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This invention relates to interlocking systems
for railroads, and’ it- more particularly pertains
to- an  interlocking system of the entrahce-exit
type which- is- characterized by the manner in
which: routes are set-up through complex track
layouts by merely the designation of the en-
ttance and exit: ends of such routes By an oper-
ator: in: a-control office;

In such a system, a- control panel having a
minigture track diagram of the actual track lay-
out -is provided with control” buttons at points
on' the diagram corresponding to the ends of the
various ‘' routes: through the track layout. The
operation of the control buttons for the opposite
ends-of any route causes the operation of all the
track switches required to set up that route and
effects the- clearing of a signal at the entrance
end to such routée. The track diagram control
panel’is also usually provided with various indi-
cator lamps located at suitable positions for in-
dicating the routes established, the occupancy
of the various track sections, and the clear or
stop- conditions of the various signals.

For the purpose of describing the present in-
vention, the track Iayout of a complete interlock-
ing plant is-considered to be divided into “inter-
locked' groups,” each comprising one or more
track switches of the track layout for providing
‘routes between signal locations for governing
traffic over those track switches, those signal lo-
cations constituting entrance and exit points to
such” routes. A plurality of such interlocked
groups;, lecated end-to-end, provide “through

ragutes” having intermediate signal locations . :

which' are the siznal locations at the ends of
the routes of the several interlocked groups. - The
setting up of o thiough route including interme-
diate signals by the desighation of the extreme
ends of the through route only is conveniently
called end-to-end or through route control.

One opject of this invention is to provide an
improved entrance-exit system for the setting up
of roufes in' the individi:al interlocked groups in
a manner which provides that a plurality of such
interlocked’ groups may be interconnected for
end~to-end or through route control.

The system can be said to have two different
types of circuit selecting networks individual to
the: several interlocked groups.
types, conveniently -called initiating networks
provides control circuits for entrance and exit
relays associated with entrance and exit points
far routés. The’ othier type, conveniently called

One of those 5
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completion networks; provides control circuits for 55°

dentrance’ point.

normal and reverse switch cortrol relays used
in controlling the track switches.

When setting up a route within an interlocked
group, the depression of a button for an entrance

~‘point causes the picking up of an entrance relay

for that point, which entrance relay in picking
up causes energy to be fed through an initiating
network toward an exit relay for the exit point
for each of the available routes within that in-

terlocked group emanating from that entrance

point. The depression of a button for the exit
point for one of those available routes causes the
picking up of an exit relay associated with that
point.

A through route control network is also ener-
gized upon the picking up of each entrance relay
in setting up a route if there is an gvailable
through route extending through a plurality of

_interlocked groups from that designated entrance
20

point.  This energy is-fed over the through route
network towards the next intermediate signal
which is included in an available through route
emanating from the designated entrance point at
which intermediate signal an entrance repeater

-relay-is energized. The picking up of the en-

trance repeater relay for any given intermediate
sighal location causes energy to be fed to the ini-
tiating network for the next interlocked group
the same as if an entrance relay for that en-
trance point had been picked up. The entrance
repeater relay for any given entrance point also
feeds energy to' the through route network for
its-interlocked group when such entrance repeat-
er relay is rendered active from some preceding
Energy can be fed over the
through route network for any interlocked group
only so far as such through route circuit net-
work is closed to signify that the portion of the
through route up to that point is available for
use.

‘The completion networks are provided for en-
ergizing normal and reverse switch control relays,
ohe network being provided for each direction
of traffic for each interlocked group. Two switch

3 control relays are provided in the completion

networks for each single track switch and three
switch control relays are provided for each cross-
over. The circuits of the completion networksfor

[the-switch control relays provide that the picking
up of the switch control relays for each route ini-

tiated by the designation of entrance and exit
points is effected in a cascade order, starting with
the switch control relay for the track switch near-
est the exit point.

The' completion circuit networks for energiz-
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ing the normal and reverse switch control relays
are organized to provide that a reverse switch
control relay is energized for each track switch
having its points facing a designated exit point
when a route being set up is selected up to that
track switch, that a normal switch control relay
is energized for each track switch having its
points facing a designated exit point when a
route being set up is selected up to that track
switech from the exit point designated, if a route
is available between the designated entrance and

exit points over that track switch in a normal

position, and that either a normal or a reverse
switch control relay is energized for each track
switch that would be trailed depending upon

10

15

the position in which it would be trailed if a -

train were to pass over that track switch from
the designated exit point, when a route being set
up is selected up to that track switch from the
exit point designated.

Whenever a normal and a reverse switch con-
trol relay for a track switch facing the exit point
are both energized at the same time in setting
up a route, under conditions above pointed out,
only one of those relays can be picked up be-
cause of a circuit interlock hetween them. To
provide that the normal switch control relay is
given preference over the reverse switch control
relay, under such conditions, the reverse switch
control relay for each frack switch is made slow
in picking up with respect to the pick up period
of the normal switch control relay for that track
switch. )

It will be noted that the usual terminology
used with regard to a train passing over a
switch, is to speak of such train movement as
a facing or a trailing point movement. How-
ever, it is more convenient in the present speci-
fication to speak of the switch poinfs as facing
a given exit point or a given entrance poing than
it is to speak of train movements. In other
words, when a switch is spoke of as facing a
given exit point, it means that it is so- positioned
that if a train were to move from the exit point
over such switch it would of necessity make a
facing point movement.

Thus, the completion circuit network, by giv-
ing the normal switch control relays time prei-
erence over the reverse switch control relays,
provides a mean for selecting one of a plural-
ity of optional routes as being preferred. The
route given preference is always the available
route diverging nearest the designated entrance
point because the completion network provides
that, in the cascade energization of the switch
contro! relays, the route is selected in such a
manner that, it follows the main track from the
exit point designated as far as a route is avail-
able between the designated entrance and exit
points on that track. This characteristic selec-
tion-of one of a plurality of optional routes in
a single interlocked group is similarly applied
to optional through routes which extend through
a plurality of interlocked groups.

There are conditions encountered in practice,
however, where it is desirable to provide that a
particular route is always given preference over
other optional routes, irrespective of whether or
not that route diverges nearest the designated
entrance point. Such a condition encountered
in practice can be, for example, when a partic-
ular high speed track switch common to a plu-
rality of routes is desired to be used, when avail-
able, in preference to lower speed track switches
providing optional routes. When such prefer-
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ence is to be given a particular track switch,
the reverse switch control relay associated there-
with is energized only when a route is available
over the track switch reverse, and the normal
switch control relay for that track switch is
made slow acting with respect to the reverse
switch control relay. Thus, whenever a route is
available over that track switch in either a nor-
mal or a reverse position, the normal and re-
verse relays are both energized but the reverse
switch control reiay is given preference.

In setting up a through route by end-to-end
control the actuation of a control button for the
entrance peint to that route effects the picking
up of an entrance relay, and the picking up of
that relay causes the picking up of an entrance
repeater relay for each intermediate entrance

-point included in each available through route

emanating from that designated entrance point.
The actuation of a control button for the exit
point to that route starts the cascade of the com-
pletion network upon the picking up of the exit
relay for that point. When the switch control
relays are positioned for the interlocked group
including the designated exit point, the entrance
relay for that portion of the through route is
picked up, which in turn causes the dropping
away of the entrance repeater relay for that en-
trance point. The entrance repeater relay is
made slow in dropping away, however, to provide
a momentary energization of a circuit for the
picking up of the exit relay for the adjcining
exit point included in the through route being
set up, the same as if the control button for that
exit point had been actuated. 'Thus, routes
are set up successively in the interlocked groups
included in the through route, starting with the
interlocked group including the designated exit
point. When the through route is entirely set
up, the entrance repeater relays are all dropped
away as they are used only during the setting
up of a route by end-to-end control.

When setting up a route by end-to-end con-
trol, it is possible to energize entrance repeatet,
or through route relays, for a plurality of inter-
mediate signals within an interlocked group, if
optional routes are available extending through
a plurality of interlocked groups between the
designated entrance and exit points. Under
such conditions one of those intermediate en-
trance points for the route being set up, by the
switch control relays in the completion network
in accordance with the time preference means ef-
fective for giving preference to the route diverg-
ing nearest the designated entrance point as men-
tioned above.

Another object of the present invention is to
provide a means for limiting the end-to-end con-
trol to such an extent that, in setting up a route
for an approaching train by end-to-end control,
a signal cannot be cleared for a preceding train
occupying a part of that proposed route. Such
mode of operation is provided by the initiating
network for the control of the entrance repeater
relays in which energy can he fed through the
network for the control of an entrance repeater
relay for an intermediate signal only if a route is
available between the designated entrance point
and that intermediate entrance point, and only
if no portion of that route is set up or is locked
by the presence of a train in that section.

Other objects, purposes and characteristic fea~-
tures of the present invention will be in part
obvious from the accompanying drawings and in



2,265;259-

part pointed out as:the:deseription of .the inven--

tion progresses:

In. describing the invention in detail, refer-
ence will be made to the accompanying draw-
ings, in'which like reference characters designate
corresponding. parts: throughout the several il-

lustrations;. similar: letter reference characters:

being used: to: designate parts: having similar

functions which are generally made  distinctive:

by: preceding numerals, and in which:
Tigs: 1A,.1B; 1€ and 1D, when: placed end-to-
end with Figs. 1E-and: 1F placed below Figs 1B

and: 1C respectively; illustrate a- self-selecting.
network: system for governing the track layout

iltustrated in Fig. 3.-

Fig. 2 illustrates various switch and signal con- -

trol circuits for the track switches of a'particu-
lar crossover as typical of the circuits: provided
for each crossover and.single track switch in-
cluded in the track layout for which: the system
is:provided;

Figs. 3A  and 3B, when placed end-to-end, il-

lustrate . the: track layout for which the present

embodiment- of the invention is provided,- to-
gether with the control circuits for” the signals
associated with' that track layout;

Figs. 4A, 4B, 4C and 4D, when placed end-to-
end, illustrate a modification of the self-selecting
network illustrated in Figs. 1A, 1B, 1C and 1D;

Figs. 5A° and 5B, when placed end-to-end, and
beneath Figs. 1B and 1C réespectively, or beneath

Figs. 4B and 4C respectively, illustrate a modifi--

cation of the completion network shiown in Figs.
1E‘and 1P to provide that. preférence is given to
a- particular oneof several optional routes be-
tween entrance and exit points; and

Figs. 6A and 6B, when placed end-to-end, il-

. lustrate & means by which the present invention
can be applied to governing a track layout in
which end-to-end: control i§ not required.

In order to simplify this disclosure as much
as possible, reference is - made from time to time
to furictions common to €1l parts of a similar
kind or class by use of the letter reference char-
acters without preeeding numerals. Such a ref-
ererice is to be understood to apply to any parts
designated in the drawings' by reference char-
acters that- are simildr except for preceding
numerals-associated’ therewith.

The various parts and circuits constituting the
embodiment of the present invention have been
shown diagrammatically and certain convention-
al- illustrations have been employed for the pur-
pose of simplifying the illustrations and facilitat-~
ing in the explanation thereof. The drawings
have been made meore for the purpose of facilitat-
ing the disclosure of the present invention as to
the principles and mode of operation, than for the
purpose of illustrating the specific construction
and arrangement of parts that would be em-
ployed in practice. Thus, the various relays and
their contacts are illustrated in a conventional
manner, certain circuit details well known. to
those familiar with the art are illustrated by
dotted lines; and symbols are used to" indicate
connections to the terminals of batteries,. or
other sources of electric current instead of show-
ing all of the wiring connections to those ter-
minals.

The symbols' (4) and (—) are employed to
indicate the positive and negative .terminals re-
spectively of suitable batteries or other sources
of direct current, and the circuits. with . which
those symbols are used always have current

flowing in the same-direction. If alternating cur-.
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rent. is-used instead of direet current the sym-

bols shown areto be:considered as representative
of instantaneous- relative: polarities:

Apparatus

Track layout—With reference to. Figs. 3A and
3B, two parallel tracks have been illustrated as
connected. at- various. points by crossovers hav-
ing. track.- switehes. 2TSA, 2TSB, 3TSA, 3TSB,
5TSA,.5TSB, 6TSA, 6TSB, TTSA and 1TSB; and
one-of .those parallel tracks is illustrated as con-
nected:to-a third track-by a-track switch 4TS.

The track switches. are- positioned by power
operated switch machines which can be of any
suitable. type;. such, for example, as the switch
machine: shown in-the patent to W. K. Howe, Pat-
ent No:. 1,466,903, dated-September 4, 1923. The
motors of the switch machines are assumed to be
controlled in a suitable manner, preferably pro-
viding over-load: protection, such as is shown for
example, in-the patent to W. H. Hoppe, et al.,
Patent No. 1,877,876, dated- September 20, 1932..
If the switch machine motors are controlled in
accordance with- that Hoppe et al. patent, the
relay WZ of -the:present disclosure for each track
switeh, controls the relay CR illustrated in that
patent.

For the: purpose of simplifying the present dis-
closure, only one switeh machine ' SM has been
illustrated for each of the crossovers because it is
well known to those familiar with the. art that

- both- track switches-of. a; crossover are positioned

simultaneously, but-it’ is:to be understood that a
separate- switch.. machine can. be: provided  for
governing: the operation of each of the track
switches: associated with . each. crossover when
required in-practice. The switch machine 2SM
has. been provided for positioning track: switches
2TSA and 2TSB;, 3SM: for pesitioning track
switches: 3TSA and 3TSB, 5SM for positioning
track switches. 5TSA and. 5TSB, 6SM for posi-
tioning track switches 6TSA and 6TSB, TSM for
positioning track switches TTSA. and. TTSB, and
ASM for positioning.track switch:4TS.

A.polar-neutral relay WP is. illustrated.as as-
sociated . with  each crossover and. each .single
track.switch, and that relay is.used for repeating
the locked .position of. the switch points-in cor--
respondence. with the locked position- of the
switch machine in a manner well known to those
familiar with-the art. The relay WP. is ener-
gized with one polarity. when the switch- peints -
and switch . machine are locked in. a normal
posmon and it is energized with the opposite
polarity when.the switch points and. switch ma- -
chine for that track.switch- are locked in- the
opposite position.. Whenever the switch points
and/or the switch. machine are unlocked, the
relay WP is deenergized..

For the purpose. of selecting such control for
each relay WP, point détector contact mecha-
nisms are. provided such as the type shown, for
example, in the patent to C. 8. Bushnell, Patent
No. 1,517,236, dated November 25, 1924.

Signals have been provided for governing traf-
fic_through the. interlocking. plant in both direc-
tions, signals 19, 11,.22, (4, 15, 18 and. (9 hav-
ing been provided fo¥ governing east bound traffic
to theé right, and.signals 20, 21, {6, (7, 12 and 13
having bheen provided. for governing west bound
traffic to the left.

The signals. have beeen  illustrated as being
of the color light type having individual color
lamp units, the lower. lamp unit providing a red
indicgtion for. danger, and the upper unit: pro-
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viding a green indication for clear. -It is to be
understood, however, that other types of signals,
such as semaphore or search light signals eould
as well be used, in accordance with the require-
ments of practice, and it is also to be understood
that a third caution indication can be provided
where required.

* The track layout has been illustrated as di-
vided into track sections to provide double rail
track circuits in the usual manner. Track sec-
tions 25, 2§, 27, 28, 29, 30, 31 and 32 have been
illustrated as being provided for track -circuits
assumed to be provided in the usual manner for
track relays 25T, 28T, 27T, 28T, 29T, 32T, 31T
and 32T respectively. It is to be understood that
proper bending connections are provided in the
usual manner ‘for fouling protection and that
other types of track circuits could as well be
employed. :

Control machine.—A principal part of the con-
trol machine for governing traffic through the
track layout described above, is a vertical con-
trol panel located within convenient reach of an
operator, upon which is constructed a miniature
track diagram, as ilustrated at the top of Figs.
1A, 1B, 1C and 1D, corresponding to the actual
track layout for which the system is provided.
Upon the miniature track diagram are located
suitable indicator lamps, or equivalent devices,
for keeping an operator well informed as to the
routes established through the track layout, as
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to the condition of occupancy of the various track -

sections, and as to the indications displayed by
the various signals. In order to simplify the
present disclosure only certain ones of those in-
dicator lamps have been shown as typically illus-
trated in Fig. 2, the present invention being more
particularly concerned with the means for set-
ting up the various routes. Further detail de-
scription as to how the indications can be pro-
vided is shown in the prior application of F. B.
Hitcheock, Ser. No. 74,709, filed April 16, 1936,
to which reference can be made.

A control button B is associated with each
route end, and is located on the miniature track
diagram at a position corresponding to the route
end in the track layout for which it is provided.
The route ends, are of course, determined by
the location of the signals at the track layout,
one button B being provided at the control office
for each signal. Thus buttons (0B, 1B, (2B,
(3B, 14B, 5B, 16B, I1B, 18B, 19B, 28B, 2iB and
22B have been illustrated as associated with route
ends at signals 10, (1, 12, I3, (4, 15, I8, IT, 18,
19, 20, 21. and 22 respectively. Each of the but-
tons B is of the push-pull type, and it is biased
to a normal position from which it can either
be depressed or pulled out. There is a normally
closed contact on that button which is main-
fained closed whenever the button is depressed,
and which is opened whenever that button is
pulled out from its normal position. There is
another contact associated with. the button
which is closed only when that button is de-
- pressed. The contact closed when the button
is depressed is illustrated in some cases as be-
ing independent of the contact normally closed,
and in other cases it can be associated with
the normally closed contact.
of the buttons B can be provided in any suitable
manner, such, for example, as is shown in the
prior application of J. F. Merkel, Ser. No. 158,720,
filed August 12, 1937.

Although only one push button B is used for

each signal, it is to be understood that separate |

The construction
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buttons can be provided for each entrance and
each exit point, and that types of buttons hav-
ing other distinctive operating positions could as
well be used.

In addition to the means of control for the
track layout provided by the self-selecting net-
work, -an auxiliary switch control level SMILs is
provided for each crossover and for each single
track switch for use in attempting to free the
track switches from obstructions, such, for ex-
ample, as snow and ice, and for setting up routes
in case of failure of the self-selecting network,
Inasmuch as the auxiliary switch control levers
SML are provided in a similar manner for each
of the crossovers and single track switches, lever
28ML illustrated in Fig. 2 is to be considered
as typical of the levers of a similar character
provided for governing the other track switches.

System devices—Associated with the entrance
point in the track layout at each signal is an
entrance relay NR at the control office (see Figs. .
1A, 1B, 1C and 1D). A slow acting entrance re-
peater relay NP is also provided for each inter-
mediate signal between extreme ends of the in-
terlocking plant. An entrance relay NR is picked
up for each signal used in governing traffic
through a roufe set up, and it is maintained
picked up until the route to be set up is restored
to normal, either upon the passage of a train
or by the manual control of an operator. The
entrance repeater relays NP are picked up only
during the setting up of routes.

An exit relay XR is provided for the exit point
at each signal location, and that relay is picked
up when the exit point with which it is asso-
ciated has been designated by an operator in
setting up a route.

In response to the picking up of the exit relays
XR, completion network relays AN, BN, N and
R are positioned for causing the operation of the
track switches included in the route to be set
up. Relays AN, BN and N are provided for caus-
ing  the operation of their respective track
switches to a normal position, and relays R are
provided for causing the operation of their re-
spective track switches to a reverse position.
One normsl control relay and one reverse con-
trol relay are provided for each single track
switch, and two normal and one reverse control
relays are provided for each crossover.

Associated with the control circuits for the
self-selecting network relays are suitable recti-
fiers and resistances to provide the desired mode
of operation of the system.

‘With reference to Fig. 2, two lock relays L and
one slow acting lock repeater relay LS are asso-
ciated with each crossover for providing the safe
operation of the track switches. It is of course
apparent that only one lock relay L is required
for a single track switch.

A polar-neutral switch control relay WZ is
provided for each crossover and each single track
switch for causing the operation of the switch
machine associated therewith in accordance with
the position of the relays of the completion net-
work. Correspondence relays NCR and RCR are
provided for repeating the correspondence posi-
tion of the track switches and their associate
control relays.

With reference to Figs. 2A and 3B, a signal
control relay G is provided for each signal for
governing its indication. When that relay is
dropped away, its associated signal displays a
danger indication, and when that relay is picked

up, its associated signal displays a clear indica-
tion. '
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‘With reference to the modification shown in
‘Figs. 4A, 4B, 4C ang 4D, the control machine has
been illustrated the same as heretofore described,
and the relays provided are used for the same
‘general purposes heretofore set forth.

With reference to the modification shown in
Figs. 6A and 6B, the control machine is con-
structed in a similar manner to that heretofore
described, and the control panel has associated

therewith an optional control lever OPL for de-~

termining preference between two optional
-routes. ‘Relays are provided for the same gen-
eral purposes as has been heretofore described,

and -relays RR are substituted in ‘the network
system for the relays XR to which reference has+

heretofore been made. A relay RR is associated
with each route end, and is picked up only when
-energized in series with the RR-relay for an cp-
-posite route end.

