XR, back
contact 122 of relay (IR, back contact 123 of
relay 18R, front contact 124 of relay 10BZ, back

- contact 134 of relay 9R, wire (354, wire 1353,

back contact 386 of relay TBN, back contact 301
of relay TAN, back contact 302 of relay T1AZ, wind-
ings of relay 110XR, wire 3343, wire 3342, front
contact 335 of relay I6WS, front contact 336 of
relay HHONXII0, to (—). As soon as the relay
I10XR picks up, it closes front contact 332 to
apply negative potential (—) to its left hand ter-
minal, and opens back contact 332 included in
the pick up circuit of relay. {10NXI10.

The picking up of the relay ({0XR applies
energy to the relay TR by a circuit closed from
(1), through a circuit including front contact
337 of relay [10XR, back contact 338 of relay
1AZ, lower winding of relay TR, back contact 251
of relay TAN, back contact 258 of relay 1BN,
to (—).

As soon as the relay TR picks up, it closes a
circuit for energizing the relay 98BN from +),
through a circuit including front contact 337 of
relay {10XR, back contact 338 of relay TAZ, front
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contact 338 .of relay TR, wire 1433, wire (43¢,
lower winding of relay 9BN, back contact 41 of
relay 9R, to (—).

Energy passes on from the wire 1434 through
back confact 144 of relay 9R, front contact 145
of relay 10BZ, lower winding of relay 10BN, back
contact 46 of relay I6R, to (—).

The relay | IN is energized in multiple with the
relay 10BN from front contact 145, through
lower winding of relay IIN, back contact 146 of
relay {IR, to (—).

The energization of these switch control relays
N and R through the medium of the self-selecting
network in the manner above described, causes
the respective track switches to be operated to
proper positions to set up a route hetween the
signal 189 and the signal 103 over the trackway,
including the track switch { TS in a normal posi-
tion, the track switch (0TSB in a normal posi-
tion, track switch 9TSB in a normal position,
track switches TT'SA and TTSB in reverse posi-
tions, track switches 5TSA and 5TSB in reverse
positions, track switch 4TSB in a normal position,
and track switch 2TSB in a normal position.
When the track switches have assumed their
proper positions as indicated by the correspond-
ence relays, the lock relays I. are dropped away
so that a circuit is closed for energizing the relay
109G. i

A circuit is closed for the relay 109G from (+), 3

through a circuit including front contact 266 of
relay {I0XR (see Fig. T), back contact 265 of
relay TL, back contact 264 of relay TNCR, front
contact 283 of relay TRCR, back contact 219 of

relay TNCR, back contact 218 of relay 1L, wire s

2477, wire 2118, front contact 216 of relay SNCR,
back contact 215 of relay 9L, back contact 214
of relay (0L, front contact 213 of relay I8NCR,
front -contact 212 of relay IINCR, back contact
2t1 of relay 1L, back contact 210 of relay 109XR,
lever contact 244 of entrance button [09NB in
an operated position, relay windings of relay
169G, to (—).

The picking up of the relay 109G causes the
signal 109 to be cleared so that the train can
then proceed up to the signal 118 which is also
cleared by the picking up of the relay I1i0A, by
reason of a circuit closed from (), through a
circuit including front contact 241 of relay

183XR, front contact 242 of relay ZNCR, back g

contact 243 of relay 2L, wire 2175, wire 2177, front
contact 187 of relay ANCR, back contact 186 of
relay 4L, back contact 185 of relay 51, back con-
tact 184- of relay SNCR, front contact 340 of
relay BRCR, hack contact 265 of relay SNCR, back
contact 268 of relay 51, back contact 267 of relay
1{8SCR, front contact 342 of relay [118NX{I0,
windings of relay 118G, to (—).

This through route may be returned to stop
by the restoration of the entrance button 189NB
to its non-operated position, or may be taken
apart, so to speak, and have each of its -ele-
ments returned to stop for the respective inter-
locked groups as pointed out in connection with
the through routes above described.

Perhaps it should be mentioned that the clear-
ing of the signal {03 causes the relay {6WS to
be deenergized so that the continued enecrgiza-
tion of the relay {23XR is dependent upon the
lever contact 386 of entrance button {i0NB in
a non-operated position through back contact
305 of relay I8WS and front contact 343 of
relay {{8NX1{0. But in the time preceding the
dropping of relay 16WS after the picking up
of the .relay. 1i18XR, this energy is supplied
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from front contact 843 of relay 110NX110 through’
front contact 383 of relay [10XR and front con-
tact 385 of relay I6WS to the lever contact 3066.
These provisions are for similar purposes as point-
ed out in connection with the relay {5ES above
and for .the sake of simplicity will not be de-
scribed in detail in this connection.

The above description of setting up routes in-
volving so-called run-around movements con-
sidered such operation with regard to through
routes, but it should be understood that routes
involving run-around movements may be set up
within a single interlocked group, by operation of
auxiliary switch levers, as when some switch or
crossover is out of order for some reason, and
cannot be operated to the position selected by
the automatic operation of the route establish-
mng means. For example, a route may be set
up from the signal 108 to the signal {10 by the
way of track switches 8TSA and 8TSB as well
as track switches (0TSA and I0TSB all in re-
verse positions, but with the track switches TTSA
and 8TS in normal positions. Such a run-
around route is not automatically set up but
requires the manual manipulation of the aux-
iliary switch control levers after which the actu-
ation of the entrance button {88NB to an oper-
ated position and the momentary actuation of
the exit button {10XB will cause the signal 108
to be cleared. .

Another run-around roufe .can be established
between these two signals 108 and {19 by the
way of track switches TT'SA and TTSB as well
as track switches (0TSA and {6TSB in reverse
positions with the ‘track 9TSB in a normal posi-
tion.. This run-around route may be desired
upon a failure of the track switch 8TS to re-
spond to a proper normal control, that is, it may
be stuck in a reverse position due to snow or ice
or the like. Such run-around route may be set
up either by operating the auxiliary switch con-
trol lever 8SML (not shown) to a reverse con-
trolling position or by operating both of the
auxiliary switch machine conirol levers TSML
and - 10SML (not shown) to reverse positions.
The operation of the track switches in response
to their auxiliary control has been described in
detail in connection with the auxiliary control
lever $SML: shown in Fig. 5.

As anofther example, considering the inter-
locked group formed by Figs. 1 and 2, assume
that the switch 3 for some reason is out of order
and cannot be operated to the normal position,
and the operator actuates the auxiliary switch
control levers 3SMIL to the reverse position to
energize 3R, and then actuates entrance button
1{ONB and the exit button 162XB.

The operation of the ehnfrance button ({10NB
closes a pick up circuit for the preselecting re-
lay 4AZ from (4-), through a circuit including
lever contact 366 of entrance button 1{8NB in
operated position, back contact 367 of relay 5R,
back contact 308 of relay 4R, windings of relay
4AZ, to (=).

The picking up of the relay 4AZ causes energy
to be passed on but it can not energize the relay
2AZ as the relay 2R is picked up opening back
contact 128. It may also be noted in this con-
nection that the run-around route will subse-
quently effect the picking up of the relay 5R
causing the deenergization of the relay 4AZ by
opening back contact 307 which does no harm
inasmuch as the relay 4AZ accomplishes no use-
ful purpose in the establishment of the run-.
around route.. The energization of the relay 4AZ.
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is merely pointed out for the purpose of showing
the manner in which the relay 2AZ is prevented
from being picked up with the relay 3R picked
up. This is because the deenergized condition of
the relay 2AZ is the one which determines that
the run-around route shall be over the track
switches 2TSA and 2TSB in reverse positions.

The actuation of the exit button 82XB causes
the energization of the exit relay [82XR by a
circuit closed from (-4), through a circuit in-
cluding lever contact 388 of entrance button
{IONB in an operated position, back contact 320
of relay BAN, back contact 321 of relay §BN,
back contact 322 of relay 5BZ, back contact §23
of relay 4R, wire 352, wire £35!, back contact
158 of relay 2BN, back contact 252 of relay 2AN,
back contact 139 of relay 2AZ, windings of relay
102XR, back contact (48 of exit button (82XB,
contact (31 of entrance button 182NB in a non-
operated position, to (—). As soon as the exit
relay 102XR picks up, its front contact 149 ap-
plies negative potential (—) to the left hand
terminal of relay 102XR so that the exit buticn
may be immediately released.

The picking up of the relay (82XR closes a

pick up circuit for 2R from (), through a cir-
cuit including front contact 150 of relay (02XR,
back contact 15i of relay 2AZ, lower winding
of relay 2R, back contact 153 of relay 2AN, back
contact 188 of relay 2BN, to (—).
- The picking up of the relay 2R closes a circuit
for energizing the relay 4BN from (4) through
g circuit including front contact 158 of relay
{82XR, back contact 151 of relay 2AZ, front con-
tact 142 of relay 2R, wire 1431, wire 1432, lower
windings of relay 48BN, back contact 252 of relay
4R, to (—).

The relay 5R receives energy which is passed
on from wire 1432, through back contact 324 of
relay 4R, back contact 325 of relay 5BZ, lower
windings of relay 5R, back contact 326 of relay
5BN, back contact 327 of relay 5AN, to (—)

As soon as the track switches properly re-
sponded to their switch control relays and their

leck relays have been dropped by the picking up -

of their correspondence relays, then a circuit is
closed for the signal relay {i8G from (),
through a circuit including front contact 84 of
relay 102XR (see Fig. 6), back contact 83 of
relay 2L, back contact 92 of relay 2NCR, front
contact 344 of relay 2RCR, back contact 242 of
relay 2NCR, back contact 243 of relay 2L, wire
2176, wire 2177, front contact {87 of relay 4NCR,
back contact 186 of relay 4L, back contact 188
of relay 5L, back contact (84 of relay SNCR,
front contact 349 of relay SRCR, back contact
269 of relay BNCR, back contact 268 of relay
51, back contact 261 of relay | {dSCR, lever con-
tact 345 of entrance bution {i0NB in an oper-
ated pesition, windings of relay (i0G, to (—=).

The energization of the relay 110G causes the.

clearing of the signal 110 as will be readily un-
derstood.

This run-around route may be restored to stop
by the return of the entrance button [{8NB to a
non-operated position.

As another example of this cperation, assume
that the crossover & is out of order and canuot
be operated to the normal position, and that
the operator actuates the auxiliary switch con-
trol levers 4SMI: to the reverse position. This
energizes the reverse switch control relay 4R and
opens its back contact 388 to prevent the pre-
selecting relay #AZ from being energized by the
operation of the entrance button |10NB.
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"However, the relay 2AZ is energized by a run-
around circuit closed from (4), through a cir-
cuit including lever contact 388 of entrance but-
ton {48NB in an operated position, back contact
320 of relay $AN, back contact 321 of relay 5BN,
back contact 322 of relay 8BZ, back contact 345
of relay 4BN, back contact 347 of relay 4AN,
back contact 348 of relay £AZ, wire (272, wire
1271, back contact {28 of relay 3R, back contact
129 of relay 2R, windings of relay 2AZ, to (—).

It will be readily apparent that the picking up
of the relay 2AZ passes energy ih from the heel
of contact 128 through front contact 138 to the
relay 02XR so that the actuation of the button
102XB with the lever contact 131 of entrance
button {§2NB in a non-operated position effects
the picking up of relay 182XR. The picking up
of the relay {82XR closes front contact 149 to
apply negative potential (—) to the left hand
terminal of the relay [02XR.