Having thus -considered the apparatus pro-
-vided in-accordance with the present invention,
it-is believed that -a clear understanding ofthe
mode of operation of the system can best be had
by considering varicus typical operating condi-
tions.

Operation

‘Normal conditions.—The normal conditions.of
the system can be defined as those conditions

which exist when all of the signals display danger N

indications, the track sections illustrated are un-
occupied by trains, and there are no routes set
up or partially set up in the interlocking plant.
‘Such conditions are indicated to an operator by
‘the indicator lamps on the control panel which
are normally dark. The track switches are in the
position to which they were last operated for a
‘route set up, and they have been illustrated (see
‘Figs. 4A and 4B) as having been in alignment
for through routes set up on the two through
parallel tracks.

‘The route locking relays are normally ener-
gized as is typically shown in-Fig. 2, and the lock
relays L and LS are also normally picked up.
Relay -26L is normally energized .by a circuit
closed from (+4), through a circuit' including
front contact 40 of relay 26ES, front contact 41
of relay 26T, front contact 42 of relay 26WS, and
‘winding of relay 26L, to (—). Relay 25L is nor-
mally energized by a circuit closed from (4-),
through a circuit including front contact 43 of
relay 25ES, front contact 44 of relay 28T, front
contact 45 of relay 25WS, and winding of relay
255, to (—). -Relay 2LS is normally energized by
a-circuit closed from (4), through a circuit in-
cluding back contact 49 of relay 2WzZ, front con-
tact 83 of relay 26L, front contact 51 of relay
25L, and winding of relay2LsS, to (—).

When the track switches 2TSA and 2TSB are
in' their normal locked position ag illustrated,
relay 2ZNCR is energized by a circuit closed from
(4), through a circuit including back contact
‘52 of relay 2R, winding of relay 2NCR, polar con-
tact 53 of relay 2WP in a right hand position, and
front contact 54 of relay 2WP, to (—).

Self-selecting network.—~To consider the gen-
eral principles involved in the mode of operation
of the self-selecting network, the mode.of oper-
ation will first be described for setting up routes
through -a simple interlocked group, and it will
be hereinafter pointed out how those. principles
are applied to the control of more complex track
layouts under various operating conditions that
might be encountered in practice.

5
“the system within an interlocked group, assume
an operator to set up a route from signal 10 to
signal 13 at a time ‘when the above described
normal conditions of the system exist. After
5 - checking the indicator lamps on-the control panel
‘to see that the proposed route is available, the
operator defines the entrance pointfor that route
by the depression of button {08 (see Fig. 14).
As a result of such operation relay 18NR is picked
to-up by the -energization of a circuit closed -from
- (4), through a circuit including back contact 55
of relay ' NPU,-an entrance relay pick up bus PU,
-contact 86 -of - button 18B clesed -in a depressed
sposition, -back -contact 67 of relay $8XR, and
15 “winding of relay HNR, to (—). -A-stick circuit is
~closed, -upon the picking up of relay MNR, for
that relay, from (), through a circuit including
-front contact §9 of relay 25T, front contact 58
-of relay -1ONR, contact -56 of butten  10B closed

‘g0 “when -that -button -is either depressed -or -in-its

-normal position, back -contact 57 of relay - IeXR,
-and-winding- of -relay 4NR, to (—). Included
-in-multiple -with -front -contact 89 of -relay -25T
«in that-circuit-is back-contact 68 of relay 25TP

io5 to-provide-that the stick circuit fer-relay -i@NR

:can be closed when -detector-track section 28-is
occupied, for the purpose of -allowing the setting
up of-a route fer-a-following train when- the -de-
“tector-track section is-oceupied by a first-train.
Upon the picking up-of relay {0NR, relay -NPU
:is picked up by-the energization of-a-cireuit-closed
from (), through-a.circuit including back con-
tact:81 of relay :§8G,. front contact 62 of- relay
1ONR, bus.63, and winding of relay NPU,-to- (—).

-35 The picking up of relay -NPU -disconnects energy

from, the pick-up bus PU by the opening -of back
contact 55,.to provide that the actuation of -other
‘route -end buttons -is - ineffective for. picking up
-entrance relays. It is- obvious, -from-the circuit

-40 described, that relay NPU -is 1maintained -picked

up until signal -8 -at - the -designated entrance
point:has been.-cleared, to cause the opening of
that circuit at back contact:6i-of relay 180G, re~
lay 186G being energized only when its-associate
45 -signal is to be cleared in a manner -hereinafter
-described when considering the details of the sig- .
nal control. circuits.
Thus, it is obvious, that-the relay WPU is-main-
tained energized to prevent the -energization of
50 other entrance relays after one -enfrance peint
has been designated, until :the -route -thus ini-
tiated has been completely set up, or -an operator
has caused the restoration to normal.of the per-
tion:of the route .establishing means conditioned.
55 An-advantage of such .a mode of operation: is
that, in allowing an .operator: to set up. only one
route.at a time, only designated routes.can be set
up. If it were. possible for..an .operator to cause
the, picking up - of.a.plurality of.entrance. relays
60 ‘Wwithout having completed routes including- those
entrance points, there would be the possibility
of inadvertently .setting up a wrong route by the
combination of an-exit peint designated for.a pro-
posed.route with-an entrance point for. a route
65 different from the proposed route, which had
been previously designated. The reguiring of an
operator to set up. only one route at a time, and
the requiring of that route to be completed or
completely restored, before -another route can_be
70 set up, allows. the interlocking system to assume
more of -the responsibility for setting up only
routes designated, -and places.less.respensibility
on the operators. ’
.After the entranee-point for a route.has been

< For-an-example -of the mode of operation of 756 designated as heretofore described, assume an
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operator to designate an exit point for that route
at signial 13 by the depression of button 13B. As
a result of such operation, the relay i3XR is en-
ergized by a circuit closed from (4), through a
circuit including front contact €4 of relay §{9NR,
back contact €5 of relay 2AN, back contact §5
of reiay 2BN, back contact 81 of relay i3NP, back
contact 68 of relay I3NR, winding of relay {3XR,
and contact 89 of button i13B in a depressed posi-
tion, to (—). The picking up of relay 13XR,
closes a stick circuit for that relay from (4),
through a circuit including front contact 6& of
relay 16NR, back contact 65 of relay 2AN, back
contact 66 of relay 2BN, back contact 87 of relay
13NP, back contact 68 of relay §i3NR, winding of
relay 18XR and front contact T2 of relay (8XR,
to (—).

In response to the picking up of reiay i13XR,
relay 2R is picked up by the energization of a
circuit elosed from, (), through a circuit includ-
ing back contact 11 of relay 2AN, upper winding
of relay 2R, back contact 12 of relay 2BN, and
front contact 73 of relay I8XR, to (—). The
picking up of relay 2R causes the operation of the
track switches for crossover 2fs to reverse posi-
tions, and causes the clearing of signal I8 in a
manner to be hereinafter described in detail.

To consider another exampie of hhow a route is
selected by the self-selecting network, assume
an operator to set up a route from signal i{ to
signal 13, when that route is available and the
normal conditions of the system heretofore de-
scribed are in effect. The actuation of the en-
trance button 1iB for defining the entrance point
causes the energization of a circuit for relay
1iNR comparable to the circuit herstofore de-
scribed for relay IONR, and the picking up of
relay |iNR closes a circuit for relay NPU, from
(4), through a circuit including back contact
T4 of relay G, front contact 15 of relay {INR,
bus 63, and winding of relay NPU, to (—). When
relay NPU is picked up, the opening of back con-
tact 55 of that relay effects the deenergization
of the entrance relay pick up bus PU to provide
that the actuation of a button for defining the
exit point for the route being set up is ineffec-
tive for picking up an entrance relay associated
with that route end. Relay iINR is maintained
picked up by a stick circuit similar to the stick
circuit above described for relay i8NR.

Upon the depression of button {38 for desig-
nation of the exit point for the route being set
up between signal {{ and signal {3, a circuit is
closed for the energization of relay {3XR, from
(+), through a circuit including front contact 76
of relay |INR, back contact 771 of relay 2R, back
contact 67 of relay I13NP, back contact 68 of re-
lay 13NR, winding of relay I8XR, and contact
69 of button 138 closed in a depressed position,
to (—). When relay I3XR is picked up, under
such conditions, a stick circuit is closed for that
relay from (4), through a circuit including front
contact 76 of relay |INR, back contact 17 of re-
lay 2R, back contact §1 of relay {3NP, back con-
tact 68 of relay (3NR, winding of relay I3XR,
and front contact 18 of relay I3XR, to (—).

Upon the picking up of relay 13XR, in setting
up a route from signal i1 to signal 13, relay 2R
is energized by the closing of a circuit heretofore
described, and relay 2BN is also energized at that
time by a circuit closed from (4), through a
circuit including front contact 78 of relay {INR,
back contact 19 of relay 2R, and front contact
13 of relay 13XR, to (—). Relay 2R is made slow
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in picking up with respect to relay 2BN to pro-
vide that whenever relays 2R and 2BN become
energized at the same time, as in setting up a
route from sighal I{ to signal i3, relay 2BN will
pick up in preference to relay 2R and open the
circuit for relay 2R at back contact 72. The
picking up of relay 2BN causes the operation of
the track switches associated with the crossover
2s to normal positions, and causes the clearing
of signal i1 at the entrance point of the route
being set up.

The mode of operation of the system in setting
up each of the above described routes is typical
of the mode of operation of the network relays
for each of the track switches which faces the
designated exit point in a route being set up.
If the route desired calls for the track switch to
be reversed, only the reverse switch control relay
R is energized, and if the route desired calls for
the track switch to be normal, the normal and
reverse switeh control relays for that track switch
are both energized if that track switch faces the
designated exit point, but only the normal con-
trol relay is picked up, because of a difference
in the operating characteristics of the two re-
lays and a circuit interlock between those relays,
Use is made of this feature of the network sys-
tem in selecting a preferred route of a plurality
of optional routes as is hereinafter considered
in detail, _

Switch control—Inasmuch as the means pro-
vided for positioning the track switches in ac-
cordance with their position selected by the self-
selecting network relays is similar for each track
switch, all of the circuit details are shown and
described for the track switches associated with
one particular crossover as typical of the cir-
cuits provided for causing the positioning of each
of the other track switches. Thus, it is consider-
ed expedient at this time to consider those typical
circuits as applied to the control of the track
switches 2TSA and 2TSB.

To consider the details of the circuits by which
the switch machines are operated in accordance
with the positioning of the self-selecting network
relays AN, BN, N and R, assume the heretofore
described normal conditions of the system to
exist except for a route to be assumed to have
been selected by the self-selecting network, ex-
tending from signal i0 to signal 13. In select-
ing such a route by the self-selecting network,
relay 2R is energized in a manner heretofore
described, and the picking up of that relay
causes the picking up of relay 2WZ (see Fig. 2),
and the picking up of relay 2WZ causes the posi-
tioning of the track switches 2TSA and 2TSB
by the switch machine 2SM.:

To consider the circuit details for accomplish-
ing such a mode of operation, assume relay 2R
to be picked up, under.such conditions, to cause
the picking up of relay 2WZ by the energization
of a circuit closed from (4), through a circuit
including front contact 52 of relay 2R, and lower
winding of relay 2WZ, to (—). Such energiza-
tion causes the polar contacts of relay 2WZ to be
closed in a left hand position, and causes the
energization of the switch machine 2SM to cause
its operation to a reverse position when front
contacts 80 and 81 of relay 2WZ close an obvious
control circuit for that switch machine.

The picking up of relay 2R causes the dropping
away of relay 2NCR by opening the circuit for
that relay at back contact 52, and the dropping
away of relay 2NCR closes a stick circuit for the
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‘hack -contact 83 :and -causes relay 2LS ‘to -drop
-away ;and close-the signdl:control circuits.

lock repeater relsy .2LS, from (+), through a
-circuit including back contact 82 of relay 2RCR,
back contact 83 of relay 2NCR, front contact 84
of relay 2LS, front contact 58 of relay 261., front
contact 51 of relay 25L, and winding of relay
2LS, to (—). The characteristics of the relays
are such that the stick circuit for relay 2LS:is
closed prior to the picking up of relay 2WZ and
the opening of the circuit for relay 2LS normally
energized at back contact 49 of relay 2WZ.

After the switch machine 2SM has completely
operated the track switches 2TSA and 2TSB to
reverse locked positions, relay 2WP is picked up
when energized with such:a polarity as to oper-
ate its polar.contacts to a left hand position, and
relay 2RCR is picked up by the energization of a
circuit closed from (4), through .a circuit in-
:cluding back contact 85 of relay 2AN, back con-
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tact 86 of relay 2BN, winding of relay 2RCR, po-

lar contact 83 of relay 2WP in a left hand po-
sition, and front contact 4 of reiay 2WP, to
(—). The picking up of relay 2RCR. opens the
-above described stick circuit for relay 2L.S at
‘back -contact 82:to cause thatrelay to drop away
and close ‘the signal control circuit as herein-
after described.

To provide that energy.is-applied to the switch
machine 28M to cause it to complete -its opera-
tion to a reverse position, irrespective of whether
.or not relay:2R is restored to-normal, a stick cir-
cuit ‘is provided for relay.2W2Z closed from (+),
through a circuit including back contact 81 of
relay WP, front contact 88 of relay 2WZ, polar
contact- 89 of relay 2WZ in a left hand position,
and lower winding of relay 2WZ, to (—). If the
frack switches 2TSA and 2TSB were already in
their reverse locked positions when relay 2R was
picked up, relay 2LS would be dropped away im-
mediately upon the picking up of relay 2WZz,

because relay:2RCR would be picked up to.open *

its stick circuit at back contact 82, and the pick
up circuit for relay 2LS would, of course, be open
at back contact 49 of relay 2WZ.

To consider how the track switches 2TSA
and 2TSB are operated to a normal position in
accordance with the picking up of either of re-
lays 2AN or 2BN, assume a route.to be.selected
by the self-selecting network extending from sig-
nal ;i to signal 13 at a time when the prior
operated position of the track switches 2TSA and
2TSB was in reverse locked pesitions.

Under -such conditions, the picking -up of re-
lay -2BN causes the picking up of .relay 2WZ by
the energization of a circuit closed from .(4),
through a circuit including back contact 85 of
relay 2AN, front contact 86 of relay 2BN, and
upper winding of -relay 2WZ, to (—). Such en-
ergization causes the operation of the polar con-
tacts of relay 2W2Z to a right hand position, and
the picking of the neutral contacts 81 and 88 to
close -an obvious circuit for switch machine 28M
energized with the proper polarity to operate the
track switches 2TSA and 2TSB to a normal
locked position.

Relay 2RCR is dropped away. upon: the picking
up: of reley 2BN by‘the. opening of back contact
86, and the dropping away of that relay closes
the "above described stick circuit for relay 2LS
to provide that relay. 2LS is maintained picked up
until the track switches 2TSA and 2TSB have
been operated to their normal locked positions to
cause the energization of a circuit heretofore de-
scribed for relay ¢NCR. "The picking up of-relay
2NCRopens that:stick-circuit: for rélay’ 2IiS -at
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‘A stick-cirenuit is closed:for relay 2WZ-to main-

-tain it picked up, irrespective of -the self-select-

ing.network relays, until:the .track switches have
completed their operation, from -(4-), through

- circuit including back contact 87 of relay 2WP,
front:contact-88 of .relay:2WZ, ;polar contact :89

of relay 2WZ in a right hand:position, and upper
winding of relay 2WZ, to .(—).
If the track -switches 2TSA .and 2TSB are

-Jocked in:a normal position at a time-when either

of the-normal switch control relays 2AN or 2BN
are picked up, relay 2LS is dropped away upon
the-picking up of relay :2WZ because its circuit

is.opened by the picking up.of relay 2W2Z at:back
-contact 49, and a stick circuit .is held open :at

lrack contact 83 of relay 2NCR.
It is obvious that relay 2AN, when picked up,
in setting-up a route on the top track including

track switch. 2TSA in .a normal position, effects

a similar mode .0of operation of the system in
causing-the positioning of :the track switch when
a circuit is closed at.front contact 85 of relay

2AN to cause the energization of relay 2WzZ.

Auziliary switch conirol. 'To provide a means

" by which.an operator can cause the operation of
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any -particular track switches without  clearing
the signals, as is :desirable in freeing track
switches of obstructions .such, for example, as

.snow and ice, and in order that an operator can

have an auxiliary means for setting up routes in
case of failure of the self-selecting network, a
switch control lever SML is. provided for.each of
the crossovers and single track switches as ‘is
typically -shown -in \Fig. 2 for the lever 28ML
-associated with the crossover having the track
switches 2TSA and 2TSB.

The lever -2SML, for example, has been illus-
trated as-having three positions, a center nor-
mal position, a right-hand norma]l operating posi-
tion, and-a left-hand reverse operating position.

The operation of the lever 2SML to a right-
hand position at a:time when the normal condi-
tions of the system exist as described -causes
the center winding-of relay 2AN to be energized
by -an obvious circuit including contact 9§ of
lever 28ML in a right-hand position, and the
center winding of relay 2BN is also energized by
an obvious ecircuit including contact 41 of lever
2SML in a right-hand position. The picking up
of those relays, due to such energization, causes
the energization of relay 2WZ and the position-
ing .of the track switches in the same manner as
has been heretofore described.

If the lever.2SML is operated to a left-hand
position at a time when the normal conditions
of the system exist, an obvious circuit is-closed
for the energization -of the center winding of
relay 2R including contact 90 of lever 28SML
closed in a left-hand position, and the picking
up of relay ZR, due to such energization, causes
the positioning of the track switches 2TSA and
2TSB in a manner similar to that heretofore
described.

Signal controls—Inasmuch as the signal con-
trol circuits for each interlocked group are pro-
vided in a similar manner, the signal controls will
be described for the routes heretofore assumed
to be set up, as typical of the signal control cir-
cuits provided for governing the energization. of
entering signals for each of the.other possible
routes included in’this embodiment of the pres-
ent ‘invention.

Thus, assume as a typical example, that a
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route has been set up from signal 18 to signal 3
as heretofore described, that the track switches
2TSA and 2TSB have been operated to their re-
verse locked positions, and the relay 2LS is

dropped away to close a circuit for the energiza- -

tion of relay 180G (see Fig. 3A) from (),
through a circuit including front contact 9i of
relay 13XR, back contact 92 of relay 2LS, back
contact 93 of relay 2NCR, front contact 84 of
relay 2RCR, back contact 95 of relay 2NCR, back
contact 85 of relay 2LS, back contact 97 of relay
18XR, front contact 88 of relay 10NR, and wind-
ing of relay 10G, to (—). The picking up of
relay {8G, due t0 such energization, causes the
-extinguishing of the red lamp in signal {8 by the
opening of back contact 99, and causes the illu-
mination of the green lamp in signal {6 by the
closing of front contact 99.

In a similar manner, relay 111G is picked up
and signal 11 is cleared when & route is set up
from signal {i to signal 13. When relay 2LS is
dropped away, after track switches 2TSA and
2TSB have been operated to their normal posi-
‘tion in setting up such a route, a circuit is closed
for relay {{G, from (<), through a circuit in-
cluding front contact 81 of relay 13XR, back con-
tact 92 of relay 2LS, front contact 83 of relay
ZNCR, back contact 180 of relay [IXR, front
contact {6f of relay ({NR, and winding of relay
11G, to (—). Thepicking up of relay 1 IG causes
the extinguishing of the red lamp in signal 11
and the illumination of the green lamp by the
shifting of contact {02.

Thus, it should be readily apparent to those
familiar with the art that similar circuits are
provided for each of the signals, each signal
control circuit including contacts of each lock
repeater relay LS for each track switch included
in the route set up for that interlocked group, and
contacts of the correspondence repeater relays
NCR and RCR positioned for the track switches
in that route, the same circuit selections being
used for opposing signals.

Route and approach locking.—In order to sim-
plify the present disclosure, the form of route
locking shown in the prior patent of Langdon,
Patent No, 2,148,865, dated February 28, 1939,
has been used, thus providing that reference can
be made to that application for the details of
the typical means by which the route locking re-
lays ES and WS (shown in this disclosure bearing
similar letter reference characters to route lock-
ing relays of that application) are controlled. It
is to be understood, however, that other forms
of route locking can as well be employed, and
that approach locking can be provided when
required in a manner similar to that shown, for
- example, in the patent to E. F. Stoltz, Patent
No. 2,115,511, dated April 26, 1938.

For the purpose of understanding the present
invention, it is believed sufficient to assume the
relays ES and W8 (see Fig. 2) to be normally
energized directional stick route locking relays
brovided for the various track sections and con-
trolled in such a manner that they are dropped
away for the portion of a route set up in advance
of each ftrain, and that they are picked up for
each section released by a passing train. The
dropping away of the route locking relays ES and
WS causes the dropping away of the lock relay
L associated with that track section. 'The drop-
ping away of the lock relays L, under such con-
ditions, effects the electric locking of the respec~
tive track switches.
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Restoration to normal—The restoration to
normal of a signal and the parts of the system
associated with setting up a route, is largely
dependent upon the relay NR for the entrance
point of the route to be restored. Each entrance
relay NR has a stick circuit that can be opened
either by the manual control of an operator, or
by automatic control upon the passage of a train.

To illustrate how each route is restored by
manual control, assume a route to be set up as
heretofore described from signal 18 to signal 13,
and signal {8 to be cleared. To restore signal {8
to stop, and the parts of the system associated
with setfing up that route to normal, assume
that an operator pulls out buton I8B (see Fig.
1A) to cause the dropping away of relay |NR
by opening its stick circuit at normally closed
contact 56 of button 16B. The dropping away of
relay. {8NR causes the dropping away of relay
{8G (see Fig. 3A) by opening the circuit for
that relay at front contact 88 and the dropping
away of relay {0G causes the extinguishing of
the green lamp in signal {0 by the opening of
front contact 89, and causes the illumination of
the red lamp in signal 19 by the closing of back
contact 99.

When relay I8NR drops away (see Fig. 1A),
the circuit for relay (8XR heretofore described
when considering the mode of operation of the
self-selecting network, is opened at front con-
tact 64 to cause that relay to drop away. Upon
the dropping away of relay 13XR, the circuit for
the upper winding of relay 2R is opened at front
contact 13 to cause that relay to drop away, and
thus complete the restoration to normal of the
self-selecting network relays associated with the
setting up of a route from signal 10 to signal 3.

Upon the restoration of signal {8 to stop, in
restoring to normal a route set up from signal
{8 to signal {3, the directional stick route locking
relays 28ES and 28ES are picked up by the
energization of circuits provided as is typically
shown in the above mentioned prior Langdon
application, Ser. No. 176,466, filed November 286,
1937. When relay 25ES picks up, the normally
energized circuit heretofore described for relay
25L is closed at front contact 43 (see Fig. 2), and
when relay 26ES is picked up, the normally ener-
gized circuit for relay 28L is closed at front
contact 40 to cause the picking up of that relay.

The dropping away of relay 2R, under such
conditions, opens the circuit for relay 2WZ at
front contact 52 to cause that relay to drop away,
and after relay 2WZ has dropped away and relays
25L and 26L have been picked up, the lock re-
peater relay 2LsS is picked up by the energization
of its normally energized circuit heretofore
described.

Thus, in a similar manner, each of the signhals,
and the relays associated with setting up each
of the routes can be restored to normal at the
will of an operator.

A very similar mode of operation is employed
when automatic restoration is effective upon
passage of a train. That is, the stick circuit for
the entrance relay NR for the route to be re-
stored is opened by the entering of a train into
the route, the dropping away of that entrance
relay effects the restoration of the associated sig-
nal to stop, and it also causes the restoration of
the self-selecting network relays associated with
that route set up, to normal. It is provided,
however, that the relays AN, BN, N and R in-
cluded in the route restored upon passage of a
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train are delayed in dropping away until that
train has left the detector track section- associ-:
ated with the track switch for which that relay
is provided. Such mode of operation is provided:
-in: order to prevent the preconditioning of the
self-selecting network in a manner and: for pur-
poses hereinafter set forth.

To consider a typical example of how each
signal is automatically restored to stop, and the
relays associated with each route, upon the pas-
sage of a train, assume a route to have been-set
up as heretofore described extendinig from signal
10 to signal 13, and assume an approaching {rain:
to enter track section 25 after accepting signal 10:;
The dropping away of relay 25T opens the circuit
for relay I0NR (see Fig. 1A) at front contact 59;
prior to the closing of back contact 68 of relay
25TP, to provide that relay 10NR is-dropped away:
The dropping away of relay IONR opens the cir-
cuit for relay I3XR at front contact 64, and the
dropping away of relay I3XR opens the circuit
for the upper winding of relay ZR at front con-
tact 18. The center winding for relay 2R is, how-
ever, maintained energized, because relay 25L is
dropped away, due to the opening of front con-
tact 44 of relay 25T (see Fig. 2), from (4,
through a circuit including back contact 103 of
relay 251, front contact {04 of relay 2R, back
contact 185 of relay 2AN, center winding’ of relay
2R, and back contact 106 of relay 2BN, to (—).

Relay 26L is in a dropped away position be-
cause of the opening of front contact 40 of the
route locking relay 26ES, thus, stick energy is also.
provided for the center winding of relay 2R by &
circuit closed from (+), through a circuit in-
cluding back contact 187 of relay 261, front con-
tact 108 of relay 2R, back contact 105 of relay
2AN, center winding of relay 2R, and back con-
tact 106 of relay 2BN, to (—). .

When the passing train leaves track section 29;
the picking up of relays 28T and. 25ES causes the
picking up of relay 25L: by closing the circuit for
that relay at contacts &4 and 43 respectively, and
the picking up of relay 25L opens one of the above
described stick circuits for relay 2R at back con-
tact 103, the other stick circuit heretofore de-
scribed for relay 2R is, however, maintained ener-
gized until the passing train leaves track section
26 to cause the. picking up of relay 26L when its
circuit is closed at front confacts 41 and 40 of
relays 26T and 26ES respectively. Affer relay
26T is picked up, the other stick circuit for relay
2R is opened at back contact 187 to provide that
relay 2R is restored to normal.

The stick circuits thus described for relay 2R,
are typical of the stick circuits provided for
each of the other self-selecting network switch
control relays AN, BN, N and R, the stick circuits
for the normal switch.control relays being asso-
ciated with only the lock relay associated with
that track switch. That is, relay 2BN can be
maintained by a stick circuit closed by relay 26L,
associated with the lower track, and relay 2AN
can be maintained by a stick eircuit closed by
relay 25L associated with the upper track.

The relays AN, BN, N and R are réstored. to
normal after their stick circuits are opened, be-
cause their pick up circuits are opened by’ the
dropping away of the entrance relay NR for that
route in the same manner as has been hereto-
fore described in considering how those relays-are
restored to normal under the manual control of
an operator.

Prevention of preconditioning of routes—Inas~
much as-it is considered undesirable to allow- the
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self-selecting network: to be conditioned for:
routes before they are available, the system pro-
vided: in accordance with the present invention
has:been arranged to prevent such: precondition-
ing. A reason why the preconditioning of routes:
is. not: desirable is that, if it were allowed, the:
momentary loss of shunt, due, for example, to
rusty rails; could cause thie positioning of track
switches at a time when such positioning is un-
safe and undesirable,

The delay in the dropping away of the relays
AN; BN, N'and'R in the self-selecting network by:
the stick circuits dependent upon the route lock-
ing, provides:the means by which the precondi-
tioning of the network is prevented. Thatis, the
self-selecting network relays for positioning the
track switches are maintained picked up for that
section: of” each route for which: tie route locking
is -effective, and the opening of the normally
closed contacts in the initiating network, due to
those relays being picked: up, prevents the.ener-
gization of any exit relay for setting up a route
conflicting” with: any route already set up.

To:consider an example: of suci mode of oper-
ation, assume relay 2R (see:Fig. 1A) to be main-
tained picked up:by the route locking, due to-the
presence of a train in track section: 25 or 26:
Also, assume that, at that time, an operator at-
tempts to- set up: a route from signal It to- sig-
nal {3. The deptession of button: F'1B:for the en~
trarce point at signal It causes the picking up of
relay I'INR, but the depression: of button 13B for
the: exit point is ineffective for causing the pick-
ingup-of relay 13XR because the: circuit for that
relay is opened at back contact 71 of relay 2R.
The entrance relay | INR must be-restored:by the
pulling out of buttonn ['IB-in order to cause the
dropping away of relay NPU: to- allow- the picking
up- of another entrance relay in- setting up the
next route.

To prevent the preconditioning of the system:;
other than dllowing the-picking up of an-entrance
relay, which in itself is not objectionable, when
buttons are depressed for an impossible rotte,
suich, for example; as from signal 10:-to signal 1,
it is' provided that the self-selecting network
autoihatically cuts off the control of the exit relay
for-that impossible route, and causes restoration
to normal of all of the relays except the relay
for the entrance point, which must be restored by
an-operator in the usual manner before another
entrance relay can be picked up for setting up the
next proposed route.

To: consider an example of such a mode of
operation; assume an operator to- depress button
{0B and cause the picking up of relay I0NR at a
time when the heretofore described normal con-
ditions of the system exist. Also, assume an
opéerator to depress the button i11B, following the
picking up of relay {0NR, under such conditions.
The-depression of button 1B causes the picking
up of relay I'I|XR by the energization of a circuit
closed: from (4), through a circuit including
front contact 64 of relay iONR, back contact 65
of relay 2AN; back contact §6 of relay 2BN, back
contact 1T of relay 2R, back contact 16 of relay
[NR, winding of relay XR, and contact I10 of
button- (I B closed in a depressed position; to'(—).

The- picking-upof relay IMXR, under such-con-
ditions, causes-the picking up of relay 2BN, when
% circuit is closed- for' the energization of that
relay from (), through a circuit including front
contact 111 of relay ftXR, back- contact 112 of
relay 2R, and lower wihding of relay 2BN, to (—).
When- relay-2BN-is picked-up, thie above described
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circuit for relay I IXR is opened at back contact
65, to cause that relay to drop away.

Thus, it is provided, that, upon restoration of
the button for the exit point to normal, when
an impossible or an unavailable route has been
defined, ‘the exit relay associated with that exit
point is dropped away, as, for example, relay
1H{XR is dropped away upon the picking up of
rélay 2BN, and the dropping away of that exit
relay opens the circuit for the completion net-
work relays picked up at that time, dependent
upon that exit relay as, in the example consid-
ered, when the dropping away of relay 1IXR
opens the circuit for relay 2BN, at front contact
I11 to-cause relay 2BN to drop away.

In addition to the above described means pro-
vided. for the prevention of the preconditioning
of routes, it is further provided, by the slow ac-
tion in_ the lock repeater relay LS (see Fig. 2),
that all switch control relays for each .track
switch must be dropped away for an interval of
time before the picking up of a switech control
relay can be effective for causing the positioning
of the track switch with which it is associated.
Thus, if the picking up of a switch control relay
is preconditioned as, for example, by the position-
ing of the auxiliary switch control lever SML
for that track switch at a time when the switch
control relay for the opposite position of the
track switch is picked up, that relay is picked up
as soon. as the relay energized for the opposite
position of that track switch is dropped away,
before the relay LS for that track switch has had
time to pick up. Such mode of operation pro-
vides that the lock relay LS does not have a
chance to be picked up to render effective the
positioning of the track switch. Under such con-
ditions the lever SML must be restored to normal
to allow the picking up of relay LS before it can
be effective for causing the positioning of the as-
sociated track switch. The control of a track
switch -to provide the above described mode of
operation is' conveniently called “lever lock
equlvalent .

To consider a typical example of such a_ con-
dition, assume relay 2R to be maintained plcked
up by the dropped away position of relay 25L
and/or relay 26L. Also, assume an operator to
operate lever 2SML to a right-hand position.
Upon the picking up of the lock relays L, relay
2R is dropped away by the opening of its circuit
at back contacts 183 and 107 of relays 25L and
28L: respectively, and the dropping away of that
relay effects the dropping away of relay 2WZ by
opening the circuit for that relay at front con-
tact 52. The dropping away of relay 2R also
closes an obvious circuit for the picking up of
relays 2AN and 2BN, which, in turn, cause the
picking up of relay 2WZ by closing the circuit
for that relay at front contact 85 of relay 2AN.
Due to the slow acting characteristics of relay
2LS, that relay does not have time to pick up
during the short interval of time in which its
pick up circuit is closed at back contact 49 of
relay 2WZ. Thus, it is provided that the relay
WZ must be dropped away for an interval of time
greater than that required for the shifting from
one switch control relay to the other, when the
dropping away of the first switch control relay
closes a circuit for the energization of the switch
control relay for the opposite position of the
track switch. -

End-to-end control—To consider the general
mode of operation of the system in setting up a
route by end-to-end control, the prineiples of
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which are applicable to practically any condition
encountered in practice, assume an operator to
set up a route by end-to-end control, for ex-
ample, from signal {0 to signal 20, at a time when
the normal conditions of the system exist as
illustrated.

The picking up of relay lllNR (see Fig. 1A), due
to the depression of button 10B, applies energy
to the initiating network for the confrol of the
entrance repeater relays NP.

In accordance with the principles of the end-
to-end system for control, an entrance repeater
relay NP is energized for each intermediate en-
trance point included in each available possible
route emanating from the designated entrance
point. Thus, the entrance repeater relays [4NP
and {BNP (see Fig. 1B) are picked up because
they are associated with possible entrance points
in routes emanating from signal {0, and the pick-
ing up of those entrance repeater relays feeds
energy through the initiating network to the en-
trance repeater relays I8NP and {9NP (see Fig.
iD) for the next interlocked group. In a similar
manner, the picking up of entrance repeater re-
lays NP is effected in a cascade manner from the
entrance relay associated with the designated
entrance point through each possible route for
any particular track layout encountered in prac-
fice, irrespective of the number of interlocked
groups included in the system, and irrespective
of the number of possible routes emanating from
the designated entrance point.

The picking up of the entrance repeater relays
NP applies energy to the initiating network for the
control of the exit relays XR for the particular in-
terlocked group with which those relays are asso-
ciated in a very similar manner to that by which
the entrance relays NR apply energy to that ini-
ating network for the control of the exit relays
XR.

When an operator depresses button 20B (see
Fig. 1D), after the entrance repeater relays NP
have heen picked up, relay 20XR is picked up, be-
cause energy is supplied to that relay through
the initiating network from entrance repeater
relay {8NP. When relay 20XR is picked up, the
picking up of the switch control relay TAN in the
completion network is effected as if a route was
being set up within the interlocked group from
signal 18 to signal 20, and the picking up of relay
TAN closes a circuit to cause the picking up of
the entrance relay {8NR for the entrance point
at signal 18.

Upon the picking up of relay {8NR, a circuit is
closed for the energization of relay I6XR (see
Fig. 1C), because that relay receives energy
through the initiating network from entrance
repeater relay {4NP as well as from entrance re-
peater relay ISNP. After relay {6XR has had
time to pick up, relay (8NP is dropped away, and
the portion of the through route being set up
from signal 18 to signal 20 is established and the
self-selecting network maintained in a manner
similar to that when a route is set up between
those entrance and exit points by the actuation
of the buttons I18B and 20B respectively.

Upon the picking up of relay 16XR, relay 6AN
is picked up (see Fig. 1F), and the picking up of
that relay effects the picking up of relay 5AN.
When relay 5AN is picked up, relay 4N is ener-
gized, and the picking up of that relay causes the
energization of relay 3AN.

After relay 3AN has been picked up, the cir-
cuit is closed for the energization of relay [4NR
(see- Fig. 1C); and the picking up of that relay,
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ih combination with the picked up position of
relay HINP, causes the picking up -of relay 12XR
(see Fig. 1A), which also is dependent for ener-
gization upon energy supplied through the ini-
tiating network from entrance relay 10NR.

After relay {2XR has had time to pick up; the
entrance repeater relay 14NP is dropped away,
to cause the self-selecting network for the por-
tion of the route from signal 14 to signal 6 to
assume the same conditions as would be assumed
if a route between those entrance and exit points
was set up within that interlocked group by the
actuation of buttons (4B and I6B respectively.

The picking up of relay 12XR (see Fig. 1A)
causes the picking up of relay 2AN, the picking
up of which completes the selection of the
through route extending from signal 48 to sig-
‘nal 20.

The control of the entrance repeater relays NP
is so selected that the relays provided for en-
trance points included in the route which is actu-
ally-set up are dropped away when the entrance
relays for the intermediate points are picked up
in building back in the circuits toward the en-
trance relay for the entrance point ‘designated,
and the relays NP for the intermediate points
not included in the route which is actually set
up are -dropped away by the opening of the cir-
cuits for those relays at points of conflict in the
initiating network with the route set up.

To consider the details of the circuits by which
the above described general mode of operation of
the system is provided in setting up a route by
end-to-end control from signal 18 to signal 28,
assume an operator to depress button 18B (sée
Fig. 1A), and cause the picking up of relay 1INR
by the energization of the circuit heretofore de-
scribed, and the picking up of that relay 18NR
to close a stick circuit for that relay.

Upon.the picking up of relay I8NR a circuit is 4

closed for the energization of relay I4NP (see
Fig. 1B), from (), through a circuit including
front .contact 382 of relay 18NR (see Fig. 14),
back contact {13 of relay 2AN, back contact {4
of relay 2R, wire 115, back contact 116 .of relay
{4XR, back contact 117 of relay I4NR, and wind-
ihg of relay 14NP, to (—). A circuit is also closed
gt the same time for relay 8NP, from (+),
through a cireuit including front contact 382 of
relay (8NR (see Fig. 14), back contact (i3 of
relay 2AN, back contact 114 of relay 2R, rectifier
118, back contact 119 .of relay 2BN, wire 120, back
-contact 121 of relay I5XR, back contact 122 of
relay 15NR, and winding of relay I5NP, to (—).

Upon the picking up of relay {4NP, a circuit
is-closed for relay I8NP (see Fig. 1D), from (4),
through a ¢ircuit including front contact 123 of
relay 14NP (see Fig. 1B), back contact 124 of re-
lay 3AN, back contact 125 of relay 3R, rectifier
126, back contact 127 of relay 4N, back contact
128 of relay 4R, wire 129, back contact 130 of
relay SAN, back contact 13f of relay SR, back
contact 132 of relay €AN, back contact 138 of
relay SR, wire (34, back contact 185 of relay
18XR, back contact 136 of relay [8NR, and wind-
ing of relay 18NP, to (—).

The picking up of relay 15NP causes the pick-
ing up of relay ISNP (see Fig. 1D) by the ener-
gization of a circuit closed from (), through a
cirenit including front contact 137 of relay IENP
(see Fig. 1B), back contact 138 of relay SR, back
contact £29 of relay 3BN, wire (49, back contact
441 of relay 3R, back contact 142 of rélay $BN,
back contact 143 of relay 6R, back contact 144
of relay 6BN, wire 145, back contact (4§ of rélay
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19XR, back-contact 147 of relay 19NR, and wind-
ing of relay I8NP, to (-). ‘

Upon depression of the exit button 20B (see Fig.
1D), relay 20XR is picked up by the enérgization
of a circuit closed from (+), through a circuit
including resistance 148, front contact 149 of
relay 8NP, back confact 198 of relay TR, back
contact 151 of relay 20NR, winding of relay 20XR,
and contact 152 of button 20B, closed in a de-
pressed position, to (—). A stick circuit is closed
upon the picking up of that relay at front con-
tact 153 to shunt contact 152 of button 29B out
of the circuit just described.

The picking up of relay 20XR causes the pick-
ing up of relay TAN by closing an obvious cir-
cuit for the upper winding of that relay at front
contact 153, and the picking up of relay TAN
causes the picking up of relay I8NR by the en-
ergization of & circuit closed from (+4), through
a circuit including froht contact 156 of relay
80T, normally closed contact 164 of button 8B,
back contact 155 of relay 18XR, lower winding of
relay (8NR, front contaét 157 of relay (8NP,
front contact 158 of relay TAN, back contact 150
of relay TR, back contact +5i{ of relay 20NR,
winding of relay 20XR, and front contact {53
‘of relay 20XR, to (—).

Upon the picking up of relay {8NR, a stick
circuit is closed for maintaining that relay and
relay 29XR energized, dependent upon passage
of a train, from (+4), through a circuit includ-
ing front contact 156 of relay Z0T, normally
closed coritact 158 of relay 188, back contact 155
of relay I8XR, lower winding of relay 18NR,
front contact 159 of relay I18NR, back contact
180 of relay IR, back contact 151 of relay 20NR,
winding of relay 20XR, and front contact 153
of relay 20XR, to (=).

Upon the picking up of relay I8NR, the circuit
for relay 8NP is opened at back contact 136 to
cause that relay to drop away, but, due to the
slow drop away characteristics of relay (8NP, a
circuit is closed for fthe -energization of relay
{6XR (see Fig. 1C), long enough to allow that
relay to pick up and close a stick circuit prior to
the dropping away of relay I8NP, from (4),
through a circuit ineluding resistance (68 (see
Fig. 1B), front contact 161 of relay I14NP, back
contact 162 of relay 3R, back contact 163 of relay
&R, wire 164, back contact 165 of relay SR, back
contact 166 of relay 6R, back contact 187 of
relay (8NP, back contact 168 of relay 16NR,
winding of relay I6XR, wire 189, front contact
116 of relay 18NR, and front contact {71 of relay
I8NP, to (~). Stick energy is applied to that
circuit at front contact 112 of relay (6XR to
maintain that relay picksd up after relay (8NP
has dropped away.