The picking up of the relay 162XR closes a cir-
cuit for the relay 2AN from (4-), through a cir-
cuit including front contact 159 of relay 102XR,
front contact 151 of relay 2AZ, lower winding
of relay 2AN, back contact 141 of relay 2R, to
(—). The relay 3N is energized in multiple with
the relay 2AN from the front contact {51 through
lower winding of relay 8N, back contact 152 of
relay 3R, to (—).

Energy is passed on from front contact 151
through back contact {53 of relay 3R, wire 1541,
wire 1542, back contact 349 of relay 4AZ, lower
winding of relay 4R, back contact 178 of relay
4AN, back contact {78 of relay 4BN, to (—).
Such energy, of course, maintains a relay 4R
picked up although the auxiliary switch machine
control lever 4SML (not shown) might be re-
stored to its inactive position, but this relay 4R,
of course, was initially picked up by the auxiliary
lever. )

With the relay 4R picked up, energy is passed
on from the back point of contact 349 through
front contact 324 of relay 4R, back contact 325
of relay 5BZ, lower winding of relay 5R, back
contact 326 of relay 5BN, back contact 327 of
relay 5AN, to (—).

The track switches, of course, respond to their
respective switch control relays causing the es-
tablishment of a signal clearing circuit for the
relay 158G from (4) through a circuit includ-
ing front contact 94 of relay 182XR (see Fig. 6),
back contact §3 of relay 2L, front contact 92 of
relay 2NCR, front contact 91 of relay 3NCR,
back contact 90 of relay 3L, wire 885, wire 897,
back contact 188 of relay 4L, back contact 188
of relay 4NCR, front contact 188 of relay 4RCR,
back contact 187 of relay 4NCR, back contact
186 of relay 4L, back contact 185 of relay 5L,
back contact 184 of relay SNCR, front contact
340 of relay 5RCR, back contact 269 of relay
BNCR, back contact 268 of relay 5L, back contact
267 of relay i{8SCR, lever contact 345, entrance
button 1{8NB in an operated position, windings
of relay 118G, to (—). The picking up of the
relay {{8G causes the signal {18 to be cleared
for allowing the passage of traffic over the run-
around route.

Thus, it has been pointed out how run-around
routes may be established either within a particu-
lar interlocked group, or betweasn two interlocked
groups. It is also to be understood that the run-
around operation might include a whole inter-
locked group hetween two other interlocked
groups, In other words, when several interlocked
groups are placed end-to-end, it may be that,
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due to the establishment of an intervening main
line route between signals intermediate to the
entrance and exit points a run-around route will
be established between the entrance and exit
points at the extreme ends of several interlocked
groups. o

The principles of this invention are intended
to be applicable to any number of interlocked
groups, and when so applied, all operations and
functions obtainable with such a combination
are considered to have been disclosed, herein by
the relationship shown between two interlocked
groups. This provides for simplicity in the
present disclosure, for, if a third interlocked
group were added to the present disclosure, it
must be admitted that the disclosure would be
considerably more complex. It is believed pref-
erable to point out thatf, when three interlocked
groups are placed end-to-end, a run-around
route may automatically be gelected to avoid two
intermediate signal locations upon the operation
of the entrance and exit buttons governing a
through route,

Conclusion.—Numerous other examples of
entrance and exit button operation and estab-
lishing of roufes in the particular track layout
illustrated might be described in detail; but it is
believed that the foregoing explanation of cer-
tain specific examples of the operation of the
system in establishing routes including selection
between optional routes automatically and by
auxiliary switch lever control, and through route
or end-to-end operation in various aspects, will
be sufficient to make clear the nature of this in-
vention and the contemplated mode of operation.

From the foregoing detail description of one
specific embodiment of the invention, it can be
seen that this invention meets the various re-
quirements for a suitable system of entrance-
exit control; but in connection with this illus~
tration and description of the invention, it is of
course to be understood that the particular ar-
rangement of relays, circuits, and contacts illus-
trated is that required for the particular track
layout shown, and that if the track layout is
simplified or varied, there will be a correspond-
ing re~arrangement of circuits and contacts, in-
cluding the omission of some contacts. For ex-
ample, the contact 164 of the relay 4AN in Pig. 2
is always required regardless of the form of the
track layout including the crossover 4; but in a
simple track layout not involving end-to-end or
through route cperation, contact 253 of relay 4BN
becomes unnecessary and may be omitted.

Also, while through route operation is usually
desirable for a plurality of interlocked groups,
two interlocked groups may be associated with
each other, employing initiating and completion
circuit networks as shown herein, without pro-
viding for end-to-end through route operation at
all, or with respect to certain signal locations
and routes only, by using or omitting the through
route connections and through route relays as
desired.

Moreover, an enfrance-exit type system em-
bodying this invention has been described more
particularly with respect to establishing routes;
and it should be understood that various forms
of auxiliary means may be employed in the com-
plete system for approach locking, route locking
digplay of indications on the confrol panel, and
the like. Similarly, various other modifications,
adaptations, and additions may be made to the
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as may be required by the particular track layout
or other conditions encountered in practice,

Having described an interlocking system of the
entrance-exit type of interlocking as one spe-
cific embodiment of the present invention, it is
desired to be understood that this form is select-
ed to facilitate in the disclosure of the inven-
tion rather than to limit the number of forms
which it may assume; and furthermore, it is to
be. understood that variations, modifications,
adaptations and alterations may be used to meet
the requirements of practice without in any man-
ner departing from the scope or spirit of the in-
vention except as limited by the appended claims.

What I claim is:

1. In an interlocking system for railroads; a
track layout having track sections and switches
to form a plurality of different routes; entrance
and exit buttons for the entrance and exit ends
of said routes respectively; a preselecting relay
for each of said track switches; normal and re-
verse control relays for each of said track switch-
es; Initiating circuit means for energizing said
preselecting relay for each of those track switches
which is trailed normal by a train moving over
the. several routes emanating from a particular
entrance point when the entrance button for such
entrance point is operated only providing a part
of a route for train movement from said partic-
ular entrance point to and over the correspond-
ing switch in its normal position is not in con-
flict with some established route; completion
circuit means effective upon the operation of a
particular exit button following the operation of

said particular entrance button to energize said

normal relay for each of said trailed track
switches having ifs preselecting relay energized,
and to energize said reverse relay for each of said
trailed track switches having its preselecting re-~
lay deenergized, said completion circuit means
also energizing the normal or reverse relay for all
of -the other track switches included in the route
from said particular entrance point to the par-
ticular exit point in accordance with the position
said remaining switches must have in order to
establish that route.

2. In an interlocking system for railroads; a
track layout having track sections interconnected
by track switches; entrance and exit buttons for
the entrance and exit ends of said sections; pre-
selecting relay means for each of said track
switches; normal and reverse control relays for
each of said track switches; initiating circuit
means for energizing the preselecting relay
means for each of those track switches which is
trailed for one of its positions and which is in-
cluded in the several routes emanating from the
particular entrance point having its entrance
button operated and onily providing said switch
control relay for the opposite position for each
of the corresponding track switches is deener-
gized; and completion circuit means - effective
upon the operation of a particular exit button
following the operation of said particular en-
trance button to energize said normal or said
reverse relay for each of the remaining facing
point switches in the route from said particular
entrance point to said particular-exit point as re-
quired to set up that route, and to energize one
or the other of said control relays for each of said
trailed switches dependent upon the controlled
condition of the corresponding preselecting relay
means.

3.In ‘an -interlocking system for railroads; a
track layout having track sections interconnected
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by track switches; an entrance button for each
entrance signal location; a self-restoring exit but-
ton for each exit signal location; a preselecting
relay for each of said track switches; normal and
reverse control relays for each of said track
switches; initiating circuit means effective upon
the actuation of a particular entrance button to
energize the preselecting relay for each of those
track switches which would be trailed normal by
a train moving over the several routes emanating
from the corresponding entrance point; an exit
relay for each of said exit buttons; pick up cir-
cuits prepared by the response of said preselecting
relays for said several routes for energizing the
exit relay at the end of any given one of such
routes upon the actuation of its respective exit
button; a stick contact on each exit relay for
shunting said exit button for that relay; and
completion circuit means effective upon the pick~
ing up of a particular exit relay to energize said
normal relay for each of said ftrailed track
switches having its preselecting relay. energized,
and to energize said reverse relay for each of said
trailed track switches having its preselecting re-
lay deenergized, said ccmpletion circuit means
also energizing the normal or reverse relay for all
of the other track switches included in the route
from said particular entrance point to the partic-
ular exit point in accordance with the position
said remaining switches must. have in order to
establish that route.

4. In an interlocking system for railroads; a
track layout having successive track sections with
turn out track switches in said sections and hav-
ing a signal at one end of each section govern-
ing the movement of traffic in the same direc-
tion; entrance and exit buttons for the entrance
and exit ends for said sections; route establish-
ing means respeonsive to the joint operation of
the entrance button for the entrance to a section
and the operation of the exit button for the exit
.end of that section to operate said track switches
for-such section to proper positions to establish
a route between such entrance and exit ends

and to control the clearing of said signal for said -

section; and means including said route estab-
lishing means and responsive to the joint opera-
tion of the entrance button for the entrance to
o first one of said sections and the exit button

for the exit end of a succeeding one of said sec-

tions to operate said track switches for such sec-
tions and the intervening sections, if any, to
proper positions to establish a through route be-
tween such entrance and exit ends and to clear

‘each of said signals at the entrance ends of said
sections independently of the operation of the

entrance and exit buttons for the intetrvening
section ends. .

5. In an interlocking system for railroads; a
‘track layout having two interlocked groups each
having track sections interconnected by track
switches to form a plurality of routes; entrance
and exit buttons for the ends of said routes in
each of said groups; control relays associated
with each of said track switches for governing

its operation; means responsive to the joint oper- *

ation of an entrance buiton at one end of a
particular route in one of said interlocked groups
and an exit button at the opposite end of that
route to condition a control relay for each of the
track switches in that route to thereby set up
said particular route for one direction of train
movement; means responsive to the joint opera-
tion of an entrance button at one end of another
route in said other interlocked group, which an-
_other route connects with said particular route,
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and an exit button at the opposite end of such
another route to condition a control relay for
each of the track switches in such another route
to thereby set up said another route for the same
direction of train movement; and means, includ-
ing in part said means rescited above, responsive
to the joint operation of the entrance button at
said one end of said particular route and the
exit button at said opposite end of said another
route to condition a contirol relay for each of
said track switches in both of said routes to
thereby set up both said particular route and said
another route for said direction of train move-
ment.

6. In an interlocking system for railrcads, a
track layout including a plurality of stretches
of track interconnected by track switches to form
different routes, control buttons for the opposite
ends of 'each stretch of track, a preselecting relay
for each of said track switches, normal and re-
verse control relays for each of said track
switches, circuit means effective upon the actua-
tion of the control button at one end of a stretch
to energize the preselecting relay for each track
switch trailed for a particular position in each
of the routes emanating from that end of such
stretch, and cireuit means responsive to the oper-
ation of the control button at the opposite end
of one of said routes emanating from such en-
trance end to energize the normal or reverse
control relays for each of said track switches in
such route depending either upon the condition
of the preselecting relay for such switch or the
position required to set up that route.