Upon the picking up of relay I16XR, relay 6AN
(see F'ig, 1F) is picked up by the energization of
a circuit closed from (4-), through a circuit in-
cluding upper winding of relay 6AN, back contact
173 of relay 6R, and front contact {74 of rélay
16XR, to (—). After relay 6AN is picked up,
g circuit is- closed for the -energization of relay
BAN from (4), through-a circuit including front
contact 175 of relay I4NP (see Fig. 1E), wire 176,

-upper winding of relay 5BAN, back contact 1717 of

relay 5R, front contact 178 of relay 6AN, and
back contact {74 of relay {6XR, to (—~). Front
contact 350 of relay 14NR (see Fig. 1®) is con-
nected in multiple with front contact 175 of
reldy H4NP to maintain the cireuit for relay 6AN
closed after relay 14NP is dropped away. A cir-
‘euit is -also closed .at the .same: time for .the en-
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ergization of relay SR from (4), through a cir-
cuit including back contact 179 of relay 5AN (see
Fig. 1F), upper winding of relay 5R, back con-
tact 180 of relay 5BN, front contact 178 of relay
6AN, and front contact 174 of relay I6XR, to
(—). Due to the slow acting characteristics of
relay 8R, as compared to relay 5AN, relay 5AN
picks up and opens the circuit just described for
relay SR at back contact 119, to provide that the
normal position for the track switches associated
with crossover 5Zs is selected. ) :

Upon the picking up of relay 5AN, a circuit is
closed for the energization of relay 4N (see Fig.
1E), from (4), through a circuit including front
contact 181 of relay (4NP, back contact 353 of
relay 3R, upper winding of relay 4N, back con-
tact 182 of relay 4R, wire 183, front contact 184
of relay 5AN, front contact 178 of relay 8AN, and
front contact 174 of relay 16XR, to (—). Front
contact 381 of relay 14NR (see Fig. 1E) is con-
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nected in multiple with front contact 181 of re-

lay I14NP to maintain the circuit for relay 4N
closed after relay 14NP is dropped away.

The inclusion of back contact 353 of relay 3R
in the circuit for relay 4N provides that relay 4N
cannot be picked up in setting up a route from
signal 22 to signal 18 when relay I4NR is picked
up for a parallel route set up, such, for example,
as for a route set up from signal 14 to signal 19,

Upon the picking up of relay 4N, a circuit is
closed for the energization of relay 3AN, from
(+4), through a circuit including upper winding
of relay 3AN, back contact 185 of relay 3R, front
contact 186 of relay 4N, wire (83, front contact
184 of relay 5AN, front contact 178 of relay 6AN,
and front contact 1714 of relay 16XR, to (—).

After the last of the switch control relays (re-
lay 3AN) has been picked up for that particular
interlocked group, the entrance relay 14NR (see
Fig. 1B) is picked up by the energization of a
circuit closed from (<), through a circuit in-
cluding front contact 188 of relay 21T, normally
closed contact 187 of button (4B, back contact
46 of relay 14XR, lower winding of relay (4NR,
front contact 189 of relay I4NP, front contact
190 of relay 3AN, back contact 162 of relay 3R,
back contact 163 of relay 4R, wire (64, back
contact 1565 of relay 5R, back contact 166 of relay
6R, back contact 167 of relay I6NP, back con-
tact 168 of relay 16NR, winding of relay (6XR,
and front contact 1712 of relay 16XR, to (—).
The picking up of relay I4NR, due to such en~
ergization, closes a stick circuit for that relay
and for relay 16XR, from (4), through a circuit
including front contact (88 of relay 27T, con-
tact 187 of button {4B closed in a normal posi-
tion, back contact 46 of relay 14XR, lower wind-
ing of relay 14NR, front contact 19{ of relay
{ANR, back contact 162 of relay 3R, back con-
tact 163 of relay 4R, wire 184, back contact 185
of relay 5R, back contact 166 of relay 6R, back
contact 167 of relay 16NP, back contact 168 of
relay 16NR, winding of relay 18XR, and front
contact 12 of relay 16XR, to (—).

The picking up of relay 14NR causes the drop-
ping away of relay {4NP, but prior to the drop-
ping away of that relay, relay 12XR (see Fig. 1A)
is picked up by the energization of a -circuit
closed from (4-), through a circuit including
front contact 64 of relay I6NR, back contact
{92 of relay 2R, back contact 193 of relay 12NP,
back contact 194 of relay I12NR, winding of re-
lay 12XR, wire 195, front contact 196 of relay
14NR, and front contact 197 of relay I4NP, to
(—). The picking up of relay 12XR closes &
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stick circuit for that relay at front contact 198
to ‘maintain that relay picked up after relay
14NP has dropped away.

Relay 2AN is picked up, upon the picking up
of relay 12XR, when a circuit is closed for that
relay from (+4), through a circuit including
winding of relay 2AN, back contact 199 of relay
2R, and front contact 280 of relay 12XR, to ().

Responsive to the picking up of relays 2AN,
38AN, 4N, 5AN, 6AN and TAN, the respective
track switches associated with those relays are
operated to a normal locked position, and sig-
nals 19, 14 and 18 are cleared by the energization
of circuits similar to the signal control circuit
heretofore described as typical.

The picking up of relay 2AN causes the drop-
ping away of relay ISNP by opening the circuit
for that relay at back contact 113, and the drop-
ping away of relay ISNP opens the circuit for
relay 19NP at front contact 137 to cause that
relay to drop away.

Assuming the track switches to require com-
paratively the same time for operation, signal
10 will be the last signal to clear in sefting up
the route, and the clearing of that signal causes
the dropping away of the entrance pick up bus
relay NPU by opening the circuit for that relay
at back contact 6f of relay 18G. (see Fig. 1A).
If, however, there is a difference in the operating
time of the track switches, the entrance pick up
bus relay NPU is maintained energized until
the last of the signals included in the composite
route being set up is cleared, irrespective of
whether or not that is an intermediate or an en-
tering signal.

It is believed to be expedient at this time to
point out the reason for some of the circuit se-
lections included in the circuits for providing
end-to-end control. It will be noted that the
initiating network for controlling the relays NP
includes, so to speak, positive as well as inverse
selections. That is, it includes back contacts
of switch control relays that must be picked up
in the portion of the route between a desig-
nated entrance point and the entrance point as-
sociated with the relay NP to be energized, and it
includes back contacts of switch control relays
for conflicting positions of track switches in-
cluded in that portion of the route. Thus, for
example, the circuit for relay I4NP includes back
contact 113 of relay 2AN (see Fig. 1A) as a
positive selection to provide that relay 14NP can-
not be picked up if a route is set up between sig-
nal 18 and signal 12, or if a train is in that sec-
tion; and the circuit for relay [4NP also includes
back contact {4 of relay 2R, as an inverse se-
lection to provide that relay 14NP cannot be
picked up if the proposed route conflicts with a
route already set up.

It will be noted that, in the shifting of the
means for supplying energy for the exit relay
from the relay NP to the relay NR, the exit relay
remains continuously energized. That is, for ex-
ample, energy is supplied, in setting up the above
described route, for relay 26XR (see Fig. 1D)
at front contact 149 of relay ISNP until relay
I8NR is picked up to supply stick energy for
relay 20XR through the winding of relay 18NR
and front contact 159. The resistance 148 con-
nected to front contact 149 of relay I8NP is
merely for the purpose of maintaining constant
the operating current values for the exit relays
energized through that portion of the initiating
network.

In passing energy through to the exit relay for
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an intermediate interlocked .group when .set-
ting sup a .route by -end-to-end control, it .is nec-
-essary that the entrance relay NR and .the .en-
trance repeater relay NP -be -picked -up for the
intermediate -entrance point in the adjacent in-
terlocked group, -before .that exit relay can be
Jpicked up; for example, relays I8NR and (8NP
must-be picked up to close contacts 170 and 111
-respectively before relay 16XR .can be picked
up .in setting up.a route by end-to-end control
from signal (0 to signal 20. This particular
selection :of the circuits :provides that .a route
initiated by the defining of an entrance point
only, -cannot ‘be completely set .up by -energy

feeding through the network from the relays for .

another interlocked group energized for a route
set up, or energized on -account of the route
locking being -effective due to the presence of .a
i#rain in that interlocked ‘group.

"Thus, for ‘example, if -a route is set up from
signal I8 to signal 20 .and an operator -actuates
button 48B for designating an -entrance point
for 'a proposed ‘route, relay 16XR (see Fig. 1C)
‘can ‘be energized only -by the depression of but-
ton 18B, because the circuit by which that relay
s -automatically picked up in.setting -up .a route

10
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25

past that point by rend-to-end -control, -is -open -

at front contact .[1{ .of relay 8NP (see Fig.
1D). Relay #8NP is not picked up -under such
.conditions because the circuit for that relay ‘is
.open at back-contact 136 of relay I8NR, if an ap-
proaching :train -had passed -signal #8 ‘when a
route was set up for that train from signal {8
1o signal 28,.and -when relay -IONR is picked up,
relay 8NP would pick up, but relay 8NR would
sbe dropped away to hold the cireuit open for
relay H6XR at front contact -110.

Upon consideration of -the :general mode -of
;operation ‘of ‘the :end-to-end system of -control,

it will be readily -apparent that -the system can ¢

be extended through as many interlocked:groups
-as :desired, and that it is :possible to set -up a
route by end-to-end control ‘between interme-
‘diate points.as well as between -the extreme ends
«of the interlocking plant. “That is, for exam-

30

35

45

ple, an operator can set up.a:route by end-to-end

:control Trom signal 14 to signal:20 by actuation
.of contact buttons 14B and.20B successively.
The depression of 'button #4B, under such con-
-ditions, causes the picking up of relay :*#4NR
(see Fig. 1B) by the energization .of a circuit
closed from (), through ‘a circuit including
back contact .85 of ‘rélay NPU, :entrance ‘relay
pick up bus PU, contact 261 :of button 148
closed in :a depressed ‘position, back contact 202
of relay (4XR, and upper winding of relay
H4NR, to (—). The picking up of relay :t4NR
closes a stick circuit for that relay Trom (4),
through a wcircuit including front contact (83
of relay 27T, contact (87 of -button {4B closed
ine depressed and a normal pesition, back .con-
tact 46 of relay A4XR, front contact 263 -of re-
lay 14NR, and upper winding of relay {8NR, fo
(—). Back contact 204 .of relay 21TP s in-

cluded -in that stick ecircuit -in mulfiple with -

front -contact :§88 of relay 27T to .allow ‘the sab-
ting up .of a :route for -a following :train -when
the preceding train -occupies track :section -27.
The picking up .cf relay [8NR -closes a circuit
for relay
including -front contact 283 of relay 44NR, hack
contact 423 of relay (4NP, .and the same -circuit
as heretofore described for relay -8NP, to (=),
Upon depression of button .28B, .following the

picking up -of relay [8NP, .the route “is set up «:

I8NP from :(+4), through .a circuit 7

/50

55

13

from signal .I8 to signal .20 -and relay {8NR
picked up in the same manner as has been here-
tofore described. The picking up of relay -18NR
causes the picking up-of relay {6XR by the ener-
gization of a circuit closed from (4), through
a circuit including front contact 188 of relay
21T, contact 181 of button 14B closed in a nor-
mal position, back contact 48 of relay 14XR,
lower winding of relay {4NR, front contact 181
of relay HNR, back contact 162 of relay 3R,
back contact :1€8 of relay 4R, wire 164, back
contact 185 of relay 5R, back contact 168 of re-
lay .6R, .back contact 18T of relay I6NP, back
contact 168 -of relay 16NR, winding of relay
t6XR, wire -189, front contact 118 of relay 18XR,
and front contact 171 of relay {8NP, to (—).
When relay (6XR is picked up, relays 6AN, 5AN,
4N and 3AN .are -successively picked up by the
energization .of the same circuits heretofore
described, and the completion of the operation
of the switch .machine in accordance with -the
Dositions required for ‘the route to .be .set up
causes -the-clearing of signal 14 and signal 3.
Optional route selection.—In accordance with
the main embodiment of the present invention
it is provided that, in selecting a particular .one
of several optional routes -as being preferred,
the route available diverging nearest .the en-
trance point is set up in preference to optional
routes. In the modified form shown in .Figs.
BA and 5B, however, a means is disclosed where-

by any particular route can be given preference

over optional routes, -irrespective -of whether or
not that route diverges nearest -either the en-
trance or exit point in the route being -set up.
T'o consider the general mode of operation by
which the route diverging nearest the entrance
point is always .given preference to ontional
routes, assume an operator to designate entrance
and exit points at signals -18 and 21 respectively
by the .depression of -buttons {8B and 2/B suc-
cessively -at a time when the ‘normal conditions

.of the system exist as shown and described.

The depression-of button ‘18R causes the pick-
ing up .of relay {6NR, and the picking up of that
relay causes the picking up of the entrance re-
peater relay NP for each intermediate entrance
peint included in each.available route emanating
from signal 18. Thus, relays (4NP, {5NP, 8NP
and I9NP .are picked up.

'The depression of button 2IB for designating
the exit point in the route being set up -causes
the .energization .of relay 2I1XR (see Fig. 1D)
due to energy fed through the initiating net-
work to that relay from entrance repeater re-
lays (8NP and -1SNP, both relays supplying
energy to the .initiating network in multiple.
Upon the picking up of relay {2XR, relays IR

.and TBN are momentarily both energized, but

relay 11BN .gains preference over relay TR by

* picking up and opening the circuit for relay 1R,

due to relay TR being comparatively slow in pick-
ing up. Thus, of the two-optional routes -avail-

able having signal 21 :as an -exit point, either

from signal 8 to signal 21 or from signal {9 to
signal 21, the route requiring the track switches

:0f the crossover ¥Tfs to be normal is selected

in preference to the route requiring those track
switches to be in their reverse positions.
The picking up of relay TBN effects succes-

.sively the picking up of relays 19NR and {TXR

and the dropping away of relay |18NP in accord-

ance with the system for end-to-end control.
Upon the picking up -of relay I1XR, relays

£BN -and 6R are both -momentarily energized.
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because of available routes between the entrance
and exit points designated over the track
switches of the crossover 6%s in either normal or
reverse positions. Relay 6BN gains preference
over relay 6R and picks up because of a differ-
ence in the operating characteristics of the two
relays, and the picking up of that relay feeds
energy through the completion network to relay
5BN and causes that relay to be picked up. Upon
the picking up of relay 5BN, relays 3BN and 3R
become both momentarily energized, but relay
3BN gains preference over relay 3R and is picked
‘up because it is predetermined by the operating
characteristics of the two relays that whenever
a route is available over the track switches which
they govern in both normal and reverse posi-
‘tions, the route is set up via the route including
the track switches in normal positions.

The picking up of relay 3BN effects succes-
sively the picking up of relays IS5NR and I13XR
and the dropping- away of relay I5NP. The
picking up of relay [3XR causes the picking up
of relay 2R in preference to relay 2BN, because
relay 2BN is dependent for energization upon
the picking up of relay IINR, which, under the
assumed conditions, is in a dropped away posi-
tion. Thus, the switch control relays are picked
up for setting up the complete route from sig-
nal 10 to signal 21 via crossover 2ts.

To consider the description of the ecircuits
by which such mode of operation is effected,
assume relay I0NR to be picked up, due to the
depression of button 10B for the defining of the
entrance point for the route being set up, and
the picking up of that relay to cause the ener-
gization of relays I4ANP, (5NP, I8NP and [9NP
by the closing of the same circuits heretofore
‘described in considering the mode of operation
of the system for end-to-end control.

Upon depression of the exit button 21B, the cir-
cuit is closed for relay 21XR (see Fig. 1D), from
(4, through a circuit including resistance 221,
front contact 222 of relay 19NP, back contact
‘219 of relay TR, back contact 206 of relay 2iNR,
‘winding of relay 21XR and back contact 207 of
button 21B closed in g depressed position, to (—).
Upon the picking up of relay 2iXR a stick cir-
‘cuit is closed for that relay at front contact 208
connected in multiple with contact 287 of but-
ton 2iB. When relay 2IiXR is picked up, a cir-
cuit is closed for the energization of relay TBN,
from (4-), through a circuit including front con-
tact 209 of relay 19NP, back contact 210 of relay
‘TR, upper winding of relay TBN and front con-
‘tact 211 of relay 2iXR, to (—). At the same
‘time a circuit is closed for relay TR, from (4,
through a circuit including back contact 212 of re-
lay TAN, upper winding of relay TR, back contact
213 of relay TBN, and front contact 211 of relay
2i1XR, to (—). Relay TBN picks up before re-
lay TR has had time to pick up and opens the
circuit for relay TR at back contact 213.

Upon the picking up of relay TBN, relay {9NR
is picked up by the energization of a circuit closed
from (+), through a circuit including front con-
tact 216 of relay 31T, contact 214 of button (9B
closed in a normal position, back contact 215 of
‘relay 19XR, lower winding of relay I19NR, front
contact 21T of relay 19NP, front contact 205 of
relay TBN, back contact 206 of relay 2INR, wind-
ing of relay 21XR and front contact 208 of relay
21XR; to (—). The picking up of relay 19NR
closes a stick- circuit for the relay from (4),
-through a circuit including front contact 216 of
-relay 3T, contact 214 of button 19B closed in a
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‘normal position, back contact 215 of relay 19XR,

lower winding of relay I1SNR, front contact 218

‘of relay 19NR, back contact 219 of relay 1R, back

contact 206 of relay 2INR, winding of relay 21 XR,
and front contact 208 of relay 2I1XR, to (—).
The picking up of relay 19NR opens the circuit

for relay 19NP at back contact 147, and also

closes the circuit for relay TBN at front contact
220 to cause that circuit to remain energized after
the dropping away of relay [9INP and the open-
ing of front contact 209.

Relay ITXR (see Fig. 1C) is picked up prior
to the dropping away of relay I9NP by the en-
ergization of a circuit closed for that relay from
(+4), through a circuit including resistance 223
(see Fig. 1B), front contact 224 of relay I5NP,
back contact 225 of relay 3R, wire 226, back con-
tact 227 of relay 5R, back contact 228 of relay 6R,
back contact 228 of relay |TNP, back contact 239
of relay i{TNR, winding of relay ITXR, wire 231,
front contact 232 of relay 19NR, and front con-
tact 233 of relay I19NP, to (—). A stick circuit
is closed for relay ITXR at front contact 234 for
maintaining that relay energized after relay (INP
has dropped away.

Upon the picking up of relay ITXR, a circuit is
closed for relay 6BN (see Fig. 1W), from (+),
through a circuit including front contact 235 of
relay (8NP, wire 236, back contact 237 of relay
6R, upper winding of relay 6BN, and back contact
238 of relay ITXR, to (—). At the same time a
circuit is closed for relay 6R, from (4, through
a circuit including back contact 239 of relay 6AN,
upper winding of relay 6R, back contact 249 of re-
lay 6BN, and front contact 238 of relay ITXR,
to (—). The picking up of relay 6BN opens the
circuit for relay 6R before that relay has time
to pick up at back contact 248. Relay 66BN is
maintained picked up after relay 15NP is dropped
away by energy applied at front contact 352 of
relay I5NR.

A circuit is closed for relay $BN upon the pick-
ing up of relay 6BN, from (<), through a circuit

‘including back contact 241 of relay 5R, upper

winding of relay $BN, front contact 242 of relay
6BN, and front contact 238 of relay 1TXR, to
(—). When relay 5BN is picked up, a circuit
is closed for the energization of relay SBN from
(4), through a circuit including front contact
243 of relay 15NP, back contact 244 of relay
3R, upper winding of relay 3BN, wire 245, back
contact 246 of relay 5R, front contact 247 of
relay BN, and front contact 238 of relay ITXR,
to (—). At the same time g circuit is closed for
the energization of relay 3R from (4), through
a circuit including back contact 354 of relay 3AN,
upper winding of relay 3R, back contact 355 of
relay 3BN, wire 245, back contact 246 of relay
SR, front contact 247 of relay BBN, and front
contact 238 of relay 1TXR, to (—). Relay 3BN
picks up in preference to relay 3R because of the
difference in the operating characteristics of the
two relays.

The picking up of relay 3BN causes the pick-
ing up of relay 15NR and 13XR and the dropping
away of relay ISNP by energization of circuits
similar to those heretofore described in consid-
ering a similar mode of operation for picking
up similar relays for an intermediate point in a
route being set up by end-to-end control. When
relay 13XR is picked up, the circuit heretofore
described is closed for relay 2R to cause that relay
to be picked up because the circuit for relay 2BN
is held open at front contact 78 of relay IINR.

After the track switches are positioned in ac-
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cordance.with the switch control: relays: thus
picked up, signals 16, {15 and 19 are cleared.for
the through route from-signal 10 to signal 2{ via
crossover. 2ts. .

. If a route is.not.: avarlable from 51gnal {0 to 51g-
nal 21-via crossover 2is, due, for ‘example, to a
route set up: from signal 13 to signal ({, or'any
other condition which will cause.relay 2BN to be
picked up, the next available route will be set
up from signal 10 to signal 21 which, for the pur-
-pose of illustration, is assumed to be via. cross-
over 8¢s.” This condition is established. becauss
the entrance repeater relay (5NP cannot be picked
up if relay 2BN is picked up to open 1ts circuit at
back contact 119.

. 'Upon the picking up of the entrance rela.y IBNR
in setting up that route, entrance repeater re-
lays 14NP, {8NP and |9NP are picked up by the
energization of the same: cincuits heretofore de-
scribed, except the circuit for relay {9NP which
is energized from (4), through a circuit includ-
ing front contact 123 of relay I4NP, back contact
124 of relay 3AN, back contact 125 of relay 3R,
rectifier 248, and a portion of the same circuit
heretofore described for the energlzatmn of re-
lay 19NP, to (—).

The depression of the exit button 2IXR causes
the picking up of relay 21XR by the energization
of the same circuit heretofore described, the pick-
ing up of that relay causes the picking up.of re-
lay TBN, and the picking up of relay TBN causes
the successive picking up of relay 19NR and 1TXR
and the dropping away of relay 19NP, all'in the
'same manner as heretofore déscribed. ' The pick-
ing up of relay ITXR causes the picking up.of re-
lay 86BN by the energization of a circuit closed
from (+), through a circuit including front con-
tact 356 of relay 14NP, back contact 357 of relay
3AN, back contact 358 of relay 3BN, wire 236,
back contact 237 of relay 6R, upper winding: of
relay 6BN, and front contact 238 of relay 1TXR,
to (). Front contact 359 of relay I4NR sup-
plies energy to thateircuit when it is picked up
after the normal and reverse switch control re-
lays for that interlocked .group have all been
picked up. Relay 8R is energized at the same
time by a circuit heretofore described, but: the
relative quick action of relay 6BN prevents the
picking up of that relay. Relay 5BN is picked

up after its circuit is closed by the plckmg up of =

relay 6BN at front contact 242, Upon the picking
up of relay BN, the above déscribéd cireuit for
relay 38R is closed at front contact 241, but the
circuit for relay 3BN is held open at front con-

tact 243 of relay [5NP, thus, rélay 3R is picked &

up, and the picking up of that relay causes the
picking up of relay |ANR by the ehergization of
a circuit closed from (+), through a circuit in-
cluding front contact l&S"of relay 27T, normally
closed contact 187 of button (4B, back contact
46 of relay I4XR, lower winding of relay {14NR,
front contact 189 of relay {4NP, front contact
162 of relay 3R, back contact- 190 of relay 3AN,
back contact 363 of relay 3BN, wire 226, back
contact 227 of relay 5R, back contact 228 of re-
lay 6R, back contact 229 of relay | TNP, back con-
tact 230 of relay [TNR, winding of relay ATXR,
and front contact 234 of relay . lTXR, to (—).
The picking up of relay I4NR closes ‘a stick cir-
cuit for that relay at front contact 91 for shunt-
ing contact 189 of relay (NP out of the circuit
just described. The picking up of:relay: 14NR
effects the picking up of relay 12XR and the
dropping away .of relay [4NP, all in a.manner
similar:to.that heretofore described. The pick-
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ing-up-of relay 12XR causes the picking up of
relay: 2AN to: complete the selection of the route
from signal 10 to:signal 2{ via crossover 3fs.

< If g route is availableifrom signal 10 to s1gna1

‘ 2l via- crossovers 6ts and Tés only, because, for

example; of .a route set up from signal 13 to sig-
nal I1;-and because of the presence of: a train
approachlng signal- 13- in -track section 28,.the
available” route diverging .nearest the . entrance
pointi§'set up-which is via crossover 6is.

- Such a-route is'set up because. the.entrance re-
peater- reldy ' [BNP- cannot be energized on ac-
count ‘of its ‘circliit: being open at back -contact
t9- of relay ¢BN; and- because relay 6BN cannot
be-energized, due-to-its eircuit being opened- ab
front contact - 235" of “relay “I5NP (iee” Fig. - 1E)
and’ at back contact ‘358 of relay 3BN. Relay
3BNis mamtamed p1cked up because of the pres-
ence of the- tram in track section 28 Whlch causes
the ‘closing of ‘the -stick’ circiiit for the center
wmdmg of that relay

TIn- -setting up & ‘route, under such condltlons
the relays are picked up by the eneérgization of
the same -circuits as herétofore described for set-
tmg up-a route between the same entrance and
exit points’via thé crossover 3ts, up to the point
when' the svvltch ‘eontrol relays for crossovers 6ts
are energ1zed The relay 6R for the crissovers
§ts s energlzed by the ‘same ‘circuit as heretofore
descrihed,” but relay ‘BN cannot be ‘energized
because 1ts 01rcu1t i opened -as” described above.
Thus “the rélay” 6R is plcked up, and the picking
up of that relay causes: the energ1zat1on of relays
5AN and 5R Relay BAN is energlzed by a circuit
closegl from- (+) through a cmcult 1nc1ud1ng
front’ contact 175 of relay 1ANP, wire 116, upper
Wmdmg of relay 5AN back contact {17 of relay

R

- At the ‘same tlme relay 5R
is energized by a circuit closed from (+), through
a crrcult mcludlng back" contact 119 of relay 5AN,
upper Wlndmg of . relay 5R, back contact 180 of
relay EBN ‘back contact 1718 of relay GAN, front

5 contact 359 of relay 6R, and front contact 238

of relay l 1XR, to (—). .Relay SAN is picked up in
preference to relay 5R because of a d1fference in
the operatmg characterlstms of the two relays,
and" the. plckmg up. of relay 5AN opens the
mrcult for relay BR at back contact 179,
~The plckmg “up. of relay BAN causes the ener-
‘gization of “a -circuit for relay 4N. closed from
(+) .through' a circuit including front contact
of relay 14NP. _(see Fig. 1E), back contact
353 of relay R, upper: winding of relay 4N, back
ont, of relay 4R, wire 183, front contact
18! of relay 5AN, back: contact 178 of relay 6AN,
‘front contact -859 of relay 6R, and frong contact
238 of relay {IXR, to (). At the same time re-
lay 4R is energlzed by a circuit closed from (+)
through ‘a 01rcu1t 1nclud1ng back contact 360 of
Telay” 4N~ (see Fig, 1H), upper wmdmg of relay
4R, wire 183, front contact 184 "0f relay 5AN,
‘back- contact l18 of relay GAN front contact 359

5 ‘Of:Félay v '6R, ‘and front contact 238 of relay ITXR,

to (=) 'Relay 4N-is picked up in preference to
relay 4R because of g difference in the operatlng
characterlstlcs of two" relays, and the picking up
‘of-rélay 4N opens the eircuit for relay 4R at back
contact 360, -

When relay 4N is plcked up, relay 3AN s
picked up by-the energlzatlon of a circuit closed
from=(4+);: thlough a -circuit’ mcludmg upper
winding-of- relay -3AN - (see- Fig. 1E), back con-
tact-185 of-relay 3R, front contact I8G ‘of relay
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4N, wire 183, front contact 184 of relay SAN,
back contact 178 of relay 6AN, front contact 359
of relay SR and front contact 238 of relay ITXR,
to (—). 'The picking up of relay 3AN causes
the picking up of relay {4NR (see Fig. 1B) by
the energization of a circuit closed from (4-),
through a circuit including front contact 188
of relay 21T, contact 18T of button 14B closed
in a normal position, back contact 46.of relay
14XR, lower winding of relay i4NR, front con-
tact 189 of relay 14NP, front contact- 190 of re-
lay 3AN; back contact 162 of relay 3R, back con-
tact 163 of relay 4R, wire 164, hack contact 168 of
relay 5R, back contact 361 of relay 6AN, back con-
tact 382 of relay 6BN, back contact 229 of relay
{INP, back contact 230 of relay {TNR, winding of
relay ITXR, and front contact 234 of relay 11XR,
to (—). The picking up of relay I4NR closes a
stick circuit at front contact 191 for shunting
front contact 189 of relay 14NP out of the circuit
just described.

~ “When relay 14NR is picked up, relay 12XR be-
comes energized by the closing of a circuift here-
tofore described, and the picking up of that exit
relay causes the picking up of relay 2AN, thus
completing the selection of the route from sig-
nal 10 to signal 21 via crossover 6fs. After the
track switches have completed their operation
to the position selected by their switch control
relays, the signals 10, {4 and {9 are cleared.
_If a route is not available from signal 10 to
signal 21 via either of crossovers 2¢s, 3fs or 6is,
due, for example, to a route set up from signal
I5 to signal 171, the available route will be set

up from signal 19 to signal 21 via crossover Tis.

Such. a. route. is set up because the entrance re-
peater. relay I19NP has no source of energy on
_account of its circuit being open at back con-
tact 144 of relay 6BN, thus, after the exit relay
21XR is picked up, relay TR is picked up in pref-
erence to relay TBN because the circuit for re-
lay 1BN is open at front contact 209 of relay
19NP, The picking up of relay TR effects the
picking up of relay 18NR, which in turn causes
the picking up of relay 16XR and the dropping
away of relay (8NP, all in a similar manner to
that heretofore described as typical for the re-
lays associated with intermediate enfrance and
exit points. The picking up of relay 16XR in-
itiates the building up of the completion net-
work to complete the route by the picking up
of relays energized the same as has been here-
lofore described. -

Inasmuch as the circuit selections are similar
in. principle for setting up routes for west bound
‘traffic, some contacts being used in common for
traffic in both directions, it is believed to be read-
ily apparent that the route diverging nearest the
entrance point is always given preference as long
as the reverse switch control relay for each track
-switch is made slow acting with reference to the
normal switch control relays, irrespective of the
direction of traffic.

If. it-is desired in practice that a partlcular
crossover or track switch be used in preference
to others -providing optiona]l routes, preference
can be given that crossover or track switch by
making the normal control relays for that track
switch' slow acting with respect to the reverse
control relays, and providing the circuits accord-
ingly.

To illustrate such a condiftion, assume that it
is desirable in setting up a route between sig-
nals {0 and 21 to set up that route via crossover
?ts whenever that route is available, thus not
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unhecessarily tying up a route between s1gna1
22 and signal 20.

To provide such mode of operation, only the
completion network circuits for relays 3AN, 3BN
and 3R need be modified from the form already
described and illustrated in Figs. 1E and 1F.
Thus, to consider the modified form of control
for relays 3AN, 38BN and 3R, Figs. 5A and 5B
are to be considered as replacing Figs. 1E and 1F
beneath Figs. 1B aud 1C respectively.

Assume, for example, that an operator de-
presses successively buttons (8B and 2B for set-
ting up a route from signal {8 to signal 21 at a
time when the normal conditions of the system
exist as described, and the completion network
circuits are provided according to Figs. 5A and
5B. . In setting up that route, the relays are po-
sitioned as heretofore described in setting up a
route betweenn those designated entrance and
exit points up to and including the picking up
of relay 5BN. ' The picking up of relay §BN
causes the energization of relay 3BN (see Fig.
5A) by a gircuit closed from (+), through a cir-
cuit including back contact 250 of relay 3R, up-
per winding of relay 3BN, wire 248, back contact
245 of relay B8R, front contact 247 of relay 5BN,
and front contact 238 of relay {1XR, to (—).
At the same time, a circuit is closed for relay
3R, from (4), through a circuit including front
contact 251 of relay I4NP (see Fig. 5A), back
contact 252 of relay 3AN, upper winding of re-
lay 3R, back contact 253 of relay 3BN, wire 245,
back contact 246 of relay 5R, front contact 2471
of relay 5BN, and front contact 238 of relay
{IXR, to (—). Due to the quick acting charac-
teristics of relay 3R with respect to relay 3BN,
relay 3R is picked up, due to such energization,
and_the picking up of that relay opens the cir-
cuit just described for relay 3BN at back con-
tact 239 to cause relay 3BN to remain in a
dropped away position.

‘Responsive to the picking up of relay 3R, re-
lay I8NR is picked-up, and the picking up of that
relay effects the picking up of relay I12XR and
the dropping away of relay I4NP. The picking
up of relay 14NR closes front contact 254 con-
nected in multiple with front contact 25! in the
circuit for relay R to maintain that relay en-
ergized after relay 14NP has dropped away. Re-
lay 2AN is picked -up; due to the picking up of
relay 12XR, and the track switches are operated
to their positions corresponding with the self-se-
lecting network relays for governing those track
switches, thus providing a route from signal I8
to signal 21 via crossover 3ts. In a similar man-
ner, for the opposite direction of traffic, cross-
over 3ts is preferred for a route from signal 2! to
signal 10, relays 3AN and 2R being both ener-
gized in setting up that route, but relay 3R gain-
ing preference over relay 3AN bpecause of the
difference in the operating characteristics of the
two relays.

Modifications—In disclosing an invention of
this kind that is apparently broad in scope, it is
difficult to disclose in one embodiment all of the
features of the system which can be employed
in practice in adapting the system to various re-
quirements. Thus, two modified forms of con-
trol for the relays are shown as examples of the
changes that can be made in the system as here-
tofore disclosed, in order to adapt the system
most advantageously to the particular problems
encountered in practice.

Although it is of a particular advantage under
some conditions encountered in practice to al-
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low the setting up of only one route. at a time,
as described above, it is believed that there are
other conditions where it is- desirable to. place
more of a responsibility for setting up the proper
routes upon the operators, and allowing: them: to
set. up several routes contemporaneously, thus
allowing the interlocking: plant to be controlled
more efficiently with respect.to the time required
for the setting: up of a plurality of routes. To
satisfy such conditions, the circuits ean be pro-
vided in a. manner similar to that shown: in Figs.
4A, 4B, 4C and 4D, in which the bus system for

effecting the proper energization of the entrance

and exit relays.is replaced by a different system

of control in which the entrance relays are made

slow acting with respect to the exit relays to
provide the desired mode' of operation. When
that time basis system of control is provided for
the entrance and exit relays, it is possible, when
the circuits shown in Figs. 1E and: 1F are used: in
combination with the circuits shown in: Figs. 4A,
4B, 4C and 4D; to set up simultaneously parallel
routes, such for example, as from signal 10 to
signal 28 and from signal 11 to:signal 24.

Ancther feature with respect to the system
shown in Figs. 4A, 4B, 4C and 4D is that recti-
fiers are used in the initiating- network circuits
for the exit relays to allow the picking up: of an
exit relay only when a route is available between
a designated entrance point and the exit point
included. in the route being set up, one network
being provided for -each direction of traffic.
Such circuits provide that an exit relay cannot
even be momentarily picked up when: buttons are
depressed- for defining an impossible-or an un-
available route.

It is believed: that those: features of the:system
described above, together with other features
which will be apparent, can best be: understood
by considering, as a typical example, the circuits
provided and the mode of operation of the sys~
tem for setting up a route from: signal 10 to sig-
nal 21. Inasmuch as some of the circuits are
similar to those heretofore described, reference
will be: made more particularly to those features
and functions of the 'modified system: which: vary
from the system as heretofore described. -

The depression' of button (8B, at a time when
the normal conditions of the systemr exist as il-

lustrated and described, causes the picking up.of :

relay 10NR (see Fig. 4A) by the energization: of
a cireuit closed: from (4), through+a circuit: in-
cluding front ccntact 285 of relay 25T, winding
of relay IONR, back contact 256 of relay I10XR,

and contact 257 of button [8B. closed in a de= ;

pressed position, to (—). A stick circuit is elosed
for relay {ONR, upon the picking up of that re-
lay, including front contact 258 of relay (O0NR,
and centact 257 of button 10B closed m both
normal and depressed positions:

The picking up of relay IBNR causes the pick-
ing up-of entrance repeater: relays- {4NP, 15NP,
18P and (8NP by the energization of circuit net-
work selections similar to those- heretofore de-

seribed as-illustrated. in Figs. 14, 1B; 1C and 1D. -

Each of the relays NP are, however, controlled
in a different manner from' that heretofore: de-
scribed: in that a stick circuit is provided: for
each relay to maintain' it picked up until the
exit relay for the next interlocked group toward
the entrance peint has been picked up-in setting
up a route by end-to-end contrcl. To: consider
n. detail the circuit for an NP relay as typical
of the:manner in which the circuits for:the other
relays NP are provided; assume relay’ I_&NP' to
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be'picked up in-setting up a.route under the above
assumed: condition: to. cause the energization of
a-circuit for relay 19NP closed from. ¢4), through
a circuit- including front contact 367 of relay
IBNP (see Fig. 4B), back contact 368 of relay
3R, back contact 369 of relay 3BN, wire 370, back
contact 314 of relay 5R, back contact 372 of relay
§BN, back contact 3718 of relay 6R, back contact
374 of relay 6BN, back contact 375 of relay IIXR,
wire 376, back.contact 317 of relay I9XR, wind-
ing of relay {9NP, back contact 378 of relay
ISNR;, and back contact 269 of relay TBN,. to
(—=). A stick circuit is. closed at front:contact
319 of relay I9NP upon. the picking up- of that
relay to shunt contacts 318 and 269-out of. the
cireuit just- described.

The: depression- of button 21B, following the
picking up of the entrance repeater relays NP,
causes the picking up of relay 2 IXR by the ener-
gization of a circuit closed from (+4), through
a- circuit. including front contact 258 of relay
{ONP (see Fig. 4D), back contact 260. of relay
TR, back contact 261 of relay 2INR, winding of
relay 24XR, and back contact 262 of button 2iB,
to (=). Stick energy is applied. to. that circuit
at.front.contact 263 upon: the- picking up of relay
2IXR.. Relay I9NR is picked up. prior to the
dropping away of relay [9NP to supply energy
to- the circuit for relay 2IXR. at. front contact
364 (see Fig. 4B).

Although relay 2INR. becomes momentarily en-
ergized- when button 21B is depressed, by the
closing of a. circuit similar to-that described for
relay {8NR, the circuit for relay 2INR is opened
by the picking up of relay 24XR at back contact
264 because relay 2I1XR is quick acting. with re-
spect to-relay 2INR. When relay 21XR.is picked
up- relay. TBN: is energized by a. circuit. similar
to that.herefofore described, and the picking up
of that relay causes the. picking up of relay [9NR
by the energization of a cireuit. closed from (),
through. a cireuit. including. front. contact. 265. of
relay 32T, winding of relay I8NR, back contact
266 of relay 19XR, contact. 267 of button (9B
closed .in a normal position, front contact 268 of
relay {9NP, and front. contact 269 of relay 1BN,
to (=)...- The picking up of relay I9NR closes a
stick. circuit for that relay at front contact 270
to shunt contacts 268 and. 259 out of the circuit
for that relay. Instead.of the picking up.of relay
I9NR causing. the dropping away of relay 19NP,
as in the system illustrated in Figs. 1A, 1B, 1C
and 1D, relay I9NP is maintained picked up by
its: stick circuit until the circuit for that relay
is opened upon the picking up of the exit relay
1IXR. .

The exit relay I'lX.R is picked up, when its cir-
cuit is closed upon the picking up of relay 19NR,
from (4), through a circuit including front con-
tact 271 of relay [5NP (5ee Fig. 4B), back contact
212’ of relay 3R, wire 213, back contact 214 of
relay SR, back contact 275 of relay 6R, back con-
tact 278 of relay ITNP, back contact 277 of relay
{INR, winding of relay ITXR, wire 278, front con-
tact 219" of relay {9NR, and’ front contact 280
of relay ISNP, to (<), Stick energy is applied
to that circuit at front contact 365 of relay
I6XR. Relay (9NP is: dropped away upon the
picking up of relay 1TXR: by the openihg of its
circuit at back contact 315 (see Fig. 4C)-.

" Ubon the picking up of relay {TXR, if . the com-=
pletion' network circuits for: that interlocked
group are provided-as-illustrated in-Figs: 1E and
1F. relays. 6BN, 5BN. and 3BN 'are- successively
picked-up: The picking up of relay 3BN effects
the picking up-of relay {§NR.in a similar manner
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to ‘that ‘described for the picking up of relay
ISNR, and a circuit is closed for relay 183XR
similar to the ¢ircuit described as -being closed
for relay [TXR, that circuit being closed upon the
picking up of relay I5NR from (-+), through a
circuit including front contact 281 of relay {ONR
(see’ Fig. 4A), back contact 282 of relay 2AN,
rectifier 289, back contact 283 of relay 2BN, back
contact 284 of relay 13NP, back contact 285 of
relay 13NR, winding of relay 13XR, wire 286,
front contact 287 of relay (5NR, and front con-
tact 288 of relay (BNP, to (—). Relay I5NP is
dropped away upon the picking up of relay 13XR
by the opening of its circuit at back contact 388
(see Pig. 4A).