7. In a switeh and signal control system of the
character described for a track layout including
a humber of track switches and providing a plu-
rality of routes between entrance and exit points,
a manually operable entrance button associated
with the entrance point for each of the various
routes, a manually operable exit button associ-
ated with the exit point for each of said routes,
g, selecting relay for each switch, a normal and
a reverse contirol relay for each switch, circuit
networks for governing the energization of said
relays and including certain contacts operated
thereby, said circuit networks comprising initiat-
ing circuit paths and completion circuit paths
for each direction of train movement over each
route, means responsive to the operation of a
given entrance button for applying electrical po-
tential to the initiating circuit paths for the di-
rection of train movement away from the cor-
responding entrance point over all of the avail-
able routes originating at that entrance point
-and thereby energizing those selecting relays be-
longing to these switches which a train would
trail in the normal position in traveling from
such given entering point in said direction over
any one of said available routes, said initiating
circuit path for energizing a selecting relay being
closed only if a part of a route for train move-
‘ment from said entrance pdint to and over the
corrésponding sWwitch in its normal position is
‘not in conflict with some established route, means
responsive to the operation of an exit button for
a given one of said available routes and effective
only if the initiating circuit paths to the corre-
sponding exit point has been coinpleted for ener-
‘wizing the completion circuit paths of that par-
ticular route, such energization of said comple-
tion ‘eircuit paths energizing the normal or re-
verse control relays as the case may be for each
of said trailed swifches in accordance with the
‘condition of the corresponding -selecting relay,
the energization of said completion circuit path
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also energizing the normal or reverse control re-
lay of the other facing point switches in such
given route in accordance with the position which
such switches must have in order to bring a train
to said exit point, means for operating each
switch in response to the energization of its nor-
mal or reverse control relay, and means for clear-
ing a signal corresponding to the entrance but-
ton actuated only if all of the switches in the
given route to the exit point belonging to the exit
button actuated have been operated by their con-
trol relays to corresponding normal or reverse
positions.

8. In a switch and signal control system of
the type described for a railway track layout
having a number of power operated itrack
switches operable to different positions to pro-
vide various routes through the track layout be-
tween signal locations; manually operable de-
vices associated with said signal locations which
constitute entrance and exit points of said routes;
switch control means for governing the operation
of each switch to the normal or reverse position;
circuit means responsive to the manual operation
of a device for any given entrance point for con-
ditioning the switch control means of all of those
switches of the layout which a train would trail
in moving away from said given entrance point
over any of the available routes originating at
such point, said switch control means for said
trailed switches being conditioned to operate ifs
corresponding switch to the normal or reverse
position as required for such trailing movement;
circuit means responsive to the manual opera-
tion of the manually operable device associated
with the exit point of a given one of said avail-
able routes for operating said trailed switches
in that route to positions in accordance with said
conditioning of their respective switch control
means and for operating the remaining switches
in the route to the normal or reverse position
as required to bring a train to such exit point;
and a circuit for clearing the signal for any one
of said routes including contacts closed only if
the manually operable devices for the entrance
and exit ends of that route have been operated
and also contacts closed only if all of the switches
in that route have been operated to positions
in accordance with the condition of their re-
spective switch control means.

9. In a switch and signal control system of the
character described for operating the track
switches and clearing the signals of a track lay-
out providing various routes through the track
layout between signal locations; a manually op-
erable device associated with each signal loca-
tion constituting an entering or an exit point
for one or more routes; a preselecting relay for
each switch of the track layout; a normal and
a reverse control relay for each of said switches;
an initiating circuit network for energizing said
preselecting relays and including contacts oper-
ated thereby, certain conductors of said network
being energized by the operation of a manually
operable device associated with the entrance end
of a given route to condition the preselecting re-
lays for those switches which would be trailed
by a train in moving from such entrance point
over any of the various routes through the track
layout originating at said entering point, an-
other completion circuit network energized by
manual operation of a device belonging to the
exit point of one of said various routes and en-
ergizing the normal or reverse control relay for
each of the trailed switches in that route de-
‘pendent upon the condition of said preselecting

5

15

20

25

30

&

‘40

45

50

60

70

75

31
relays, and also energizing the normal or reverse
control relays of the remaining switches in that
particular route to cause operation of such re-
maining switches to the positions required to
bring a train to such exit point; and means.re-
sponsive to the energization of certain switch
control relays of the switches involved in such
route for cancelling the conditioning of the pre-
selecting relays of such trailed switches as are
not involved in such route.

10. In a switch and sighal control system of
the entrance-exit type described; a track layout
having power operated track switches providing
various routes through such layout between sig-
nal locations; manually operable buttons asso-
ciated with the signal locations constituting en-
trance and exit points for a route through said
layout; a preselecting relay for each switch to
be energized for the normal position of that
switch and to be deenergized for the reverse po-
sition; a normal and a reverse control relay for
each switch; a circuit network for controlling the
energization of said preselecting relays compris-
ing with respect to each route, a circuit path en-
ergized in response to the operation of the but-
ton at the entrance end of said route and ex-
tending to the preselecting relay for the switch
which would be first encountered and trailed by

‘a train moving away from said entrance point,

said circuit path being connected to and ener-
gizing said preselecting relay if that switch
should be normal and being connected to a back
contact of said relay if said switch should be
reverse, another circuit path connected to the

5 first circuit path through the front or the back

contact of said preselecting relay for similarly
controlling the energization of the preselecting
relay for the switch that would be next encoun-
tered and trailed by such train movement, other
similar circuit paths for such other trailed
switches, each of said circuit paths connected to
and energizing a preselecting relay including a
back contact of the reverse control relay for the
corresponding trailed switch and a back contact
of the reverse control relay for any intervening
facing point switch over which a train must move
to reach said trailed switch, each of said cir-
cuit paths which are connected to a back con-
tact of a preselecting relay including a back con-
tact of the normal control relay for the corre-
sponding trailed switch, an exit relay receiving
current from the circuit paths belonging to said
route and energized by actuation of the button
for the exit point of said route, and completion
circuits energized upon energization of said exit
relay for energizing either the normal or the re-
verse control relay of each of said trailed switches
in accordance with the condition of its preselect~
ing relay and for also energizing either the nor-
mal or the reverse control relay for the other
switches in the route as required for train move-
ment over said route.

11. In a switch and sighal control system of
the character described for governing the op-
eration of power operated switches over a track
layout providing various routes between signal
locations, said system comprising with respect
to ‘any given route for one direction of train
movement over a facing point switch and a trail-
ing switch, an entrance button and an exit but-
ton associated with the signal locations consti-
tuting the entrance and: exit points of said route,
preselecting relay means for said trailed switch,
an initiating circuit energized by operation of
said entrance button for conditioning said pre-
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selecting relay means to conform with the po-
sition said trailed switch must assume for train
movement over said route, and a completion cir-
cuit energized upon operation of said exit but-
ton for operating said trailing switch to the po-
sition to conform with the condition of said pre-
selecting relay means and for also operating said
facing point switch to the position which it
should assume if a train should be considered as
trailing such switch in travelling from the exit
‘point toward the entrarnce point.

i2. In a switch control system of the charac-
ter -described for a track layout including cross-
overs operable to provide two optional routes
between common entrance and exii points and
one of such optional routes being preferred for
normal use; preselecting means for each cross-
over which, when energized, corresponds to a
particular position of that crossover and when
deenergized to the other position; manually op-
erable buttons associated with said entrance
and exit points; circuit means responsive to the
operation of the button for said common en-
france point for governing the energization of
Said preselecting means for the crossover more
remote from such entrance point in accordance
with the position required of that crossover for
g preferred one of said optional routes; means
for rendering said circuit means ineffective if
gaid preferred optional route is in conflict with
some established route, thereby conditioning
said preselecting means for said remote cross-
cver in accordance with -the position required
of that crossover for the other of said optional
routes; and means responsive to the operation
of the button for said common exit point for
cperating said remote crossover to a position in
accordance with the condition of its preselect-
ing means and for also operating said near cross-
over to the position required to establish the par-
ticular optional route for the operated position
_of said remote crossover.

13. In a switch and signal control system of
the character described for a railroad track lay-
out having two crossovers providing alternative
routes between common -entrance and exit
points; manually operable buttons. associated
with said entrance and exit points; two prese-
lecting relays for each crossover, one for each
track switeh of the crossover; normal and re-

verse control relays for each cross-over; and ini- .

tiating and completion circuit networks for con-
troiling the energization of said preselecting. re-
lays and said normal and reverse control relays
comprising with respect to said alternative routes
for one directicn of train movement, an initiat-
ing circuit path energized upon operation of the
button for the entrance end of said alternative
routes, for energizing the particular preselecting
relay for the track switch of the crossover re-
mote from said entrance end which would be
trailed in a predetermined position by a train
travelling over one of said routes to said exit end,
and a. ccempletion -circuit path energized. upon
actuation of the button for the exit end of said
alternative routes for energizing the normal or
the reverse contirol relay for said remote cross-
over dependent upon the energized or deener-
gized condition of said: particular preselecting
relay for the remote crossover and for also ener-
gizing the normal or reverse contrcl relay for
the near crossover to conform with the position it
should have for a train movement toward said
entrance end with said remote crossover in its
selected position, said initiating circuit path be-
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ing closed only if there is no route established in
conflict with the alternative route over said re-
mote crossover trailed in said predetermined
positien.

14. In a switch and signal control system of
the entrance-exit type governing train move-
ment in one direction over two adjoining por-
tions of track of a railrcad track layout having
power operated switches in said portions of track
and a signal at one end of each portion govern-
ing train movement in the same direction, a
manually operable entrance button associated
with the entrance end of each of said track por-
tions, a manually operable exit button associated
with the exit end of -each of said track portions,
route establishing means for governing the posi-
tion of the track switches for said track portions
and the clearing of the signals, said route estab-
lishing means comprising switch control and sig-
nal control relays and circuit means governing
the energization thereof, said circuit means in-
cludng an electro-responsive means and a circuit
path energized by the actuation of the entrance
and the exit buttons for the remote ends of said
track portions for governing the energization
of the switch control and signal control relays
of both of said track portions the same as if the
eantrance button and the exit button associated
with the adjoining ends of said track portions
had been manually operated, said electro-re-
sponsive means interrupting when energized said
circuif path and individually energizing the cir-

- eult means belonging to its track portion more
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reimote from the designated entrance end, and
means including a stick circuit for maintaining
said electro-responsive means energized until
g train passes the signal at the adjoining ends
of saig track portion. :

18. In a switch and signal control system of
the character described for a railroad track lay- -
out affording through routes over track switches
in two or more adjoining portions of track each
having a signal at the entrance thereof for gov-
erning train movement in the same direction
and certain of which signals may become an in-
termediate signal in some through route, manu-
ally operable entrance and exit buttons asso-
ciated with the signal locations of each of said
track portions, route establishing means for each
track portion operable to position the track
switches of that portion to provide a route or
part of a through route and govern the clear-
Ing of the signal for that track portion, means
responsive to the manual actuation of the en-
trance button and the exit button of any given
one of said track portions for rendering effective
said route establishing means for that track
portion, electro-responsive means associated with
each signal which may become an intermediate
signal in some through route and operable to
govern the route establishing means of the two
track portions terminating at such signal loca-
tion in the same way as if an entrance button
and an exit button for said adjoining track por-
ticns have been manually operated, and means
responsive to the actuation of the entrance and
exit buttons at any two signal locations for oper-
ating the electro-responsive means for the one
or more intervening signal locations and thereby
establishing a through route over two or more
track portions by the actuation of the entrance
and exit buttons at the ends thereof without
actuation of the buttons at the intervening sig-

‘nal locations.

16. In a switch and signal control system of
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the entrance-exit type described for establishing
routes through o railroad track layout by the
manugl operation of entrance and éxit buttons

associated with the signal Iocations at the ends

of said routes, sdid track layout providing through
routes over two or more adjoining portions of
track each having a sighal at an entrance end
governing train movement in the same direction,
route establishing means for each of said track
portions operable to position the track switches
in that portion and also governing the clearing of
the entrance signal for that track portion, &
manually operable device associated with each
signal location, and circuit means fesponsive to
the' manual actuation of the devices at any two
given entrance and exit signal locations- for gov-
erping the route establishing means for the one
or more’ track portions between the points with

which said actuated devices are associated,

whereby through routes including two or more
of said track portions may be established ahd the

entrance signal for such track portions cleared
by aetuation of the two devices belonging to the

remote ends of such through route’ as well as
routes individual to each grack portion.

17. In a switch and signal control system of
the character described for railway track layouts
including routes over track switches in two or
more adjoining portions of track each having a
signal at the entrance thereof for governing train
movement in the same direction, route establish-
ing means for each track portion including nor-
mal and reverse switch control relays and a cir-
cuit network for controlling the energization of
said relays; manually operable entrance and: exit

buttons associated with the ends of each of said

track portions, and means responsive to the ac-
tuation of & given entrance button and a given
exit button' for controlling the energization of
said circuit network to position the track swifches
in the ore or more track portions intervening
between the points with which. said given ef-
trance and exit- buttons aré associated, whereby
through routes includirg two or more of said
track portions may be éstablished by the actua-
tion of the buttons at the remote ends thereof
and: without actuation of the buttons for any
intervening signal location,

18. In a switch and signal control system of

the entrance-exit type for railroad track layouts !

having power operated switches movable to pro-
vide various routes, said layout having routes in
end-to-end  relation over two or more adjoining
portions of track between entrance and exit sig-
nal locations each of which track portions has a
signal at one end for governing train movenient
in' the same direction, a manually operable but-
tort associated with the entrance and exit sigrsl
locations for each of said track portions, switch
control and: signal ¢ontrel means associated with
each track portion and operable in response to
actuation of the buttons for the entrance and
exit signal locationy of that track portion to po-
sition the track switches therein as required to
establish the route over that track portion and
control the clearing of said signal at the entrance
thereof, and means respondive to the operation
of the button for any given entrance signal lo-
cation and the butfon for any given exit signal

location for governing the switch control and 7

signal control means for the one or more track
portions intervening between the points with
which' said buttous are associsted, whereby
through routes: including the routes over two or
more track portions may be establisied by the
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manual actuation of the two buttons for the re-
mote ends thereof as well as routes for said track
portions individually; as may be des1red by the
operator.

19. In a switch and signal control system of the
entrance-exit type for -railroad track layouts
having power operated switches operable to dif-
ferent positions to establish various routes over
various portions of track through said track lay-
out, said track layout including through routes
over one or more adjoining portions of track each
constituting an interlocked group and having a
signal at one end thereof governing train move-
ment in the same direction, manually operable
buttons located on a track didgram of said lay-
ot adjacent said signal locations, route estab-
lishing means for each of said track portions in-
cluding a normdl and a reverse switch control
reldy for each switch and a circuit network for
the energization of said relays, the parts of said
circuit network belonging to a given track por-
tion beihg energized by the actuation of the en-
trance and exit buttons at the ends of that track
portion, and means-including circuits connecting
thé networks of adjoining interlocked groups and
responsive including circuits connecting the net-
works: of adjoining interlocked groups and to the
actuation of the entrarnce and exit buttons at the
remote ends of two or more adjoining track por-
tions for governing the energization of said net-
works of said track portions the same as if the
buttohs for the one or more intervening signal
locatiohs had also been actuated, whereby
through rotutes over two or more of said track

5 portions may be established at will by the actua=

tion of the entrance and exit buttons for the re-
mote ends thereof and without manual actuation
of the:buttons for any intervening signal location.

20. In' a switch and signal control system of
the entrance-exit type for track layouts including
stretches of track and track switches to provide
two or more adjoining portions of track in end-
to-end relation with signals at the entrance ends
of said track portions governing train movement
in the same direction, a manually operable device
located on a track diagram of said track layout
adjacent each of said signal locations, route es-
tablishing means for each track portion respon-
sive to the operation of the two devices associated
with the entrarice and exit signal locations of
said track portion for governing the positioning
of all of the track switches in that portion and
the clearing of the signal of that track portion,
and means responsive to the operation of said
devices at the remote ends of two or more ad-
joining track portions for governing the route
establishing means- of said track portions in the
same way as if the devices for the one or more
intervening signal locations had been manually
operated;. whereby in addition to establishing a
route over ahy one of said track portions individ-
ually by .the manual actuation of the devices at
the ends thereof, through routes over said ad=
joining track - portions may be established . by
manual actuation of said devices at the remote
ends of such through routes and without manual
operation of the devices for any intermediate
signal location.

21. In. a switch and. signal control system of
the entrance-exit: type described for track lay-
outs hHaving power operated track switches and
signals governing train movement over various
routes: through said track layout, said track lay-
out-including two or more adjoining portions of
track with a signal at the entrance to each por-
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tion governing train movement in the same di-
rection; manually operable entrance and exit
buttons associated with the ends of said track
portions; route establishing means for each track
portion operable to position the track switches
of that portion and govern the clearing of the
signals thereof, said route establishing means in-
cluding initiating and completion circuit paths
for each direction of train movement; means re-
sponsive to the operation of an entrance button
for energizing the initiating circuit paths for at
least the corresponding track portion, said ini-
tiating circuit paths for said track portions be-
ing normally connected so that the actuation of
a given entrance button causes energization of
the initiating circuit paths for two or more track
portions; means responsive to the operation of
an exit button at the end of the given one of
said track portions for energizing the completion
circuit path for that track portion and for in-
terrupting such normal connection between the
initiating circuit paths of that track portion and
the adjoining track portion; and means respon-
sive to the energization of the completion circuit

paths of one track portion for energizing the 2;

completion circuit paths for an adjoining track
portion the same as if the exit button thereof
had been manually operated only if a through
route is being established over such adjoining
track portion; whereby a through route includ-
ing two or more of said frack portions may be
established by actuation of the entrance and exit
buttons at the ends of such through route and
without manual actuation of the intervening
buttons. :

22. In an interlocking system for railroads, a
first signal at one end of a track layout for gov-
erning the movement of traffic over a first por-
tion of a traffic route through said layout, a sec-
ond signal at an intermediate point in said route
for governing the movement of traffic in the
same direction over a second portion of said
route, manually operable devices for each end
of the route and for said intermediate point,
route control means responsive to the joint op-
eration of the devices for the two ends of the
route only to establish said route and to clear
both said signals, means responsive to the joint
operation of the devices for the two ends of the

first portion of the route fo establish the first 5

portion of said route and to clear said first sig-
nal, and means responsive to the joint operation
of the devices for the two ends of the second
portion of the route to establish said second por-
tion and to clear said second signal.

23. In a switch and signal control system of
the entrance-exit type for a railroad track lay-
out having power operated switch points mov-
able to provide various routes between signal lo-
cations, said layout having adjoining routes over
two adjoining track portions, and said track por-
tions having a signal at corresponding ends for
governing train movement in the same direction,
manually operable buttons for the ends of said
track portions and associated with the signal lo-
cations, and route establishing means responsive
to the operation of the buttons for the opposite
ends of either of said track portions for govern-
ing the track switch points to set up a route over

the corresponding track portion and clearing a -

signal at the entrance end of such track portion,
said route establishing means also responding to
the operation of the buttons at the extreme.ends
of said two track portions for governing the track
switches in bofh said track portions to set up a
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through route over both track portions and
clearing the signals at the corresponding ends
of both track portions, whereby a through route
including two track portions may be established
by the manual actuation of the buttons for the
remote ends thereof without manual operation
for an intermediate point as well as providing for
the establishment of routes individual to the
track portions between any two signal locations
as may be desired by the operator.

24. In a switch and signal control system of
the entrance-exit type for a railroad track lay--
out having power operated track switches mov-
able to provide various routes, said layout includ-
ing at least two adjoining track portions having
signals at corresponding ends for governing train
movement in the same direction, a control panel
having a miniature track diagram of said track
layout located thereon, manually operable but-
tons on said control panel for the ends of each
of said two adjoining track portions, route es-
tablishing means for each of said track portions,
each of said route establishing means being re-
sponsive to the joint operation of the bufttons at
the opposite ends of its track portion only for
governing the track switches in that portion and
clearing the signal at the entrance thereof,
through route circuit means interconnecting said
route establishing means for said two track por-
tions to render both of said route establishing
means responsive to the joint operation of the
buttons alone for the remote ends of said two
track portions for governing the track switches
in their respective track portions and to clear
the signal at corresponding ends for allowing
train movement through both of said track por-
tions, and relay means controlled by the opera-
tion of both said route establishing means in
response to the operation of the buttons at the
remote ends of said two track portions for acting
on said through route circuit means to isolate
said two route establishing means.

25. In an interlocking control system, a track
layout including parallel tracks interconnected
by track switches adapted to form different traf-
fic routes, entrance and exit buttons for the ends
of the routes, preliminary and final route select-
ing circuits for each route, contacts for control-
ling said circuits including a contact controlled
by each entrance button for energizing the pre-
liminary circuits for each available route having
its entrance end marked by such button, a con-
tact controlled by each button marking the exit
end of a route having its preliminary selecting
circuits closed for energizing the final selecting
circuits for such route, relays governed by said
energized preliminary circuits to open contacts
controlling the preliminary selecting circuits for
conflicting routes having different entrance ends,
relays governed by the energized final selecting
circuits for opening contacts controlling the pre-
liminary selecting circuits for conflicting routes
having different exit ends, and means controlled
by said energized final selecting circuits for op-
erating the track switches as required to estab-
lish the corresponding route. '

26. In an interlocking control system, a track
layout including parallel tracks interconnected
by track switches adapted to form different traf-
fic routes, freely movable entrance and exit but-
tons for the ends of the routes, a preliminary
and a final electro-responsive route selector for
each route, contacts controlled by said selectors
in circuits controlling selectors for conflicting
routes, means controlled by each entrance but-
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ton: for energizihg: the preliminary selector for
each gvdilable route having its entrance end
marked by such button, means controlled joinfly
by each button -marking the exit end of a-route
having its preliminary selector energized and by
such selector for energizing the final selector for
such’ route, means controlled by ah energized
preliminary selector for opening said contacts.
in- circuits controlling selectors for conflicting

routes having different” entrance ends, means.

controlled by said. energized final selector for

opening said contacts in circuits controlling. the:

preliminary selectors for conflicting routes: hav-
ing different exit ends, and relay means asso-
ciated with each. switcli and responsive ¢ the:

energization of said final selector for operating

the' corresponding track switches as required ‘to:
establish the corresponding route.

27. In an interlocking control system, a track
layout including parallel tracks interconnected
by track switches adapted to form different traf-
fic routes, entrance and exit buttons for the
ends of the routes, a preliminary and a final se-
lector for said routes each comprising a plurality
of tandem-connected relays, said final selector
including one relay for each switch of each route,
a circuit for each such relay including back con-
tacts of relays for confiicting routes, means con-
trolled by each entrance button for energizing
those preliminary selector relays associated with
each available route having its entrance end
marked by said button to thereby open said con=
tacts in the circuits for conflicting routes having
different enfrance ends, relay means controlled
by ths energized: preliminary selector of one such
available route and by the button marking the
exit end of that route for energizing the final
selector relays for such route to open the back
contacts of such relays to thereby release the

energized relays for routes having different exit 4

ends, and means contrelled- by each energized
final selector relay for operating the correspond-
ing- track switch as required to- establish the
correspoending route.