The picking up of relay 8XR causes the pick-
ing up of relay 2R to complete the selection of
the route from sighal 1@ to 51gna1 21 vig cross-
over 2is. -

Network without end-to-end control—If end-
to-end control-is not required for a particular
conchtlon encountered in practice; the system can
beé simplified from the forms heretofore described,
hecause, it_is no longer necessary that the com-~
pletmn network relays be energized successively,
starting with the' AN, BN, N or R relay nearest
the exit relay picked up in the completion net-

work for setting up that particular route. Such
mode of operation is used in accordance with the
system for end~-to-end control because-it is nec-
essary.for the completion network to select be-
tween-a plurahty of entrance relays for possﬂole
entrance points: - Thus, if end-to-end control is
not’ requu‘ed the same completion network cir-
cuits ‘can ke used for ‘both - directions- of traffic
in-a. manner similar to that shown in Figs. 6A
and 6B which illustrate an- entrance-exit type
°ystem provided in accordance with the present
invention for a track layout corresponding with
the track layout for the center mterlo#ked group
111ustrated in Figs. 3A and 3B.

“In setting up a route, in a,ccordance with the
system as shown in Figs. 6A and 6B, an entrance
relay is picked. up upon :desigha,tion of the en-

trance point for the route, and, upon designa- .
tion of the exit point for a route, a route end

relay for each end of the route thus defined is
picked up, the route end relay for the entrance
and exit ends of that.route being energized in
series. .. The picking up of those route end relays
effects the picking up of the completion network
relays stuccessively in the same manner, and em-
ploying the same principles as heretofore de-
scribed for ‘one particular dirvection of traffic.
Inasmuch as the picking up of the route end re-
lays for the entrance and exit ends of each route
is effected in series, irrespective of the direction
of. traffic, the completion network responds in
the same manner, and using the same circuits
for: ‘both directions of trafﬁc over ea,ch nartlcu-
lar route; -~ - - -

-~An -optional route 1ever -OPL (see Fig. 6B) is
provxded for determining which of the two op-
tionak routes-extending between- signal 14 and
sienal-17:is given mpreference. If the preferred

route is-not available, the inferior route is set up

without positioning:the lever OPL. If the lever
OPL is in -a-right -hand positien as illustrated.
a route set: up ‘between signal 14 and signal 17
is-set b’ vid crossover Gts:in: preference to a
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route “via ‘crossover ‘3ts; and. if the lever OPL "~

is'in.a left Hand positionia route set up between
cignal {4 and signal 1T is'set up via CrosSsover
3ts in preference to a route via’ “erossover 8is.

<> Having thus considered the system in a gen-
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eral. manner, to illustrate the mode. of opera-
tion, assume, for example, that an operator sets:
up a route from signal 14 to signal IT when the
normal conditions of the system exist as shown:
and described. The depression of the button for
the entrance end to that route causes the pick-
ing up of the entrance relay 14NR by the ener~
gization of a circuit closed from (+4), through a.
circuit including back contact 85 of relay NPU,
bus PU, back contact 280 of relay [4RR, con-
tact 281 of button (4B closed in a depressed po-
sition, and winding of relay 14NR, to (—). Up-
on the picking up of that relay a stick circuit
is closed from (4), through a circuit including
front contact 292 of relay 27T, front contact 293
of relay 18NR, contact 291 of button (4B closed
in a normal and a depressed position, and wind-
ing of relay 14NR, to (—). Upon depression of
button 11B, relays [4RR and ITRR are picked
up by the energization of a circuit closed from
(4), through a ‘circuit including contact 294
of button ITB (see Fig. 6B) closed in a depressed
position, back contact 295 of relay I'TNR, wind-
ing of relay ITRR, back contact 285 of relay
86BN, back contact 297 of relay 6AN, back con-
tact 288 of relay 5R, wire 299, back contact 380
of relay 4R, back contact 301 of relay 3R, wind-
ing of relay [4RR, and front contact 302 of re-
lay 14NR, to (—).

Upon the picking up of relay [4RR, relay 3AN
is picked up by the energization of a circuit
closed from (4), through a circuit including
front contact 308 of relay 14RR, winding of re-
lay 3AN, and back contact 324 of relay 3R, to
(—). The picking up of relay 3AN causes the
picking up of relay 4N by the energization of
a circuit closed from (4) , through a circuit in-
cluding front contact 383 of relay. I4RR, front
contact 385 of relay 3AN,.upper winding of re-
lay 4N, and back contact 308 of relay 4R, to
(=).  When relay 4N is picked up, relay SAN
is picked up by the energization of a circuit
closed from (4), through a ecircuit including
front contact 393 of relay [4RR, front contact
305 of relay 3AN, front contact 307 of relay
&N, back contact 398 of relay 4R, wire 3689, up-
per winding of relay 5AN, and back contact 319
of relay 5R, to (—).  After relay 5AN is picked
up, relay 6R is energized by a circuit closed from
(+4+), through a circuit including front contact
363 of relay I4RR (see Fig. 6A), front contact
385 of relay 8AN, front contact 307 of relay
4N, back contact 388 of relay 4R, wire 339, front
contact 311 of relay BAN, back contact 32 of
relay B8R, back contact 313 of relay 8AN, upper
winding of relay 8R, and back contact 314 of
relay 6BN, to (—).

The track switches are operated to positions
corresponding with the switch control relays 3AN,
5AN and 6R in a manner similar to that
typically illustrated in Fig. 2. After the track
switches have completed their operation and the
relay LS associated therewith has been dropped
away, a circuit is closed to cause the picking
up of relay 4G for the clearing of signal 14
from (<), through a circuit including back con-
tact 315 of relay ITNR (see Fig. 6B), front con-
tact 316 of relay ITRR. back contact 3!7 of re-
lay OLS, back contact 3!8 of relay 6NCR, front
centact 319 of relay 6RCR, back contact 329 of
relay 6NCR, back contact 321 of relay 6LS, hack
contact 322 of relay 5LS, front contact 323 of
relay BNCR, wire 324, back contact 325 of re-
lay 4RCR, front contact 326 of relay 4NCR, back
contact 327 of relay 4LS, front contact 328 of
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relay 3NCR, back contact 329 of relay 3LS, front
contact 330 of relay {4RR, front contact 331 of
‘relay 14NR, and winding of relay 14G, to (—).
The picking: up of relay 14G causes the clearing
of signal 14.

If there is a route set up between signal 22
and signal 16 to cause the picking up of relay
6AN, or if relay 6AN is picked up by the lever
SML for that track switch, a route is set up from
signal 14 to signal 1T when the buttons for the
ends of that route are properly actuated, via
crossover 3is in preference to via crossover 6ts
irrespective of the position of the lever OPL.,
Such mode of operation is accomplished by the
energization of relay 3R in multiple with relay
3AN to cause the picking up of relay 3R to ef-
fect: the deenergization of relay 3AN, on account
of a difference in the operating characteristics
of the two relays. Thus, in setting up a route
from signal 14 to signal {71 at a time when re-
Jay BAN ‘is picked up, relay I4NR is picked up
by " the energization of the circuits descriked
above; and the depression of button (1B for de-
fining: the:exit point in that route causes the
picking up of relays I4RR and [(TRR by the
energizing of a circuit closed from (+), through
a circuit including back contact 294 of button
ITB (see Fig. 6B), closed in a depressed posi-
tion, back contact 295 of relay ITNR, winding

of ‘relay 11RR, back contact 322 of relay %R, °

“back contact 333 of relay SR, wire 334, back
contact 335 of relay 3BN, back contact 33% of
relay 3AN, winding of relay (4RR, and front
contact 362 of relay 14NR, to (—).

The picking up of relay {4RR, under such '35

conditions, causes the energization of relay 3AN
by the closing of a circuit heretofore described,
and at the same time closes a circuit for the
energization of relay 3R from (4), through a
circuit including front contact 303 of relay 14RR,
back contact 337 of relay 3AN, upper winding
of relay 3R, back contact 338 of relay 3BN,
wire 339, front contact 340 of relay 8AN, and
front contact 341 of relay I{TRR, to (—). Upon

considering: that circuit, it is obvious that reley: 4:

3R could as well be energized when lever OPL

is operated to a left hand position to close con--

tact 842 of that lever connected in multiple with
‘front contact 340 of relay 6AN. The relay 3R
picks up in preference to relay SAN because it
is a quick acting relay with respect to relay 3AN,
‘and: when. picked up it opens. the circuit for
:relay 3AN at back contact 304.

Upon the picking up of relay 3R, relay 58BN is
picked up by the energization: of a circuit closed
from (4-), through a ecircuit including front
contact 383 of relay I4RR, front contact 343
of -relay 3R, back contact 344 of relay 3BN,
wire 345, hack contact 248 of relay 5R, upper
‘winding of relay 35BN, and- front contact 347
of relay ITRR, to (—). Relay &R is energized
at the same time the energization of relay 5BN
‘is - ‘effected, but is not picked up, due to the
opening of its ecircuit by the! picking up of relay
EBN which is a quicker acting relgy. The picking
up of relay 5BN causes the picking up of relay
8BN by the energization of s circuit closed from
(4, through: a circuit including front coniact
303 of relay (4RR. front contact 343 of relay ¢R.
back contact 344 of relay 3BN, wire 345, front
dontact 348 of velay BBN, back contact 34% of
relay 6R, and upper winding of relay 63N,
to (=).

The picking up of those switch confrol relays
causes the positioning of the track switches with
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which * they are’ dssociated, and the ultimate
clearing' of signal {4 by the energization of a
signal control circuit selected in the same general
manner to that described above.

The relays AN, BN, N and R in the completion
network iltustrated in Figs. 6A and 6B are main-
tained picked up upon passage of a train, de-
pendent upon the route locking for energizing
stick circuits for the lower windings of those
relays as is typically shown in Fig. 2 for the
energization of the center windings of relays for
similar purposes.

Summary

Having considered various detailed features
of the system during the above description and
having pointed out typical modes of operation,
certain general principles will now be pointed oub
which will show-how the system of the present
invention may be readily applied to: all types of
track layouts.

The system provides a single button for each
signal location, and that button can be used for
designating either an entrance or an exit point
at that signal location. As a means for dis-
tinguishing between the actuation of the button
for designating entrance and exit points a bus
system of control is provided as shown in Figs.
1A, 1B, 1C and 1D, whereby the ‘designation. of
an entrance point in setting up a route prevents
the designation of any other entrance points
until the route initiated has been completely set
up and.the sighals cleared or the entrance relay
for that entrance point restored to normal.
If it is. desirable in practice to provide that two
or more routes can be set up contemporaneously,
the system shown in Pigs. 4A, 4B, 4C and 4D
can'be used in which a time basis is used as a
means for distinguishing between the designation
of entrance and exit points. That is, the depres-
sion of a buiton for an entrance point causes
the picking up of an entrance relay in. prefer-
ence to an exit relay, because each exit relay
must receive energy from an entrance relay
associated with an entrance point in an available
route including that point as exit. When a
kutton is depressed for designating an exit point
both the entrance and exit relays for that point
are energized, but the entrance relay is deener-
gized by the picking up of the exit relay, because
the exit relay is quicker in picking up than the
entrance relay.

Separate through route indicating circuit net-
works are provided for the entrance repeater

‘relays NP for intermediate signals included in

routes that can be set up by end-to-end control,
one netwerk being provided for each direction
of traffic. - Such networks include so-called posi-
tive and inverse selections on the switch control
relays in the circuit for each relay NP, the
positive selection ‘being provided by relays cor-
respending- to the position of the track switches
included in setting up each route'extending to

‘that intermediate signal, and the inverse selec-

ticns being provided by relays corresponding to
the conflicting position of the track switches in-
cluded in setting up each route extending to -that
intermediate signsl. Such selections together
with rectifiers provide that an entrance repeater
relay NP can be energized only when a route is
available from the designated entrance point to
that intermediate signal and no part of such
route is already set up cor occupied by a train.

The .completion network relays as. illustrated
in Figs. 1E and 1F are energized by completion
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~¢ircuit networks, one network being provided for
-each direction of traffic. Upon comparing the
completion network relay circuits for the various
track switches, it is readily apparent that the
circuits are very .similar. That is, the circuits
-for - the relays used in governing each. track
-switeh that faces a designated exit point are
similar, each relay circuit being closed when a
route is selected up to that track switech from
a designated exit point; and the circuits for the
~relays used in governing each track switch that
is trailed from a designated exit point are
similar, each relay circuit being closed when a
route is selected up to that track switch from
"a designated exit point. It should be therefore
readily apparent how the system can be ex-
~panded to include other track switch or how the
network can be provided for any track layout
encountexed in practice. Thus, the fcllowing
rules or principles characteristic of the comple~
tion network can be applied when the system is
provided for any particular track layout.
““:The reverse switch control relay. for a track
sw1tch facing a designated exit point receives
“énergy; when a route is selected up to that track
switeh, upon the picking up of a switch control
‘relay for the next track switch toward the des-
ignated exit point in -each route being set up,
such energy being fed from the exit relay for
"the designated exit peint.
' The normal switch control relay for each track
sw1tch facing a designated exit point receives
energy, when a route is selected up to that track
switch, upon the picking up of a switch control
-relay for the next track switch toward the des-
“ignated -exit peint in each route being set up,
“the energization of that relay being rendered
‘effective 0“11y when there is an available route
mcludlng that track switch in a hormal posi-
“tionin a route extending between designated
eratrance ‘and-exit points.

~In. considering jointly the above rules for the
energlzatmn of the normal and the reverse
switch “control relays, it is apparent that both
“the normal and the reverse switch control re-
lays for each track switch facing a designated
-exit point receive energy, when a route is selected
‘up to’ that track switch, upon the picking up of
“a switch ‘control relay for the next track switch
toward the -désignated exit point in each route
being set-up, if ‘a route is available between
designated entrance and exit points- over that
track switch in-a normal position. Under such
conditions preference is given the normal switch
control relay by making the reverse switch con-
trol relay -comparatively slow acting and pro-
Vi‘dingf o, ¢ircuit interlock between the two re-
Iays. ~ Such preference provides that, of optional
‘routes available, the route diverging nearest the
deugnated entrance point is set up. -

“Tn order -to provide the circuits for the nor-
‘mal ‘switeh control relay for each of the track
‘switches facing a designated exit point in such
‘a manner-as to allow the -energization of that

relay only when a route is available between des-
‘ignated entrance and exit points over that track
:switeh in & normal position, various circuit selec-
tions are required which are dependent upon the
‘nature of the track layout. :A general rule that
can be applied to any track layout is that the
circuit-for each of the normal switch control
relays must include enough inverse. selections of
the normal and reverse switch confrol relays,
for track switches between that track switch and
each of the entrance points in possible routes in-
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‘cluding .that track switch facing the: exit point,

to allow the energization of that relay only:when
it-is desired to set up a route over that frack
switeh in a normal position. It is believed that,
from the following examples, it will be apparent
to those familiar with the art when such: selec-
tions are required. With reference to the circuit
for the upper winding of relay 4N (see Fig. 1E),
back contact 284 of relay 3R is included.in the
circuit to prevent the feeding of energy through
the completion network to relay 4N. when:re-
lay 14NR is picked up fer a route set up-from
signal 14 to signal {9. 'The circuit for the upper
winding of relay 3AN, however, does not require
any inverse selections in the branch of the: cir-
cuit extending to front contacts of relay: {4NP,
{4NR and 22NR, because any route that can be
set up having either of those points as an en-
trance point would requlre that track sw1tch to
be normal. -

Another condltmn where only certain ones of
the inverse selections is required is shown-in
the circuit for the upper winding of relay 6BN
which provides that, if relay 38BN is picked up
to open back contact 388, energy cannot:feed
through the completion network from front con-
tact 386 of relay {4NP or front contact 358 of
relay {4NR to the upper winding of relay 6BN,
thus providing that a route can be. set up from
signal 14 to signal 19 via crossover .6fs if that
route is available, and the route via crossover
3ts is not available because of the presence of a
westbound train in track section 28. L

Having described the present invention as
used in governing a particular track layout, it is
desired to be understood that the invention is
not limited to the specific forms shown, and that
additions, changes, and modifications can be
made to adapt the system provided by this in-
vention to various requirements of practice, with-
out in any manner departing from the spirit or
scope of the present invention, except as limited
by the scope of the following claims.

What I claimis:

1. In a switch and signal control system' for
governing the power operation of a'track switch
included in each of a plurality of conflicting
routes through a track layout in a given direc-
tion between a plurality of entrance points and
an exit point, said track switch having its points
facing said exit point; manually operable con-
tact means for each of said entrance points.and
for said exit point; normal and reverse switch
control relays for governing the power opera-
tion of said track switch to corresponding normal
angd reverse positions; circuit means for ener-
gizing the winding of said reverse switch con-
trol relay whenever said contact means for said
exit point is actuated following the actuation
of said contact means for any one of said én-
trance points ‘only if a' route is available for
use between such entrance and exit points re-
gardless of the position of said switch required
for the designated route; circuit means for ener-
gizing the winding of said normal switch control
relay when said contact means for said exit point
is actuated following the actuation of said ‘con-
tact means for a particular-one of said entrance
points only if a route is available for use between
such entrance and exit points and the- desig-
nated route requires said track switch in .a nor-
mal position; and means for giving preference
to said normal switch control relay so that its
contacts alone become actuated for governing
the operation of said track switch when both said
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fiormal and said reversé switch control relays
have their windings energized simultaneously.

2. In an interlocking system for railroads, a
track layout having a power-operated track
switch cperable to normal and reverse positions
s0 as to be included in a plurality of conflicting
routes between a plurality of entrance points and
a single exit point, said track switch having its
points facing said exit point, manually operable
control buttons for said entrance and exit points,
& normal and a reverse switch control relay for
respectively governiing the normal and reverse
power operation of said track switch, said reverse
switch control relay being relatively slower to
pick up in response to energization than said
normal switch control relay, circuit means for
said reverse switch control relay energized in
response to the joint operation of a control but-
ton for any given entrance point and the opera-
tion -of the control button for said exit point
regardless of the position of said switch required
for the designated route, circuit mesans for said
normal switch control relay energized upon the
joint operation of the control button for said exit
point and a control button for the .entrance
points of only those of said routes which require
said track switch to be in a normal position,
and contact means included in said energizing
circuits for said normal and reverse switch con-
trol relays effective to open the energizing cir-
cuit for said normal switch control relay when
said reverse switch control relay is picked up
and effective to open the energizing circuit for
said. reverse switch control relay when said nor-
mal switch control relay is picked up, whereby
the operation of the control buttons for the op-
posite ends of a route including said switch in
a normeal position causes the picking up of the
normal switch control relay to govern said track
switch to a normal position and open the ener-
gizing circuit of said reverse switch control relay
before said reverse switch control relay can pick
up, .and whereby the operation of the control
buttons for the opposite ends of .a route includ=
ing said track switch in a reverse position fails
to energize and pick up said normal switch con-
trol relay which allows said reverse switch .con-
trol relay to pick up and govern said track switch
to a reverse position.

3. In a switch and signal control system of the
entrance-exit type for governing the power op-
eration of a track switch included in each of a
plurality of conflicting routes through a track
layout between a plurality of entrance points
and an exit point, such track switch having its
points facing said exit point; manually operable
contact means for said entrance and exit points;
a normal and a reverse switch control relay for
respectively positioning said track switch to a
corresponding position when picked up; .circuit
means for energizing a winding of a certain one
of said switch control relays whenever said con-
tact means for said exit point is actuated, fol-
lowing the actuation of said contact means for
any one of said entrance points, if only:some
route is available between such points and re-
gardless of the position of said switch required
for the designated route; circuit means for ener-
gizing a winding of the other of said switch con-
trol relays when said contact means for said
exit point is actuated, following the actuation
of said contact means for a particular one.of
said entrance points, only if the route between
such designated entrance and exit points.requires
that track .swifch in g position corresponding
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to:that position to which such other switch con-
trol relay can operate the track swifch; and
circuit means for giving a preference to:said
other switch control relay so that its contacts
alone become picked up when the windings of
both said switch control relays become energized
at the same time. .