28. In an interlocking control system, a track

layout including wparallel tracks interconnected-

by track switches adapted to form different. traf-
fic routes, entrance and exit buttons for the
ends of the routfes, a: preliminary and. s final
electro-responsive. route selector for each route,
means controlled by each button marking the
entrance end of a route for energizing the pre-
liminary selector for such route, means controlled
jointly by each button marking the exit end. of
a route having its preliminary selector energized
and by such selector for energizing the final
selector for such route, circuits including con-
tacts which open when said selectors are: ener-
gized for controlling selectors for conflicting
routes, and means ccntrolled by each final se-
lector for operating the track switches as re-
quired. to establish the corresponding route.

29. In an interlocking control system, s track

layout including a plurality of track switches.

adapted to be arranged to form different trafiic
routes including two alternative routes between.
the same route -ends, a- route button for each
route. end, an electro-responsive route selector
including a circuit for each. route, means respon-
sive to the operation of a button for applying en-
ergy to the selector circuit for each route hav-
ing one end marked by such buiton, said electro-
responsive route selector being normally respon-
sive to the operation of the button at one end
of said alternative routes to energize the selector
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cireuit: for oné of said-alternative.routes and to
open: the . selector circuit' for the other alfer-
native route, means résponsive to the subsequent
operation of the button for the other end of &
selected roufe for opening-all of said selector
circuits. except the one for the selected route
gnd. for operating the frack switches as required
for’ the roube, and selecting means for at times
preverting the energization of. said selector. cir-
cuit for said one alternative route to thereby’
permit the energization of the selector circuit for
the ofther in response to the operation. of the
button gt one end of said routes.

30. In' an interlocking control system, a track:
layout including a plurality of track switches:
adapted to be arranged to form different traffic
reufes ineluding two alternative routes between
the ‘same. route ends, a route bufton for each:
route end, an electro-responsive route selector

- including a circuit’ for each route, means re-

sponsive to the operation of a button for apply-
ing energy to the selector circuit for each route
having one end marked by such  button, said:
electro-responsive route selector being normally

. effective when a button at one end of said alter

native routes is operated to cause the energiza-:
tion of the selecter circuit for one of said alter-:
native routes and to open the selector circuit:
for the other alfternative route, means respon=
sive to the subsequent operation of the button
for the other end of a selected route for opening
all -of -said -selector circuits: except the one for
the selected route and for operating the track
switches as required for the route, and manu-
ally controllable selecting means effective when
operated to prevent the energization of the se-
lector circuit for said- one alternative route to
thereby permit the energization of the selector
circuit- for the other in-response to the operation:

» of-the button at one end of said routes.

31. A switch and -signal control system of the
entrance-exit type for governing the power oper=-
ation of switches to-establish routes over g track
layout. comprising, a control panel having thereon

5 a miniature track diagram of the track layout;

freely movable manual control devices: associated
with points on said track diagram correspond-
ing to signal locations and operable to desig-
nate said signal locations as the entrance or exit-
ends of routes, initiating circuit means energized
by -the operation of a manual contro] device to-
designate any given entrance signal location for
breselecting the position- of the trailed switches
included in 21l of the establishable routes orig-

_inating at that entrance signal location, and.

completion: circuit- means responsive to the sub=
sequent. actuation- of g manual control device
to designate the exit signal location of a- par-
ticular one of said routes for controlling power
operation: of switches.dependent upon the initiat~
ing- circuits energized and thereby establishing
said route and.for st the same time deenergizing’
the initiating circuits relating to all other routes:
originating at the same entrance signal location.

32.°A switch and signal control system of the:

" eritranée-exit. type for governing the operation

of p'cwer.—opexﬁated switch-points of a railway
track. layout. to. set up different routes for train:
movement.over the-track layout, comprising free=

70 ly movable manual control devices associated with

the signal locations. constituting entrance or exit
ends .of such- routes, route establishing means
including initiating circuits and compietion cir-
cuits for the energization of relay means to cause

- o'p.eratiyonnof switehes to different. positions as may:
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be required to establish -the various routes
through the track layout, said route establishing
means acting in response to the actuation of a
manual control device to designate any given
entrance signal location to energize those initiat-
ing circuits which relate to the positions of
switches -included in the various establishable
routes originating at said entrance signal location,
said route establishing means acting in response
to the subsequent actuation of a manual control
device to designate the exit end of a particular
one of said routes to energize certain of said
completion circuits dependent upon the energized
initiating circuit, said energization of said com-
pletion circuits acting to cause operation of ap-
propriate switches to the proper positions to es~
tablish that particular route and at the same time
to deenergize the initiating circuits relating to all
other routes originating at the same entrance sig-
nal location, and signal clearing circuits one for
each signal closed at one point in response to
the actuation of a manual control device to des-
ignate the corresponding sighal location as the
entrance end of some route and completely closed
to clear the signal only if all of the switch points
in some route originating at that signal are in
normal or reverse positiong corresponding with
the control then exercised by said route establish-~
ing means.

.233. A switch and signal control system of the
entrance-exit type for governing the power oper-
ation of switches to establish routes over a rail-
way track layout comprising, freely movable
manual control devices for designating the en-
trance and exit . signal locations of the track
layout, route establishing means responding to
the operation of a manual control device to
designate any given entrance signal location to
preselect the position of the trailed switches in
the various routes originating at the correspond-
ing entrance signal location, said route establish-
ing means acting upon the subsequent actuation
of a manual control device to designate the exit
end of a particular one of said routes to govern
the operation of the appropriate switches in ac-
cordance with such preselecting operation to es-
tablish that route, track circuits for the track
layout and associated relay means governed
thereby for preventing power operation of each

switch in a route while a train is passing over.

or approaching said switch in traversing the
route, and means for preventing a manipulation
of manual control devices tending to change the
position of switches in a route occupied by a
train and occurring while said train is present
from being effective to precondition said switches

for operation to different positions after the

train has passed over said switches.

34. In a switch and signal control system of
the entrance-exit type, manual control devices
operable to designate entrance and exit signal
locations and including a normally open self-
restoring exit contact associated with each exit
signal location, initiating means responsive to
the operation -of a manual control device to
designate any given entrance signal location for
preselecting the position of trailed switches in-
cluded in all of the establishable routes origi-
nating at that entrance signal location, comple-
tion means responsive to the subsequent manual
closing of an exit contact for the exit end of a
particular one of said routes for controlling the
power operation of switches dependent upon
such preselecting operation to establish that
route, and means responsive to the closing of an
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exit contact for maintaining said completion
means effective independently of the restoration
of said exit confact.

35. A switch and signal control system of the
entrance-exit type for governing the operation
of power-operated track switches of a railway
track layout, comprising a control panel having
thereon a miniature track diagram of the track
layout, freely movable butions associated with
the points on said diagram corresponding with
entrance and exit signal locations of the track
layout for governing the manual closing of en-
trance and exit contacts, each exit contact being
automatically restored to normal after each
manual closing thereof, route establishing means
responsive to the closing of an entrance contact
for preselecting the position of switches in-
cluded in the various.establishable routes origi-
nating at the corresponding entrance signal lo-
cation and for supplying an operating potential
to render effective the manual closing of exit
contacts belonging to the exit ends of said
routes, said route establishing means including
completion means responsive to the closing of an
exit contact for a particular one of said estab-
lishable routes for operating switches dependent
upon said preselecting operation to establish
that route, said completion means including re-
lay means energized by the closing of said exit
contact for providing a shunt for said exit con-
tact, whereby said route establishing means is
maintained effective independently of the res-
toration of said exit contact.

36. A switch and signal control system of the
entrance-exit type for governing the power
operation of switches of a railway track layout
affording various routes between entrance and
exit signal locations, including a plurality of
alternative routes between common entrance and
exib signal locations comprising, manual control
devices operable to designate signal locations as
the entrance and exit ends of routes, and route
establishing means responsive to the operation
of the manual control devices to designate the
entrance and exit signal locations of any given
route for causing power operation of the ap-
propriate switches to the proper positions to
provide that route, said route establishing means
including means responsive to the actuation
alone of the manual control device to designate
the common enfrance signal location of said
alternative routes for automatically selecting the
one of said alternative routes to be established
upon actuation of the manual control device to
designate the common exit signal location of said
alternative routes.

37. An entrance-exit type of switch and signal
control system for track layouts which includes
an arrangement of switches affording a plurality
of alternative routes between the same common
entrance and exit signal locations comprising,
freely movable buttons operable to designate
entrance and exit signal locations of the various
routes of the track layout, route establishing
means operable to establish any given route by
preselecting the position of certain switches in
response to the actuation of a button to desig-
nate the entrance signal location of the route
and operating switches in accordance with such
preselecting in response to the actuation of a
button to designate the exit signal location of
that route, the actuation of a button to designate
the common. entrance signal location for said
alternative routes acting to preselect a switch
required to be in different positions for said



9,065,240

alternative routes for operation to one predeter-
mined position in preference. to the .other posi-
tion, such preselection being effective .only if the
alternative route including said switch in said
predetermined position is not in conflict: with
some established route, whereby  alternative
routes are automatically selected one at a time
in a predetermined order of preference. and
dependent upon conflict of the respective .alter-
native routes with other routes then established.

38. In an entrance-exit type of switch and
signal control system for track layouts including
a plurality of alternative routes between com-
mon entrance and exit signal locations, route
establishing means operable to establish routes
over the track layout in response to the actua-
tion of manual control devices to designate the
entrance and exit signal locations of such routes,
route establishing means including contact
means responsive to the actuation of a manual
control device alone to designate the common
entrance signal location of said alternative
routes to condition said route establishing means
to act so as to establish only one of said-alterna-
tive routes without race or conflict in the energi-
zation of relays in response to the actuation of
a manual control device to designate the common
exit end of said alternative routes, said contact
means acting to select a predetermined superior
one of said alternative routes if it is not in con-
flict with some other route then established by
the route establishing means and to select autoe-
matically another one of said alternative routes
if such conflict exists.

39. An entrance-exit type of switch eontrol
system for track layouts affording alternative
routes between common entrance and eXit signal
locations comprising, freely movable buttons
manuslly - operable to desighate said common
entrance and exit signal locations, route estab-
lishing ‘meang governed by said buttons for
controlling the power operation of the switches
included in said alternative routes, said route
establishing means including a preselecting relay
for each switch required to be in different posi-
tions for different alternative routes, initiating
circuit means energized by the operation of a
button to designate said common entrance signal
location for energizing the preselecting relay of
each switch in said alternative routes disposed
‘in trailing relation in its normal position to said
entrance signal loecation, only if that part of a
route for train movement frem said common
entrance gignal location to and over the cor-
responding switch in its normal position is not
in conflict with some other established route, said
route establishing means acting in response to
the operation of the exit buttons for the com-
mon exit signal location of said alternative routes
to cause operation of the switch or switches in
accordance with the energized or non-energized
condition of the corresponding preselecting relay,
whereby 'a particular one of -said alternative
routes is automatically selected and established
by entrance and exit button manipulation in
accordance with a predetermined order of prefer-
ence and dependent upon conflict of the respec-
tive alternative routes with other routes then
established.