4. In a switch and signal control system for
governing the power operation of track switches
in a track layout to set up routes between signal
locations at entrance and exit points through
the track layout, manually operable control but-
tons for each of said signal locations, normal
and reverse switch control relays for each of
said track switches for governing the power op-
eration of that track switch to corresponding
normal or reverse positions, and the normal and
reverse switch control relays for each of the
track .switches having a back contact included
in ‘the energizing circuit of the other switch
control relay for that track switch, and each of
the reverse switch -control relays being slow .act-
ing with respect to the normal switch .control
relays, whereby a normal switch .control relay
is picked up in preference to a reverse switch
control relay for any given track switch when-
ever the normal. and reverse switch control re-
lays for that track switch have their windings
energized .at the same time, and route establish-
ing means for selectively energizing said normal
and reverse switch control relays to set up any
given route in .response to the actuation of the
control buttons for the opposite .ends of that
route, said route -establishing means comprising
circuit means for energizing the winding of the
reverse switch control relay for each track switch
having its points facing a designated exit point
when a switch control relay for the preceding
track switch from the exit end of such route has
been picked up, circuit means for the normal
switch control relay of each track switch facing
a designated exit point.energized ‘when a switch
control relay for the preceding track switch from
said exit point is picked up only providing such
track switch is required. to be in a normal posi-
tion. for the route having its entrance and exit
points -designated and such normal position of
that track switch is available for use, and cir-
cuit ‘means for .energizing only the normal or
reverse switch control relay as required to prop-
erly position each track switch facing the .desig-
nated entrance point upon the picking up of
a switch control relay for the preceding track
switch from said exit point.

5. In a switch and signal control .system .of
the character described for governing the power
operation of track switches in setting up routes
through a track layout having a plurality of con-
flicting routes extending between entrance and
exit points defined by the location of signals pro-
vided for goverhing traffic. through that track
layout; manually operable contacti means for
each of said entrance and exit points for, when
actuated, designating the entrance and exit
points for each route to be set up; normal and
reverse switch control relays for each track switch
for governing the operation .of that track switch
to corresponding positions, each of the reverse
switch control relays being slow-acting with re-
spect to the normal switch contro! relays and
interlocked with the normal switch control re-
lays to provide that a normal switch control re-
lay is always picked upin preference to a reverse
switch control relay for any particular track
switch whenever the normal and reverse switch
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windings energized at the same time;. a comple-
tion:circuit network for energizing said normal
and reverse switch control relays in succession for
the switches of a route beginning at the desig-
nated exit end of that route, comprising circuit
selections which provide.that a. reverse switch
control relay has its windings energized for each
track switch having its points facing a desig-
niated exit point when a route being set up is
selected: up to that track switch from the exif
point _designated, and comprising circuit selec-
tions which provide that a normal switch control
relay ‘has its windings energized for each track
switch having its points facing a designated exit
point when a route being set up is selected up to
that track switch from the exit point designated,
if & route is available between the designated en-
trance. and exit points over that track switch in a
normal position; and switch operating means re-
sponsive to the picking up of either the normal
or reverse switeh control relay for each track
switch for operating that tlack sw1tch to a cor-
responding position. -

‘6. In a switch and signal. control system for
railroads;. a .track layout including one or more
track switches for providing a plurality of routes
between signal locations; manually operable con-
tact means for each of said signal locations; an
exit. relay for each of said signal locations; nor-
mal and reverse switch control relays for each of
said track switches for governing its power oper-
ation; an initiating circuit network arranged in
conformity with the track layout and supplied
with energizing potential upon the operation of a
manually operable contact means for the en-
trance to a route for energizing the exit relay
for the exit end of the route upon the operation
of the manually operable contact means for such
exit -end, only providing there is an available
route between such entrance point and the exit
point; and a completion circuit network rendered
effective upon the energization of an exit relay
for energizing the normal and reverse switch con-
trol relays as required to set up the route for
which said exit relay is then energized, a pre-
determined one of said switch control relays for
each track switch that has its points facing a
designated exit point and having its winding en-

ergized dependent upon the exit relay picked up, ;

jrrespective of the entrance point, and the other
of said switeh control relays for each track switch
having its winding energized dependent upon -an
available route over such track switch in that po-

sition between the entrance and exit points for s

that route, such other relays being comparatively
quick acting in comparison to said predetermined
relays to provide that such.other relays pick up
and govern their particular track switches in
preference to said predetermined relays when
both 'normal and reverse relays for each of such
switches have their windings energized at the
same time.

7. In a switch control system for a railroad
{rack layout including one or.more track switches
to set up different routes between entrance and
exit pocints; manually operable contact means
for said entrance and exit points; an entrance
relay for each of said entrance points and an
exit relay for each of said exit points; circuit
means for energizing an entrance relay upon the
operation of its associated manually operable
contact means; stick circuit means for maintain-
ing an entrance relay energized dependent upon
traffic: conditions in the route with which it is
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control relays for that track switch have their.

then associated; circuit means for initially enei=-
gizing any given exit relay upon the operation
of said manuaily operable contact means for that
exit point, providing an entrance relay is picked
up for an entrance point to a route ieading from
such entrance point to said exit point, and pro-
viding such route is available for train movement;
stick circuit means for each of said exit relays
effective, when an exit relay is once picked up,
to maintain it energized dependent upcn the en-
ergized.condition cf the entrance relay which ef-
fected its‘initial energization; normal and reverse
switch . control relays for each of said track
switches for respectively governing their normal

_and reverse operation; a completion circuit net-

work for controlling the energization of the nor-
mal and reverse switech control relays to set up
any given route through the track layout, the
picking up of an exit relay for any given exit
point being effective to apply energizing potential
to the corresponding point of the completion cir-
cuit. network to cause the successive energization ~
of the normal and reverse switch control relays
of the switches included in said given route,

. starting with a relay for the switch nearest the

exit end of the route, the selection of the switches
to have their switch control relays energized over
the-completion network being defermined by the
picked up condition of the normal or reverse re-

 lay of the next preceding switch nearer the exit

point, the -selection -of the normal or reverse
switch control relay of those switches thus select-
ed ‘and' in' a trailing relation to the designated
exit point being in accordance with the position

5. which such switches must have to direct a train

- fromsaid ‘exit point toward the designated en-
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trance point, and the selection of the normal or
reverse switch control relay for each of the re-
maining track switches in a facing relation to
the designated exit point being effected by apply-
ing energy to a slow-acting reverse relay of each
switch regardless of the entrance point desighat-
ed and energizing a quick-acting normal relay
for. that- switch when the designated entrance
point requires that sthch in the normal posi-
tion.

8. In a switch and 51gnal control system, a
track layout including & plurality of inferlocked
groups each of such groups having track switches
to set up different routes between sighal loca-
tions, said interlocked groups being located end-
to-end. so that there are a plurality of through
routes each including intermediate signal loca-
tions, manually operable control buttons for each
of said signal locations located on a track dia-
gram control panel, an entrance repeater relay
for each of the intermediate signal locations, ini-
tiating circuit means responsive to the operation
of a control button for any given signal location
for energizing the entrance repeater relays for all
of the signal locations included in all of the
routes emanating from that signal location des-
ignated as an entrance point, route establishing
means for each interlocked group responsive to
the designation of a signal location of that in-
terlocked group as an entrance point and the des-
ignation of another signal location in the same
interlocked group as an exit point by the opera-
tion of the control buttons for such signal loca-
tions to cause the operation of the track switches
in that interlocked group for setting up a route
between such points and clearing a signal at the
entrance point to such route, said route estab-
lishing ‘means for each interlocked group also
being responsive to the picking up.of an entrance
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repeater relay for a signal location -of its inter-
locked group and the actuation of an exit but-
ton for another signal location of its interlocked
group to establish a route between such signal
locations by operating the track switches and
clearing the signal at the entrance of the route,
circuit means associated with each of said inter-
mediate signal locations rendereqd effective upon
the -completion of a route including that signal
location in response to the energized condition
of. an entrance repeating relay for acting the
same as if a control button had been operated to
designate that signal location as an exit point,
to thereby cause the route establishing means for
the interlocked group preceding such signal lo-
cation to respond to set up a route through that
interlocked group to a sighal location of that in-
terlocked group designated as the entrance point
of. the through route by actuation of a control
button or constituting an intermediate signal lo-
cation in the fhrough route and having its en-
trance repeater relay energized, whereby routes
may be established in any given interlocked group
by the designation of two signal locations of that
group as entrance and exit points and whereby
throtigh routes may be established by the actua-
tion of .control buttons for the opposite ends of
such through routes.

9. In a switch and signal control system of the

entrance-exit type in which all possible routes :

through a track layout having a plurality of in-
terlocked groups adjoining end-to-end can be set
up by the designation of entrance and exit points
for each interlocked group, and can also be set
up.by the designation of an entrance and an exit
point between which intermediate entrance points
are included; manually operable contact means
for each of said entrance and exit points for,
when actuated, designating entrance and exit
points for routes to be set up; an entrance re-
peater relay for each intermediate entrance point
included between extreme ends of said track lay-
out; an initiating circuit network for each direc-
tion of traffic for energizing said entrance re-
peater relays for trafiic in that direction, each of
said circuit networks comprising circuit selections
which provide that, upon designation of an en-
trance point in setting up a route for that direc-
tion of traffic, an entrance repeater relay is ener-

gized for each intermediate entrance point that is 3

included in a possible route available emanating
from that designated entrance point; route estab-
lishing means for each interlocked group respon-
sive to the designation of entrance and exit points
for each available route within its interlocked
group for causing the operation of the track
switch to set up a route between those designated
points; through route establishing means respon-
sive to the designation of an entrance and an
exit point only for each route, beiween which
points one or more intermediate entrance points
is included, for acting upon said route establish-
ing means individual to the interlocked groups
between those designated entrance and exit
points, provided that the entrance repeater relay
is. energized for each of those intermediate
points; and circuit means for deenergizing all of
said entrance repeater relays for routes emanat-
ing from a designated entrance point when a
through route is completely set up including that
designated point as entrance.

10. In a switch and signal contro! system of
the character described in which the setting up
of routes through a track layout between en-
trance and exit points of a plurality of inter-
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locked groups adjoining end-to-end can be effect-
ed by end-to-end control; manually operable con-
tact means for each entrance and exit point; an
entrance relay for each entrance point; an exit
relay for each exit point; circuit means for ener-
gizing each of said entrance relays when said
contact means for that entrance point is actuat-
ed; circuit means for maintaining each of said
entrance relays energized dependent upon the
passage of a train past that entrance point; an
initiating circuit network comprising circuit se-
lections for the energization of each exit relay
within an interlocked group if the correspond-
ing exif point is included in a route being set up, -

- comprising circuit selections for the energization

of each of said entrance relays for each inter-
mediate entrance point in a route being set up
by end-to-end control, such energization being
rendered -effective after a route is completely
selected including that entrance point through
that interlocked group, and comprising stick cir-
cuit means. for maintaining the entrance relay
for each intermediate entrance point energized
in series with the exit relay for the portion of the

:route- extending through that interlocked group,

such stick circuit means being deenergized upon
the passage of a train past that entrance point;
route establishing means responsive to the en-
ergization of an entrance relay and an exit relay

~for any one interlocked group for operating the

track switches to set up a route between those
entrance and exit points; electro-responsive
means for each intermediate entrance and exit
point included in a through route being set up
by end-to-end control through a plurality of in-
terlocked groups, for rendering effective. the
establishing of that route as if the portion of
the route extending through each interlocked
group had been designated by the actuation .of
contact means for the entrance and exit points
within that group; and circuit means for main-
taining the route set up through each interlocked
group as long as the entrance relay for the en-
trance point to that route is maintained ener-
gized.

- 11. In a switch and signal control system of
the character described for governing the power
operation of switches and the clearing of signals
constituting entrance and exit points through a
plurality of interlocked groups adjoining end-to-
end; manually operable contact means for each
entrance and exit point; an entrance relay and
an exit relay for each respective entrance and
exit point; circuit means for energizing each of
said entrance relays when said contact means for
that entrance point is actuated; circuit means
for maintaining each of said entrance relays en-
ergized, dependent for deenergization upon the
passage of a train past that entrance point; an
initiating circuit network comprising ecirecuit
selections providing for the energization of each
exit relay for each of said exit points within an
interlocked group, if that exit point is included
in a route being set up, and comprising circuit
selections providing for the energization of each
of said entrance relays for each intermediate en-
trance point in a route being set up by end-to-
end control, such energization being rendered ef-
fective after a route is compleiely selected
through - that interlocked group including that
entrance point; route establishing means respon-
sive to the energization of an entrance relay and
an exit relay for the respective entrance and exit
points to each route within an interlocked group
for operating the track switches to. set up a route-
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between those points: electro-résponsive means
for each intermediate entrance and exit point in-
cluded:in .a composite route being set up by end-
to-end: control through a plurality of interlocked

groups _and energized by the actuation of the-

manually operable contact means alone desig-
nating the entrance point of said composite route
for rendering effective the establishing of that
route the same as if the portion cf the route ex-
tending through each interlocked group had heen
desighated by the actuation of contact means for
the entrance and exit ends of that group; and
circuit means for maintaining the route set up
through each interlocked group as long as the
entrance relay for the entrance peoint to the
portion of the route extending through that in-
terlocked group is maintained energized.

12. In a switch and signal control system of
the entrance-exit type in which the power oper-
ation of track switches and the clearing of sig-
nals in a track layout between entrance and exit
peints of a plurality of interlocked groups ad-
joining end-to-end can be effected by end-to-end
control; manually operable contact means for
each entrance and exit points; an entrance relay
and an exit reiay for each respective. entrance
and exit point; circuit means for energizing each
of said entrance relays when said contact means
for that entrance point iIs actuated; circuiy
means for maintaining each of said entrance re-
lays energized dependent for deensrgization upon
passage of a train past that entrance point; cir-
cuit means for energizing each of said exit relays
when said contact meang for that exit point is
actuated, if there is a possible route available
between that exit point and an entrance point
designated by an entrance relay energized; route
establishing means responsive to the energization
of an enfrance relay and an exit relay for the
respective entrance anrd exit points to each route
within an interlocked group for causing the pow-
er operation of track switches to set up a route
between those points, such route being main-
tained set up as long as the entrance relay for
the entrance point to that route within that in-
terlocked group is maintained energized; electro-
responsive means for sach intermediate entrance
anhd exit point included in a composite route being
set up by end-to-end control through a plurality
of interlocked groups, for rendering effective the
establishing of that route as if the portion of the
route extending through each interlocked group
had been designated by the actuation of contact
means for the entrance and exit ends of that
group, and circuit means for encrgizing the en-
trance relay for each intermediate entrance point,
included in a route being set up by end-to-end
control, in series with the exit relay for the exit
point included in that route within that inter-
locked group, such energization being rendered
effective only if the portion of the route extending
through that interiocksd group has been com-
pletely set up.

13. In a switch and signal control system of
the character described in which routes through
a track laycut having a plurality of interlocked
groups adjoining end-to-end can be set up by the
designation of entrance and exit points through
each interlocked group or by designaticn of the
entrance and exit ends only of routes extending
through a plurality of interlocked groups; man-
ually operable contact means for the entrance
and exit points to each interlocked group for
designating the entrance and exit points for each

route to be seb up; an entrance repeater relay.
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for each intermediate. entrance point included
between extreme ends of said track layout; an
initiating circuit network for each direction :of
trafiic for energizing said entrance repeater relays
for traffic in that direction, each of said circuit
networks comprising circuit selections which pro-
vide that, upon designation of an entrance point.
in setting up a route for that direction of trafiic,
an entrance repeater relay is energized for each
intermediate entrance point that is included in
a, possible route available emanating from that
designated entrance point; and route establish-
ing means for power operating the track switches
to set up a route through each interlocked group,.
rendered effective upon the actuation of said con-
tact means for designating an exit point within
that interlocked group only if an entrance point
for a possible route available having that. point.
as exit is designated, either by the actuation of
said contact means for that entrance point, or by
energization of the entrance repeater relay for
that point; whereby the designation of an exit
point in setting up a route within that interlocked
group, or by end-to-end control .extending
through that interlocked group, is ineffective for
setting up a route through that group unless an
entire route is available for use between . the en-
trance and exit points designated by actuation
of said contact means.

14. In g switch control system of the character
described, a track layout having power-operated
track switclhies for setting up different routes be-
tween said signal locations constituting the en-
trance and exit points, said track layout being so
arranged as to provide a plurality of optional
routes between common entrance and exit points,
manually operable control buttons for each of
said signal locations, a normal and a reverse
switch control relay for each of said track
switches for governing the power operation of
that track switch to corresponding normal or
reverse positions, and the normal and revérse
switch control relays for each of the track
switches having a back contact included in the
energizing circuit of the other switch control re-
lay for that track switch, and each of the reverse-
switch control relays being slow acting with re-
spect to the normal switch control relays, wheére-
by a normal switch centrol relay is picked up in’
preierence to a reverse swilch control relay for
any given track switch whenever the windings
of the norinal and reverse switch control relays
for that track switch are energized at the same
time, and route establishing means for picking
up said normal and reverse switch control relays
as required to set up any given route in response
to the actuation of the control buttons for the op-
posite ends of that route, said route establishing
means comprising circuit means for energizing
the reversze switch control relay for each track
switch having its peints facing a designated exit
bcint when the button for said exit point is actu-
ated or a switch control relay for the preceding
track switch from the exit end has been picked
up regardless of the designated entrance point,
circuit means energizing for the normal switch
control relay of each track switch facing a desig-
nated exit point when the button for said exit
point is actuated or a switch control relay for the
preceding track switch from said exit point is
picked up only providing such track switch is re-
quired to be in a normal position for the route
having its entrance and exit points designated,
and circuit means for picking up only the nor-

- mal or reverse switch control relay as required for
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each track switch facing the designated entrance
point upon actuation of an exit button or the
picking up of a switch control relay for the pre-
ceding track switch from said exit point, and
switch control circuit means responsive to the
picking up of the ncrmal or reverse switch control
relay for each track switch for operating that
track switch to a corresponding position, where-
by the designation of an entrance point and an
exit point between which there are two optional
routes available results in the setting up of that
particular one of such routes diverging nearest
the designated entrance point.

15. In a switch and signal control system, a
track layout having stretches of track intercon-
nected by cross-overs and having turn-out track
switches with signal locations at the extreme
ends of such stretches and also at intermediate
points whereby the track layout is divided into a
plurality of interlocked groups within which
different routes may be set up, and whereby there
are. g plurality of through routes along said
stretches of track each including one or more
intermediate signal locations and one or more of
said through routes including one or more of the
stretches of track or parts thereof, manually op-
erable control buttons for each of the signal lo-
cations for designating such locations as en-

trance or exit points, route establishing means

for each of said interlocked groups effective to
caluse power operation of the crossovers to set
up any given route in response to the designation
of a signal location at one end of that route as
an entrance point and the designation of the
signal Iocation at the octher end of that route as
an exit point for causing the operation of the
track switches in such interlocked group to set
up such route and to clear the signal at the en-
trance end to such route, said route establishing
means including means for causing the particular
route to be set up between two signal locations
which diverges nearest the entrance point when
two optional routes between the designated en-
trance and exit points are available, circuit means
responsive to the operation of a control button for
the designation .of a signal location as an en-
trance point for causing the operation of an
entrance repeater relay for all of the intermedi-
ate signal locations in the available through
routes emanating from such entrance point, said
entrance repeater relays acting on the route es-
tablishing means for the associated interlocked
group. the same as the designation of its signal
location as an entrance point by the operation of
its control button, and circuit means at each
intermediate signal location rendered effective
by the establishment of a route extending from
that signal location in response to the picked up
condition of its associated entrance repeating re-
lay for acting on the route establishing means for
the adjacent interlocked group the same as if
that signal location had been designated as an
exit point by the operatién of its control button,
said route establishing means acting in response
to the actuation of a control button to designate
the exit end of a through route to establish
through each interlocked group in turn a partic-
ular route extending from only one intermediate
signal location of that interlocked group having
its enfrance repeater wrelay energized and to
release the energized entrance repeater relay for
other intermediate signal locations, said par-
ticular route established through an interlocked
group when more than one of its entrance re-
peater relays are energized being over switches
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in the normal position in preference to. the re-
verse position, whereby through routes may be
established by the designation of signal locations
at the opposite ends of such through routes as en-
trance and exit points causing the establishment
of routes in the intermediate inferlocked groups
and the clearing of signals therefor the same as
if control buttons for all of the intermediate sig-
nal locations had been operated.