40. A switch and signal control system of the
entrance-exit type for railway-track layouts in-
cluding one or more switches - disposed in a
trailing relation to an entrance signal location
and operable to different positions to provide
different alternative routes from said enfrance
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.signal Jocation to & cominon exit signal-location,
manually operable buttons for closing entrance
and exit contacts .associated with said entrance
and exit signal ilocafions, preselecting relay
‘means for each of said switches, initiating .cir-
cuit means rendered effective by .closing of said

-entrance contact for controlling said preselecting

-relay  means. t0. preselect the corresponding
switch: for operation: to one predetermined posi~
-tion in preference to the other position, provided
that part.ef a route for-train movement from said
-entrance signal lecation to and over the cor-
responding .switch in-said predetermined posi-
tion is not in conflict with some other route then
established, said. preselecting means acting fo
Ppreselect.said other position of the switch if .said
initiating circuit means is not effective on ac-
count. of such conflict, and means responsive to
the -subsequent closing. of said -exit contact for
-operating. said switch or switches in accordance
with the :condition of the correspondinng pre-
seleeting relay means, whereby the alternative
routes are -automatically .selected. in a. predeter-
mined. order of ‘preference and dependent upon
-conflict of the respective .alternative routes with
-other troutes then .established.

41, In a switeh and -signal control system of
the -entrance~exit type for track layouts afford-
ing-ene-or more through routes over two.adjoin-
ing interlocked groups past one or more inter-
‘mediate signal locations, said system comprising
‘manual control devices for designating the sig-
nal locations of said track layout to constitute
the- entrance -or . exit ends of desired routes or
threugh routes, route establishing means for each
of said interlocked groups fo set up the different
routes between the signal:locations of that group,
circuit means responsive to the actuation of a
manual -control device to designate any given.en-
trance signal location to prepare for operation
-said route establishing means for those of said
interlocked groups involved in any through route
originating ab said entrance signal location, the
actuation of a -manual control device to designate
‘the exit signal location -of a particular one of
said through routes rendering the route estab-
lishing means of the remote group effective to es-
tablish a route through that group to-the en-
trance signal thereof constituting an intermedi-
ate signal in that particular through route, elec~
tro-responsive means associated with each inter-
mediate signal location and responding to the
establishment of a route from that signal loca-
tion through the remote interlocked group to
control the clearing of that signal and to exer-
cise a control on the route establishﬁmeans of
the adjoining interlocked group the same as if

-the manual control device for such intermediate

signal location had been -operated.

42.- A switch and. signal control system of the
entrance-exit, type for governing the power oper-
ation of switches and the clearing of signals of
a railway-track layout including a. plurality of
interlocked groups and- affording through routes
over adjoining interlocked groups past one or

-more intermediate signal locations, said system

comprising manual control devices operable to
designate the signal locations of said track layout
as the entrance ends or the exit ends of desired
routes, route establishing means: associated with
each inferlocked group and including relays con-
trolling the operated position of the switches and

- the clearing of the signals fo. provide routes for

train movement over that interlocked group be-
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tween entrance and exit signal locations thereof,
circuit means responsive to the operation of a
manual control device to designate any given en-
trance signal location for rendering effective the
actuation of only those manual control devices
to designate the exit signal location of some es-
tablishable route or through route over the track
layout originating at said entrance signal loca-
-tion, ‘said circuit means also rendering efiec-
tive said route establishing means associated with
those interlocked groups involving said estab-
lishable routes to be operated when an exit func-
tion is performed for that interlocked group and
establish a route over that interlocked group
connecting with said designated entrance signal
location, the operation of a manual control de-
vice to designate the:exit signal location of a
through route over two or more interlocked
groups governing the roufe. establishing means
.of the remote interlocked group to establish the
route connecting with the signal location of that
interlocked group constituting an intermediate
signal location in said through route, electro-
responsive means associated with said intermedi-
ate signal location and responsive to said opera-
tion of said route. establishing means of said re-
mote interlocked group to perform entrance and
exit functions for controlling the clearing of the
signal for said route over said remote interlocked
group .and. also for governing the route estab-
lishing means for the adjoining interlocked group
to establish a route over that interlocked group,
said operation being repeated for other inter-
mediate signal locations if any in the through
route, whereby a through route may he estab-
lished over a plurality of interlocked groups and
the intermediate signals controlled to assume the
clear conditions merely by the actuation of man-
ual control devices to designate the extreme en~
trance and exit ends of said through route and
without. manipulation of manual control devices
associated with the intermediate signal locations
of said through route.

43. A switch and signal control system of the
entrance-exit type for track layouts affording one
.or more through routes over two adjoining inter-
locked groups past one or more intermediate sig-
.nal locations, said system comprising manually
operable buttons for designating the signal loca-

tions of said track layout to constitute the en- :

trance or exit ends of a desired route or through
route, preselecting circuit means energized in re-
spornse to the actuation of a button to designate
any given entrance signal location for preselect-
ing the position of the trailed switches included
in any establishable route originating at said sig-
nal location, and also preselecting the position of
“the trailed switches in the remote interlocked
group involved in a through route originating at
said entrance signal location, route completion
“means responding to the operation of a button
“to designate the exit end of a through route only
if ‘said preselecting circuit means is effective for
‘that through route for governing the operation
of the switches in the associated remote inter-
locked group in accordance with such preselect-
ing operation to establish a route through that
interlocked group connecting to an entrance sig-
nal thereof constituting an intermediate signal
location in said through route, and electro-re-
sponsive means associated with said intermediate
signal location and responding to the completion
of a route from that signal location through the
.remote interlocked group to control the clearing
- of the signal at that location and to exercise an
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-exit control upon the route completion means of
the near adjoining interlocked group, the opera-
tion of the route completion means to establish a
route through each interlocked group rendering
ineffective the preselecting circuit means for all
other routes originating at the same entrance and
intermediate signal locations.

44, A switch and signal control system of the
entrance-exit type for track layouts affording
one or more through routes over a plurality of
adjoining interlocked groups past one or more
intermediate signal locations, said system com-
prising manually operable buttons for designat-
ing the signal locations of said track layout as
the entrance and exit ends of a desired route or
through route, initiating circuit means associated
with each interlocked group and energized by the
operation of a button to designate any given en-
trance signal location of that interlocked group
for preselecting the position of the trailed
switches in all of the establishable routes crig-
inating at that signal location, circuit connec-
tions associated with each signal location which
may become an intermediate signal location in
some through route for connecting the initiating
circuit means for the corresponding adjoining
interlocked groups, whereby operation of the but-
ton to designate the entrance signal location of
one or more through routes pre-selects the posi-
tion of the trailed switches in the various inter-
locked groups involved in such through routes,
means for rendering ineffective said circuit con-
nections at an intermediate signal location when
that signal location constitutes the entrance or
exit end of an established route, completion cir-
cuit means for each interlocked group effective
upon designation of an exit signal location there-
of only if said initiating circuit means is effective
for a route terminating at that exit signal loca-
tion for governing the operation of the switches
to establish a route over that interlocked group
dependent upon the position of switches pre-
selected by the initiating circuits energized, the
operation of said completion circuit means to
establish such a route rendering ineffective the
initiating circuits relating to all other routes
originating at the same entrance signal location,
and means responsive to the completion of a
route of an interlocked group from an entrance
signal location thereof for exercising an exit con-
trol for the corresponding signal location upon
the completion circuit means of the adjoining
interlocked group, provided buttons have not been
manually actuated to designate that signal loca-
tion as the entrance or exit end of a route.

45. In a switch and signal control system of
the entrance-exit type described for track layouts
having power operated track switches and sig-
nals for governing train movement over various
routes afforded by said track layout, said track
layout including two or more adjoining inter-
locked groups affording through routes past one
or more intermediate signal locations, said sys-
tem comprising route establishing means for each
interlocked group operable to position the track
switches of that interlocked group and govern
the clearing of entrance signals thereof, manually
operable entrance and exit buttons for governing
said route establishing means, said route estab-
lishing means including a network of initiating
circuits energized by the operation of entrance
buttons alone and completion circuits controlled
by the operation of exit buttons for controlling
the operation of the track switches in accord-
ance with the energized condition of said initiat-
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‘ing circuits, means for controlling the continuity
of said initiating circuits to supply current to
points of the network corresponding with the lo~
cations of switches in the track layout only if
a path for train nmiovement from the designated
entrance signal location to the respective switch
location is afforded by the track layout and is
not in conflict with some route then established,
circuit connections associated with each signal
location which may become an intermediate sig-~
nal location in some through route.for normally
connecting the initiating circuits for adjoining
interlocked groups whereby operation of an en-
trance button may energize the initiating circuits
for a plurality of interlocked groups involving the
yvarious through routes originating at the corre-
sponding entrance signal location, and means re-
sponsive to the energization of completion cir-
cuits to establish a route over an interlocked
group to an entrance signal location thereof and
effective only if that signal location has not been
made the enfrance or exit end of some route by
previcus operation of the associated entrance
or exit button for energizing the completion cir-
cuits for the next adjoining interlocked group in
the same way as if the corresponding exit button
had been manually operated, whereby a through
route including two or more interlocked groups
may be established by the actuation of the en-
trance and exit buttons at the extreme ends of
such through route and without manual actua-
tion of the buttons for intervening intermediate
signal locations.

46. A switch and signal control system of the
entrance-exit type for track laycutls affording
one or more through routes over a plurality of
successive interlocked groups past cne or more
intermediate signal locations, said system com-
prising freely movable buttons manually oper-
able to designate entrance and exit ends of a
desired route or through route, route establishing
means for each interlocked group operable to
position the track switches thereof to set up
routes and govern the clearing of entrance sig-
nals for such routes, circuit means responsive to
the actuation of an entrance button for the en-
trance end of any through route for preparing
the route establishing means of the interlocked
groups involved in that through route for opera-
tion when an exit centrol for the corresponding
interlocked group exists, means for rendering
said circuit means ineffective with respect to
those routes past an intermediate signal location
when any route terminating at that signal loca-
tion is established or occupied by a frain, and
through route control means associated with
each signal Iocation which'may become an inter-
mediate signal in some through route and re-
sponsive to the establishing of a route over the
interlocked group over which that signal governs
train mcvement for controlling the clearing of
that signal and for governing the route establish-
ing means of the next adjoining interlocked
group in the same way as if a button had been
operated to designate the location of that signal
as. the exit end of a route over said adjoining
interlocked group, whereby the actuation of an
exit button for a through route causes opera-
tion of the route establishing means for the
remote interlocked group to establish a route
connecting {o an entrance signal thereof and also
governs the through route control means at that
signal to cause operation of the route establish-
ing means for the next adjoining interlocked
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and through route control means of other inter-
locked groups if any, until the complete through
route is established and each intermediate signal
is controlled to assume its clear condition.

47. In a switch and signal control system. of
the character described for governing the posi-
tion of power-operated track switches and the
clearing of signals for a railway track layout
including one or more interlocked groups .and
affording one or more through routes past one
or more intermediate signals, said system com-
prising manually operable buttons for actuating
entrance and exit contacts to designate the sighal
locations of said track layout as the entrance or
exit ends of some desired route or through route,
route establishing means operated in response
o the actuation of entrance and exit contacts
of any given route or through route for govern-
ing the position of the track switches in one or
more interlocked groups to establish that route

.and control the clearing of an entrance signal

and each intermediate signal if any for that
route, and electro-responsive means. associated
with each intermediate signal location and re-
sponsive to the operation of said route establish-
ing means to-provide a route originating at that
signal location for closing circuits for shunting
the corresponding entrance and exit.contacts and
thereby control the route establishing means in
the same way as if said entrance and exit con~
tacts had been manually operated, said electro-
responsive means being- ineffective if the corre-
sponding entrance and exit contacts had been
previously actuated manually.

48. A switch and signal control system of the
entrance-exit type for track layouts affording one
or more through reutes over successive inter-
locked groups past one or more intermediate
signals comprising, buttons associated with the
signal locations of the track layout and adapted
to be manipulated to actuate entrance and exit
contacts to designate the corresponding signal
location as the entrance or the exit end of a
desired route, route establishing means responsive
to the actuation of entrance and exit contacts
of different interlocked groups for governing the
power operation of the switches in said inter-
locked groups and intervening interlocked groups
if any and for controlling the clearing of the
entrance signal and each intermediate signal in
the through route between the signal locations
corresponding to the entrance and exit con-
tacts actuated, said route  establishing means
including circuit connections associated with
each signal location which may become an in-
termediate signal location in some through route
for permitting said route establishing means to
set up a through route past that intermediate
signal location, and means including directional
stick relays controlled by track circuits and ren-
dered effective upon clearing of a signal at the
entrance to a route established over an inter-
locked group for interrupting said circuit con-
nections if any associated with the signal loca~
tion of that interlocked group constituting the
exit end of said route.

49. A switch and signal control system of the
entrance-exit type for track layouts affording
one.or more through routes over successive inter-
locked groups past one or more intermediate
signal locations comprising, manually operable
control devices associated with the signal loca-

‘tions of said track layout ahd operable to desig-

nate said signal locations as the entrance or exit
ends of some desired route, a signal confrol re-
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‘1ay for each intermediate signal, route establish-
ing means responsive to the operation of manual
‘control devices to designate the entrance and
exit ends of any given route or through route
for governing the operation of the switches in
the one or more interlocked groups involved to
positions required for that route and for ener-
gizing the signal control relay for each inter-
mediate signal of that route, a signal clearing
circuit for each intermediate signal closed only
if the corresponding signal control relay is ener-
gized and all of the switches in some route
originating at the corresponding entrance signal
location are operated to positions to correspond
with the control then being exercised by said
route establishing means, track circuit controlled
means-for maintaining a signal control relay for
each intermediate signal energized until a train
passes that signal, and means for deenergizing
each signal control relay in response to the
manipulation of the corresponding manual con-
trol device.

50. A switch and signal control system of the
entrance-exit type for track layouts including a
plurality of interlocked groups and affording one
or more through routes past one or more inter-
mediate signals comprising, buttons manually
operable to designate the signal locations of said
track layout as the entrance or exit ends of some
desired roufe, route establishing means respon-
sive to the operation of said buttons for the
entrance and exit ends of any given route or
through route for establishing that route over
one or more interlocked groups and for control-
ling the clearing of one or more signals in said
route, said route establishing means including
relay means associated with the various switches
and initiating circuits for governing the selective
energization of said relay means, the operation
of a button to designafe any given entrance sig-
nal location acting to energize certain initiating
circuits to cause energization of said relay means
associated with those trailed switches in one or
more interlocked groups included in some es-
tablishable route or through route originating
at said entrance signal location, the initiating
circuits for energizing the relay means for any
given trailed switch being effective only if some
path for train movement from the designated en-
trance signal location up to that switch is avail-
able and not in conflict with some route then
established, and means for interrupting said
initiating circuits relating to routes past an in-
termediate signal location when a route termi-
nating at that signal location is occupied by a
train.

51. A switch and signal control system of the
type described for governing the power opera-
tion of switches and the clearing of signals of a
railway track layout including a plurality of in-
terlocked groups and affording two alternative
through routes between common entrance and
exit signal locations of different interlocked
groups past different intermediate signal loca-
tions, said system comprising freely movable but-
tons manually operable to designate the signal
‘locations of said track layout as the entrance
or exit ends of a desired route or through route,
and route establishing means responsive to the
operation of buttons to designate the common
entrance and exit signal locations of said alter-
native through routes for governing operation
of the switches in said different interlocked
groups to positions required to establish a su-
perior one of said alternative routes in preference
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to the other and for controlling the clearing of
the signal at each intermediate signal location
in said superior alternative route, said route es-
tablishing means acting automatically to estab-
lish the other of said alternative through routes
and clearing each of the intermediate signals
therein if said superior alternative through route
is in conflict with any established route in any
interlocked group.

52, In a switch and signal control system of
the entrance-exit type, a track layout including
at least two interlocked groups with power-op-
erated track switches to set up different routes
between the signal locations of such group and
also to afford through routes including at least
two or more alternative through routes over said
interlocked groups past different intermediate
signal locations, manual control devices for said
signal locations for designating such locations as
the entrance or exit ends of the desired routes
or through routes, initiating circuit means ren-
dered eflective upon the actuation of a manual
control device to designate an entrance signal
location to preselect the position of the. trailed
switches in all through routes originating at said
entrance signal location, said initiating circuit
means acting to preselect the normal position
in preference to the reverse position in the case
of those trailed switches which may be in either
position for said alternative through routes and
thereby preselect a predetermined one of said
alternative through routes, completion circuit
means rendered effective upon the actuation of
a manual control device to designate the exit end
of a particular one of said through routes to
cause the power operation of said track switches
in acocrdance with said preselection to establish
that particular through route and to render in-
effective the initiating circuit means for all routes
in conflict with said particular through route,
electro-responsive means associated with each
signal location which may become an interme-
diate signal location in some through route and
responsive to the establishment of any particu-
lar through route past such intermediate signal
location to control the clearing of said interme-
diate signal, and means acting when a through
route is established past an intermediate sig-
nal location to segregate the respective initiating
circuit means and the completion circuit means
for the adjoining interlocked groups and render
such circuit means for the remote group depend-
ent upon traffic conditions.

53. A switch and signal control system of the
entrance-exit type described for track layouts
affording alternative through routes over a plu-
rality of interlocked groups between common
and entrance exit signal locations of different
interlocked groups, said system comprising free-
ly movable buttons associated with the signal
locations of said track layout and manually op-
erable as entrance and exit buttons to designate
the corresponding signal locations as. the en-
trance or the exit end of a desired route or
through route, route establishing means asso-
ciated with said interlocked groups and includ-
ing initiating circuits, cerfain of said initiating
circuits being energized by operation of any given
entrance button to preselect the position of all
trailed switches included in any one of the routes
or through routes originating at the correspond-
ing entrance signal location, said initiating cir-
cuits acting to preselect those trailed switches
required to be in different positions for different
alternative routes for operation to the normal
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‘position in preference to the reverse position,
means for confrolling the initiating circuits for
said switches trailed in different positions for
alternative routes to select the preferred normal
position only if there is a path for train move-
ment from the desighated entrance .signal loca-
tion to and over that switch in its normal posi-
tion, and route completion means responding to
“the operation of an exit button for operating the
appropriate switches to positions in accordance
with the energized condition of. said initiating
. eircuits and as required to establish a route over
one or more interlocked groups between the en-
trance and exit buttons actuated and also gov-

erning the clearing of the entrance signal and.

each intermediate signal if any governing train
movement over said one or more interlocked
groups.

54, A switch and signal control system of the

entrance-exit type for a railway track layout af-c

fording one or more through routes past one or
more intermediate signal locations .comprising,
manually operable devices for designating the
signal locations of said track layout to constitute

enfrance and exit ends of a desired route or:

through route, route establishing meangs operat-
ing in response to the operation of buttons to
designate entrance and exit ends of a route to
govern the operation of the switches in the:one
or more interlocked groups to positions required
for establishing said route and for controlling the
clearing of a signal at the enfrance end of said
route and at each intermediate signal location if
any in that route, and track circuit controlled

means for maintaining in the clear condifion the-

signal at each intermediate signal location in a
through route ahead of a train traversing that
.route until the train passes the respective signal
location.

55. A switch and signal control system of the:

entrance-exit type for establishing routes over
track layouts affording different -optional routes
between certain entrance and exit signal loca-
tions comprising, entrance and exit buttons for

said signal locations, initiating circuits energized-

by the operation of said entrance button alone
for preselecting the appropriate switches of the
track layout for operation to the proper positions
to establish a preferred one of said optional
routes, completion circuit means responsive to
the operation of said exit button Ior operating
said switches in accordance with said preselection
to. establish said preferred route, and auxiliary
manual control means for governing said initiat-

ing circuits to modify said preselection and there-:

by cause said completion circuit means to estab-
lish a different optional route in response to the
operation of said exit button following the oper-
. ation of said entrance button.

56, A switch and signal control system of the

entrance-exit type for establishing routes over
a track layout affording different alternative
routes between entrance and exit signal locations
comprising, entrance and exit buttons for said
signal locations, switch control relays associated
with each switch and acting when energized to
control the operation of that switch to the nor-
mal or the reverse position, initiating circuits
energized by the operation of said entrance but-
ton alone and normally acting to preselect the
switch control relays of certain switches to cor-
respond with a preferred one of said alfernative
routes, the continuity of said initiating eircuits
“relating to said preferred route being controlled
by .contacts operated by - the -energization - of
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switch control relays to position switches for a
different route, completion circuit means respon-

.sive to the operation of said exit button for en-

ergizing switch control relays to establish a route
in. accordance with said preselection, and an aux-
iliary manual control device for each switeh for

.controlling the energization of the corresponding

switch. control relays to cause operation of the

Jindividual -switch to normal.or reverse positions

as. desired, the operation of an auxiliary manual
centrol device for certain switches included in
said alternative routes acting to change the initi-
ating circuits normally energized by operation of
said entrance button and thereby cause said com-~
pletion circuit means to establish a different.one
of said alternative routes in response to the oper-
ation of said exit button. .

57. A route controlled system of the entrance-~
exit type for railway track Ilayouts having
switches and signals in a plurality of interlocked
groups and. including parallel tracks and associ-
ated crossovers to provide alternative through
routes over successive interlocked groups past
different intermediate signals, manually oper-
able buttons for designating the entrance and exit
ends of desired routes, route establishing means
for operating switches to establish any given
route or through route in response to the actua-
tion of buttons to designate entrance and exit
ends thereof, means responsive to the actuation
of a button to designate the common entrance
end of said alternative through routes for condi-

" tioning said route establishing means to set up
- one, of said alternative routes past a particular
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intermediate signal upon actuation of a button
to designate the exit end of said through routes,
and track circuit controlled means responsive to
the presence of a train in a route terminating at

" said particular intermediate signal for rendering

said conditioning ineffective with respect to the

_through route including that intermediate sig-

nal and thereby cause said route establishing

“means to set up another alternative route in-
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" cluding a different intermediate signal.
45

58, A switch and signal control system of the
entrance-exit type for railway track layouts hav-
ing switches and signals arranged in a plurality
of interlocked groups, with parallel tracks and
assnciated crossovers adapted to provide alter-
native through routes hetween certain entrance
and exit signal locations of adjoining interlocked
groups past different intermediate signals, said
system comprising manually operable buttons for
designating the signal locations to constitute the
entrance and exit ends of desired routes and
through routes, route establishing means associ-
ated with each interlocked group and including
route completion circuits for operating switches
in response to the actuation of a button to desig-
nate the exit end of a route dependent upon the
energization of corresponding initiating circuits
by the actuation of a button to designate the en-
trance end of said route, said initiating circuits
when energized by the actuation of a button to
designate the common entrance signal location
for said alternative through routes normally act-
ing to preselect the position of a crossover in a
remote interlocked group required to be in dif-
ferent positions for said alternative through
routes for operation to the normal position in
preference to the reverse position and thereby
select a superior through route including a par-
ticular intermediate signal, and track circuit con-
trolled means responsive to the presence of ‘a

train in any route terminating at said particular
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.intermediate signal for rendering: ineffective the
~preselection of said crossover for operation to the
normal position, and thereby automatically select
.a.route past a different intermediate signal for
-moving a second train around the first train. ..
:69. A swiich and sigital controi sysiem ¢i the
_entrance-exit type ior track layouts affording
_through routes past ohe or more intermediate
.signais. comprising, manually operabie obuttons

_for designating entrance and exit ends of desired” 10

_routes, route establishing means for establishing
any. given.route or tirough route in response to
.the actuation of buttons to designate the en-
- trance and exit ends thereof, said route establish-

ing- means including completion' circuits for ini-" ;5

- tiating -operation of swiiches to establish the
routes, said compiletion circuits relating to each
-route being: different for opposite directions of
_train-movement over that route, and means asso-

- ciated-with-each signal location-which may be-: 29

- come an-intermediate signal location in . some
- through route- and responsive to-the -energiza-
- tion of the completion circuits relating to the di-

rection of train movement away from that signal

location for controlling the clearing of the in-’ 95

. termediate signal at that location. :
-60. "A switch and signal control system of the
entrance-exit type for track layouts affording one
- or more-through routes over successive inter-

locked groups past one or more intermediate sig- 80

nal locations, said system comprising manually
operable buttons for designating the entrance and
~exit ends of the -desired routes, route establish-
ing means for each interlocked group including

initiating circuits and completion circuits, said 35

completion circuits relating to each route being
different for opposite -directions of train move-
ment over that route, the actuation of a button
to designate any given entrance signal location

acting to energize the initiating circuits for ren-' 40

dering effective the actuation of buttons to des-
ignate -exit ends -of all available routes and
" through routes originating at that signal location
and for preselecting. the position of switches in

-all -interlocked groups in accordancé with said 45

“routes; the subsequent actuation of a bution to
-designate the exit end of an available through
- route acting to energize those completion circuits
“of the remote interlocked group réelating to the

direction of train movement away from, said en- 60

trance signal location, said energization of said
‘completion circuits acting to establish a route
over said remote interlocked group in accordance
with the preselected position of the switches
" therein and connecting with a particular en-
trance signal thereof cohstituting an 1ntermed1—
~ate signal in the through route, and means as-
"'sociated with said intermediate signal location
_and responsive t6 the energization of said com-~

" pletion circuits for said direction of train move- 60

ment for controlling the clearmg of the entrance
s1gna1 for -a corresponding direction of train
movement

61 In a sw1tch and 51gna1 centrol system of
the entrance-exit type for governing the power
operation of the track switches in a track layout
including _at least two adjoining interlocked
groups, a control panel having thereon a minia-

ture track diagram of ‘the track layout, freely wp

movable manual control devices located on said
track ‘diagram: at. points corresponding to the
. ends of the respective interlocked groups, route
-establishing means for each of: said interlecked

. groups, ‘the .route establishing. means for any 75-

72,265,240

given interlocked group being. responsive to the
actuation of the manual control devices at the
opposite ends. of any particular route of iis in-
terlocked group to cause the operation of the
track switches as required to establish that par-
ticular route, and through route electro-respon-
sive relay means for interconnecting each of said
route  establishing means for: adjoining- inter-
locked groups to ‘cause the roufe establishing
means of the several interlocked groups to be re-
sponsive to the actuation of manual control de-
vices at the extreme ends of two or more such
interlocked groups to establish adjoining. routes
in the intervening .interlocked groups to form a
through route the same as if manual.control de-
vices had been actuated for each of the respec~
tive 'adjoining interlocked groups.

62. A switch and signal control system of the
entrance-exit type for a track layout including
a plurality of:adjacent interlocked groups. and
thereby affording different routes in each group
between signal locations ‘as well as .various
through routes past one or more intermediate

- signal locations, manual control devices for said

signal locations operable to designate entrance
and exit signal locations, route establishing
means acting in response to the operation of a
manual control device for any given entrance sig-
nal location followed by.the actuation of a man-
ual control device for an exit end of any estab-
lishable route originating at said given entrance
signal location to control the power operation
of the track switches to set up a route connect-

~ing such entrance and exit signal locations,

means acting in response to the actuation of a
manual control device to desighate a given en-
trance signal location to render effective for op-
eration the manual control device at the exit
ends of the various available routes and through
routes originating at said given entrance signal
location and also acting ‘to- condition for opera-
tion said route-establishing means for the asso-

-ciated interlocked group and each succeeding in-

terlocked group including a route or routes form-
ing a'part of some through route originating at

-said given entrance signal location, such condi-

tioning - operation of the succeeding interlocked
groups being  with respect to. each intermediate
signal location included m the various through
routes originating at said given entrance signal
only if such through route in which such signal
location is included is not occupied by a train,
the operation of a manual control device to des-

" ignate exit signal locations of some through route
5 eausing the associated route establishing means

to set up a route in accordance with said condi-
tioning, and electro-responsive means for each

“signal which may become an intermediate signal

location in some through route responsive to the
setting up of a route in its interlocked group
in advance of such signal by ‘its associated route
establishing -means’ to cause the cleanng of its
associated -signal and perform an exit operation
for the route estabhshmg means of the next pre-

5 ceding interlocked group.

63. In a switch and signal conftrol system for

railroads, a track layout having power operated

track switches for setting up different routes be-
tween signal locations, manual contro] devices
associated with each ‘of said signal loca,tlons for
designating the correspondmg location as an en-
trance or exit signal- location of a desired route,

-switch control relay means for each of said track
- switches for governing its normal or reverse op-

eration ‘when-actuated, initiating circuit means



4,565,240

energized upon the actustion of any. given con-
trol device to designate an entrance signal loca-
tion to render the manual control device at the
exit end of each of the available routes originat-
ing at said entrance signal location effective to
designate an exit signal location and also to pre-
select for operation the switch control relay
means for only those switches in the routes origi-

nating at said given entrance signal location, and,

completion circuit means energized upon the ac-
tuation of the manual control device rendered
effective at the exit end of a particular one of said
routes to designate an exit signal location, said
completion circuit means thus energized acting to
operate the switch control relay means for the
switches of only that particular route and also
acting at the same time to render ineffective the
initiating circuit means for the other routes orig-
inating at said entrance signal location.

64. In a switch and signal control system of the
entrance-exit type for governing the power oper-
ation of switches to establish routes over a track
layout between signal locations, a control panel
having thereon a miniature track diagram of said
track layout, freely movable manually control
devices on said track diagram at points corre-
sponding to said signal locations and operable to
designate said signal locations as the entrance
or exit ends of routes, preselecting relay means
for said track switches, initiating circuit means
energized upon the actuation of any given man-
ual control device to designate an entrance sig-
nal location for controlling the preselecting re-
lay means to select the position of the trailed

track switches included in all of the available :

routes originating at that given entrance signal
location to thereby preselect the position of such
switches, said initiating circuits also including
contacts of said preselecting relay means for the
trailed track switches to limit the current flow in
the circuit portions of said initiating circuit
means corresponding to the possible routes af-
forded by the track layout and originating at said
given entrance signal location, and said initiat-
ing circuit means also supplying current to the
manual centrol devices for the exit ends of said
available routes, and completion circuit means
responsive to the subsequent actuation of a man-
ual control device to designate the exit signal
location of a particular one of said available
routes for determining the positions of the re-
maining switches in that route not having their
positions selected by a preselecting relay means
while concurrently effecting the power operation
of all the track switches required to establish said
particular route, and also at the same time act-
ing to open contacts to isolate the initiating cir-
cuits for said particular route and render in-
effective the initiating circuits relating to all
conflicting routes, and means responsive to the
actuation of a manual control device for the exit
end of said particular route for maintaining said
completion circuit means effective dependent up-
on said isolated initiating circuits for said par-
ticular route and independently of the restora-
tion of said manual control device.

65. In a switch and signal control system of the
entrance-exit type for governing the power op-
eration of switches to establish routes over a
track layout between signal locations, a control
panel having thereon a miniature track diagram
of said track layout, freely movable manual con-
trol devices on said track diagram. at points cor-
responding to said signal locations and operable
to designate said signal locations as the entrance
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‘or. exit. ends of routes, preselecting relgy means
associated with said track switches, initiating cir-
cuit means Including contacts of said preselsct-
ing relay means and acting to control said pre-
selecting relay means for. preselecting the posi-
tions of those trailed switches included in the
various available routes originating at that given
entrance .signal location in’ response to the ac-
tuation of the manual control device for 'such
entrance signal location, said initiating circuit
means thus acting with respect to the preseleci~
ing relay means for any trailed switch only pro-
viding there is a path available for train move-
ment from said given entrance signal location
to and over the corresponding track switch which
path is not in conflict with any route then estab-
lished, and completion circuit means responsive
to the subsequent actuation of a manual control
device to designate the exit signa] location of a
particular one of said available routes for deter-
mining the positions of the remaining switches
which are facing point switches in that route
while concurrently effecting the power operation
of all the track switches required to establish
said particular route, and also at the same time
acting to restore to normal conditions the pre-
selecting relay means for all of the other routes
originating at said given entrance signal location.
66. In a switch and signal control system of
the character described for railroad track lay-
outs having a number of switches operable to
provide various routes through said track lay-
out between signal locations and in which all
of the switches for a given route are positioned
by the actuation of manually operable buttons
associated with the signal locations constituting
the entrance and exit ends of that route, said
system comprising with respect to any given
route for one direction of train movement, a nor-
mal and reverse control relay for each switch,
a preselecting relay means for each switch trailed
by train movement in said direction, means re-
sponsive to the manual operation of the button
for the entrance end of said route for energiz-
ing initiating circuits for controlling said pre-
selecting relay means for each trailed switch in
accordance with the position thereof required to
establish said route, said preselecting relay means
for a switch being controlled by its initiating
circuit only if the portion of a route from the
entrance signal location to said switch is not
in conflict with some route then established, an
exit relay responsive to the operation of the but-
ton associated with the exit end of said route
and receiving current from said initiating cir-
cuits, and completion circuits energized upon en-
ergization of said exit relay for energizing the
normal or reverse switch control relay for each
trailed switch in accordance with the condition
of its preselecting relay means and for also en-
ergizing the normal or the reverse switch con-
trol relay for each facing point switch accord-
ing to the position such switch must assume to
establish said route, said switch control relays
when energized to establish said route acting to
open the initiating circuits relating to all other
routes originating at the same entrance end.
67. In an interlocking control system, a track
layout including track switches arranged to form
different routes for governing traffic in two direc-
tions, route levers for the ends of said routes,
a route selecting circuit network for each direc-
tion including a route selecting circuit for each
route for the corresponding direction each said
network including selecting relays energized in
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response to the operation of certain ones of the
route levers for the entrance ends of converg-
ing routes, normal and reverse route relays for
governing the operation of the track switches to
their normal and reverse positions, a route cir-
cuit network comprising a route circuit for each
route selected in response to the operation of
said selecting relays for controlling said route
relays, means responsive to the operation of the

route lever for the exit end of a route having its 10

selecting eircuit energized for connecting a source
of current to the corresponding end of the route
circuit for such route to energize in multiple
the route relays for the switches of the selected
route as required to establish said route, and
means controlled by said energized route relays
for isolating the energized route circuit from the
route circuits for conflicting routes irrespective
of the condition of said selecting relays.
ANDREW LANGDON.
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