16. In a switch and signal control system for
governing the power operation of track switches
in setting up routes through a track layout which
provides a plurality of optional routes between
common entrance and exit points, each of said
routes including at least one intermediate signal;
manually operable contact means for each of said
points for rendering effective the setting up of a
route between those entrance and exit points

~ when the contact means is actuated for both of
20

those points;. a through route relay for each of
said intermediate signals energized in response
to the actuation of the contact means for said
entrance point if a route is available between said
entrance point and that intermediate signal;

~and routfe establishing means rendered effective

upon actuation of said contact means for. said
exit point, following the actuation of said con-
tact means for said entrance point, for governing
the power operation of the track switches to set
up the optional route if available for use be-
tween said entrance. and exit points diverging
nearest said entrance point, and clearing the
signals for governing traffic over that route, such
route establishing means and the clearing of each
intermediate signal in that route being rendered
effective only if the through route relay for each
intermediate signal in that route is energized.
17. In a switch and signal control system of
the character described for governing the power
operation of switches and the clearing of signals
in a track layout providing a plurality of op-
tional routes between common entrance and exit
pgints for traffic in a given direction; manually

. operable contact means for said entrance and

exit points for, when actuated by an operator,
designating entrance and exit points for each
route to be set up; normal and reverse switch
control relays for each track switch for govern-

-.ing the operation of that f{rack switch to corre-
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‘sponding positions, the reverse . swifch  control

relay for a particular track switch having its
points facing said exit point in one of said op-
tional routes being quick acting with respect to
the normal switch control relay for that track
switch, while the normal switch control relays .
for the remainder of the track switches are quick
acting with respect to the reverse switch control
relays for those track switches, the normal and
reverse switch control relays for each of the
frack switches having their energizing circuits
interlocked in such a manner as to provide that
the reverse switch control relay for said particu-
lar track switch is picked up in preference to the
normal switch control relay for that track switch
whenever both normal and reverse switch con-
trol relays have their windings energized at the
same time, and that the normal switch confrol
relay for each of the other track switches is
picked up in preference to the reverse switch
control relay for that track switch whenever both
normal and reverse switch control relays for that
track  switch have their windings energized at
the same time; a.completion circuit network for
energizing said normal and reverse switch con-
trol relays which provides that the reverse switch




26

control relay for said particular track switch

has its winding energized when a route being

set up is selected up to that track switch from
the exit point designated, if a route is available
between designated entrance and exit points over
that track switch .in a reverse position, that a
normal switch control relay has its winding en-
ergized for said particular track switch when a
route being set up is selected up to that track
switch from the exit point designated regardless
of the designated entrance point, that a réverse
switch control relay has its winding energized
for each of the other track switches facing said
exit point when a route being set up is selected
up to that track switch from the exit point desig-
nated regardless of the designated  enfrance
point, that a normal switch control relay has its
winding energized for each of the other track
switches having its points facing said exit point
when a route being set up is selected up to that
track switch from the exit point designated, if
a route .is available between said entrance and

exit points over. that track switch in a normal.

position, and that a normal or reverse switch con-
trol relay, depending upon the required position
of that track switch, is energized for each track
switch that would be trailed from said exit point
when a route being set up is selected up to that
track switch from the exit point designated; and

switch operating means responsive.to the normal.

- or reverse switch control relay picked up for
each track switch for operating that track switch
to a corresponding position; whereby a route is
set up between said entrance and exit points,
when such route is designated by an operator by
actuation of said contact means for said entrance
and exit points, via said particular track switch
reverse in preference to a route via either of
the other track switches reverse whenever that
route is available, irrespective of whether or not
that route diverges nearest the designated en-
trance or exit point.

18. In a switch and signal control system of
the entrance-exit type for a track layout having
a plurality of conflicting routes extending be-
tween entrance and exit points defined by the
Jocation of wayside signals for governing traflic
over that track layout; manually operable con-
tact means-for each of said entrance and exit
points; .an entrance relay for each of said en-
trance points; circuit means for energizing each
of said-entrance relays when said contact means
for its associated entrance point is actuated,
means responsive to the energization of any given
entrance relay for rendering said circuitl. means
ineffective to- energize any other entrance re-

lay until the signal corresponding with said given

energized entrance relay. indicates clear; and
route establishing means responsive to the actua-
tion of said contact means for an exit point of a
route, following the picking up of an entrance
relay for an entrance point to that route, for op-
erating the switches to set up a route between
the entrance-and exit points thus designated and
for clearing the signal governing entrance to that
roufte.

19. In a.switch and signal control system of
the . entrance-exit type for governing traffic
through routes.of a track layout having a plu-
rality of track switches for setting up such routes
extending between entrance and exit points de-
fined by the location of signals; a single self-
restoring control button for each of said signal
locations; an entrance relay for each of said
entrance points; circuit means for. energizing

10

15.

20

25

2,265,259

each of said entrance relays when the bution
for its associated signal location is actuated, such
energization being rendered effective only if the
signal is clear that is associated with each of
the other entrance relays which are then ener-
gized; means for maintaining each entrance relay
energized until restored manually or automati-
cally by the movement of a train past the corre-
sponding signal, and route establishing means
responsive to the actuation of the button for a
signal location designating an exit point for an
available route, following the energization of an
entrance relay for an,entrance point to that
route, for causing the power operation of the
switches to set up a route between the entrance
and exit points thus designated and for clearing
the signal governing traffic through that route
corresponding with the entrance relay energized
by the first button actuated, and thereby render
other control buttons effective to energize their
respective entrance relays.

20. In a switch and signal confrol system for
governing the power operation of track switches
to set up any desired one of a plurality of con-
flicting routes through a track layout in accord-

- ance with the designation of entrance and exit
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ends of such routes by an operator, manually
operable contact.means for said entrance and
exit ends for designating the ends of each route
to be set up, a route end relay for each of the
route ends, circuit means for energizing simul-
taneously the route end relays for both ends of
each route when the entrance and exit ends of
that route have both been respectively desig-
nated and a possible route is available between
those route ends, normal and reverse switch
control relays for each track switch effective,
when picked up, to cause the power operation of
that track switch to a corresponding position, a
completion circuit network for energizing said
normal and reverse switch control relays com-
prising circuit selections which provide that all
of the track switches included in each route being
set up have their relays energized in succession,
starting with the track switch nearest a prede-
termined end of said track layout, such ener-
gization being rendered effective if the route end
relays are energized for the ends of that route,
irrespective of the direction of traffic for the
route being set up.

21. In a switch and signal control system of
the entrance-exit type for governing the power
operation. of track switches to set up any de-
sired route through a track layout in accordance
with the designation of entrance and exit ends
of ‘each of such routes by an operator, manually
operable contact means for said entranhce and
exit ends for designating the ends of each route
to be set up, a route end relay for each of the
route ends, circuit means for energizing simul-
taneously the route end relays for the entrance
and exit ends of each route, if such ends of that
route have both been respectively designated by
an operator and if a possible route is available
between those route ends, normal and reverse
switch control relays for each track switch for
causing the power operation of that track switch
to a corresponding position, a completion circuit
network responsive to the energization of both
route end relays for a designated route for ener-
gizing said normal and reverse switch control
relays, comprising circuit selections which pro-
vide for the energization of one or both of the
switch contro]l relays for each track switch fac-
ing .a predetermined end of said frack layout
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when a route being set up is selected up to that
track switch from that predetermined end, said
circuit selections providing for the energization
of a normal switch control relay for each track
switch facing said predetermined end when a
route being set up is selected up to that track
switch from such predetermined end and if the
route between the designated entrance and exit
points requires that track switch in a normal
position, said completion circuit network also
comprising circuit selections which provide for
the energization of a normal or a reverse switch
control relay, depending upon the required- posi-
tion of that track switch for each track switch
trailed from said predetermined end. when a
route being set up is selected up to that track
switch from such predetermined end, and switch
cperating means responsive to the energization
of the normal or reverse switch control relay
for each track switch for operating that track
switch to a corresponding position, the switch
control relay for one position of each switch
being slower acting that the other so that the
switch control relay for the other position-is
energized in preference to the switch control
relay for said one position when energizing cur-
rent is simultaneously supplied to both the nor-
mal and reverse switch control relays of that
switch. L

22. In a switch and signal control system of
the entrance-exit type for the establishment of

any desired route through a track layout which -

provides by the power operation of the track
switches of such-layout a plurality of conflicting

routes extending between entrance and exit-

points; manually operable contact means for
each of the entrance and eéxit points; normal
and reverse switch control relays for each track
switch, said reverse switch control relay for each
switch being slow acting with respect to said
normal switch control relay for that track switch;
an exit relay for each of said exit points; circuit
means for energizing the exit relay for any given
exit point when its manually operable contact
means is actuated following the actuation of said
manusally operable contact means for an en-
trance point to any possible route extending to
that exit peint, said circuit means being effective
only if said possible route is available for use;
circuit means for energizing in succession the
switch control relays for the respective switches
included in said available route beginning at the
exit end of such route, the normal switch con-
trol relay for each switch required to be in a
normal position for said available route being
energized and picked up in-its turn, the reverse
switch - control relay for each switch in said
available route heing energized in its turn re-
gardless of the designated entrance point. and
picking up its contacts if its associated normal
switechh control relay remains deenergized but

being deenergized and failing to pick up its con- :

tacts if its associated normal switch control relay
is also’ energized, and switch control means for
causing the operation of -each- of - said track
switches to the normal or reverse position in

accordance with the picked up condition of its
respective normal or reverse switch control relay. -
23. In a switch and signal control system of

the character described for governing- the power
operation of track -switches and the clearing qf
signals in setting up routes for a particular dix

rection of traffic through first--and second ad--

joining track portions, there being a signal pro-
vided-for the entrance to each portion:for said
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particular direction of traffic; manually oper-
able cortact means for the entrance and exit

points of each of said portions; route establish-
ing means responsive to the actuation of said

5 manually operable contact means for the en-

trance and exit points of each track portion
for setting up a route within that portion by
causing the power operation of the track switches
to proper positions for such route and clearing

10 the enfering signal to that route; a through

route relay associated with the intermediate sig-
nal of said adjoining track portions for said
direction of traffic, energized in response to the
actuation.of the manually operable contact means

15 for the entrance point to said first track portion

for that direction of traffic; and through route
establishing means responsive to the actuation
of said manually operable contact means for the
exit point of said second track portion following

20 the actuation of said manually operable contact

means for the entrance point to said first track
portion and the resulting energization of said
through route relay for effecting the response
of the respective route establishing means for

25 said first and second track portions to thereby

set.up a through route extending through both
of these track portions and for clearing the signals
at the entrances to such track portions.

24. In a switch and signal control system of

30 -the entrance-exit type for governing the power

operation of track switches included in optional
routes extending between common entrance and
exit points for traffic in a given direction: manu-
ally operable contact means for said entrance

35 and exit points; normal and reverse switch con-

trol relays for each of said track switches for
governing the operation of that track switch to -
corresponding normal and reverse positions, said
reverse switch control relay for a particular one

40 of said track switches being quick acting with

respect to said normal switch control relay. for
that track switch, and said normal switch con-
trol relay for each of theremaining track switches
being quick acting with respect to their reverse

45 switch control relays, the normal and reverse

switch control relays having their energizing cir-
cuits interlocked in such a manner as to provide
that the quick acting switch control relay for
each track switch is picked up in preference to

50."the other switch control relay for that track

switch whenever both the normal snd reverse
switch- control relays for such switch becomes
energized at the same time; circuit means re-
sponsive to the actuation of said contact means

55" for said entrance and exit points for energizing

the switch control relays for the track switches
in ‘succession beginning at the exit end of said
optional routes, said circuit means acting to apply
energizing current to the slower acting switch

60 control” relay of each switch in turn disposed

in a facing relation to said exit end and also to
the quicker acting switch control relay of that
switeh if there is an optional route available over
that switch in a corresponding normal position,

¢5.'said circuit means acting to apply energizing

current to  either the normal or the reverse
switch control relay alone of each of the remain-
ing switches in turn disposed in a trailing rela-
tion to said exit point dependent upon the posi-

70 “tion of that switch required to continue a route

toward the designated entrance point; and switch -
operating means responsive to the picking up
of said normal or reverse switch control relay
for each of said track switchesfor operating that

75 track switch o a corresponding position; whereby
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any switch, which may optionally be in either of
its two positions to set up an optional route,
assumes one position in preference to the other
by reason of the relative timing of its switch
control relays.

.25, In a switch and signal control system for
governing the power operation of track switches
in setting up routes through a track layout pro-
vidihg a plurality of conflicting routes extending
between signal locations constituting entrance
and exit points, manually operable contact means
for each of said signal locations for, when re-
spectively actuated, designating the correspond-
ing signal location as the entrance or exit point,
normal and reverse switch control relays for
each track switch, each such relay being effective
when picked up for governing the power opera-
tion of that track switch to a corresponding
normal or reverse position, and a route estab-
lishing circuit means for selectively energizing
said normal and reverse switch control relays as
required to set up any desired route having its
entrance and exit ends designated by the actua-
tion of the manually operable contact means for
the corresponding signal locations constituting
entrance and exit points, said circuit means
comprising circuit selections for energizing the
switch control relays for each switch in succes-
sion beginning at a designated exit point and
following along .a route toward the designated
entrance point only providing that route is avail-

-able for use, said circuit selections acting with
respect -to each switch along that route facing
said exit point to cause the energization of its
reverse switch control relay irrespective of the
position required of that switch to continue that
route but to cause the energization of its normal
switech control relay only if such norma]l position
of that switch be required to continue said route
toward the designated entrance point, said cir-
cuit selections effecting an interlock between the
normal and reverse switch control relays of each
switch so that either relay picked up deenergizes
the other, and means providing that the simul-
taneous energization of both the normal and
reverse switch control relays for a switch shall
effect the picking up of the normal switch con-
trol relay in preference to the reverse switch
control relay.

26. In a switch and signal control system of
the character described for railway track layouts
affording through routes past one or more inter-
mediate signals, manually operable buttons for
desighating the entrance and exit ends of desired
routes, route establishing means for operating
the switches and controlling the clearing of an

entrance signal and each intermediate signal in .

a through route in response to the actuation of
buttons to designate the extreme entrance and
exit ends thereof, relay means associated with
each intermediate signal for controlling the
clearing thereof for through route operation, said
route establishing means including initiating cir-
cuits energized by the actuation of a button for
an entrance signal location for energizing said
relay means associated with each intermediate
signal included in-any through route originating
at said entrance signal location, and means effec-
‘tive while the same or any conflicting route con-
necting with an intermediate signal location is
established or occupied by a frain for preventing
energization of said relay means for that inter-
mediate signal location.

-27. In a switch and signal control system of
the character described for railway track layouts

10

15

20

25

30

35

40

45’

50

55

60

65

70

75

2,265,259.

including a plurality. of interlocked groups of
power operated switches affording through routes
past one or more intermediate signal locations
defining the limits of the various interlocked
groups, manually operable buttons for desig-
nating the various signal locations as the en-
trance and exiti ends of the various possible
routes provided by said track layout, route es-
tablishing means for operating the track switches
and controlling the clearing of an entrance sig-
nal and each intermediate signal in a through
route in response to the actuation of control but-
tons to designate the extreme entrance and exit
ends of such through route including relay means
associated with each intermediate signal for con-
trolling the clearing thereof for through Troute
operation, initiating circuits- energized by the
actuation of a button for any given entrance sig-
nal location for energizing said relay means as-
sociated with each intermediate signal included in
any through route originating at said entrance
signal location, and traffic controlled contacts in-
cluded in said initiating circuits effective when
any given route connecting with an intermediate
signal location is established or occupied by a
train, to open the associated initiating circuit for
that route for preventing the energization of said

relay means for that intermediate signal loca-

tion.

28. In a switch and signal control system of the
character described for railway track layouts
having a plurality of interlocked groups of power
operated track switches defined by signal loca-
tions for governing traffic over routes in the
various interlocked groups and at times consti-
tuting intermediate signal locations for those
through routes including one or more stich group
defining signal locations, manually operable but-
tons associated with each signal location for
designating that location as the entrance or exit
point of desired routes, route establishing means
associated with each interlocked group for oper-
ating the track switches of that group and con-
trolling the clearing of an entrance signal in re-
sponse to the actuation of buttons to designate
entrance and exit points of any desired route in
that interlocked group, and through route estab-
lishing means for inter-relating the route estab-

lishing means for the adjoining interlocked
groups including relay means for each signal

location which may become an intermediate sig-
nal location in some through route for acting on
the route establishing means of its interlocked
group the same as if a button had been operated
to designate said signal location as an entrance
point and for controlling the clearing of such
signal and acting upon the route establishing
means for the adjoining interlocked group the
same as if such signal had been manually desig-
nated as an exit point when the control button
for the extreme exit end of a through route has
been actuated, initiating circuits energized by
the actuation of a button or the picking up of
said relay means for any given entrance signal
location of any interlocked group for energizing
said relay means associated with the next inter-
mediate signal location included in any through
route originating at said given entrance signal
location, whereby said relay means for the sev-
eral intermediate signal locations in any through
route are energized in succession and the actu-
ation of the control button at the extreme exit

end of such. through route causes the route es-
tablishing means for the several interlocked

groups included in such through route to be ef-
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“fective to establish routes in succession begin-
ning at such exit end, and traffic controlled con-
tacts associated with each interlocked group and
included in the initiating circuits associated with
that interlocked group for preventing the ener-
gization of the relay means associated with the
signal locations at the ends of any route estab-
lished or occupied by a train within a given in-
‘terlocked group, whereby through routes are pre-
vented from being built up under a train.

29. In a switch and signal control system of
the character described for railway track lay-
outs having a plurality of interlocked groups of
power operated track switches each group de-
fined by signal locations for governing traiffic in
the various routes of that interlocked group and
at times constituting intermediate signal loca-
tions for those through routes including one or
more such interlocked groups, said track layout
including two or more alternative through routes
past different intermediate signal locations,
manually operable buttons associated with each
sighal location for designating that location as
the entrance or exit point of desired routes,
route establishing means associated with each
interlocked group for operating the  track
switches of that route and controlling the clear-
ing of an entrance signal in response to the
actuation of buttons to designate entrance and
exit points of any desired route in that inter-
locked group, said route establishing means act-
ing in the case of alternative routes to selective-
1y establish such routes in an order dependent
upon their relative degree of directness between
the entrance and exit points designated, and
through route establishing means for inter-re-
lating the route establishing means for adjoin-
ing interlocked groups including relay means for
each signal Jocation which may become an inter-
mediate signal location in some through route
for acting on the route establishing means of its
interlocked group the same as if a button had
been actuated to designate said signal location as
an entrance point and for controlling the clear-
ing of such signal and acting upon the route
establishing means for the adjeining interlocked
group the same as if such signal location had been
manually designated as an exit point when the
control button for the extreme exit end of a
through route has been actuated, initiating cir-
cuits energized by the actuation of a button or
the picking up of said relay means for any given
entrance signal location of any interlocked group
for energizing said relay means associated with
the next intermediate signal location included in
any through route originating at said given en-
trance signal location, whereby said relay means
for the several intermediate signal locations in
all though routes originating at an entering
signal location are energized in succession and
the actuation of the control button at the ex-
treme exit end of any one of such through routes
causes the route establishing means for the sev-
eral interlocked groups included in that through
route to be effective to establish routes in the
several interlocked groups in succession hegin-
ning at such extreme exit end, and traffic con-
trolled contacts associated with each interlocked
group and included in the initiating circuits as-
sociated with that interlocked group for pre-
venting the energization of the relay means as-
sociated with the signal locations at the ends of
any route established or occupied by a train
within that given interlocked group to thereby
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permit the energization of said relay means for
the different intermediate signal locations of a
less direct through route to effect the establish-
ment of such less direct alternative through
route upon the actuation of the button at the
extreme end of such alternative through routes.

30. In combination, a track layout including
track switches operable to form different traffic

‘routes with a signal for each track at each end of

the layout, certain of said routes being located
end-to-end to form a first and a second portion
of a through route having an intermediate sig-
nal, a route button and an entrance relay for
each signal location, an additional entrance re-
lay for the intermediate signal, means normally
effective when any route button is momentarily
operated to energize the associated entrance re-
lay, route establishing means for each route ef-
fective when energized to operate the track
switches as required for such route, means re-
sponsive to the operation of the route button for
the exit end of a route having the entrance relay
for its entrance end energized for energizing the
route establishing means for such roufe, means
for clearing the signal associated with the ener-
gized entrance relay when such route becomes es-
tablished, means responsive to the energization
of the entrance relay for the first portion of said
through route for energizing said additional en-
trance relay for said second portion, means ef-
fective when entrance relays for both portions of
said through route are energized for energizing
the route establishing means for both portions in
response to the momentary operation of the but-
ton for the exit end of the second portion, and
means effective, if the route button for the exit
end of the first portion of said through route is
operated, to energize the route establishing means
for said first portion only and then release said
additional entrance relay for said second portion.

31. In an interlocking control system, a track
layout-including track switches operable to form
different traffic routes, a normal and a reverse
route relay for each track switch, a route circuit
network including a plurality of normally open
circuits including one for each normal or reverse
route relay each circuit corresponding to a route,
or portion thereof, for which the track switch
controlled by such route relay is required to oc-
cupy - a corresponding normal or reverse posi-
tion, a route button and an entrance relay for
each route end, means responsive to the operation
of the button for one end of a selected route,
when no other route button has been operated,
for energizing the corresponding entrance relay,
means controlled by each entrance relay when
energized for connecting one terminal of a source
of current to one end of the circuits for certain
of the route relays for routes having a corre-
sponding entrance end to prepare such circuits
for energization, means responsive to the momen-
tary operation of the route bution for the exit
end of said selected route for connecting the
other terminal of said source to the opposite end
of the prepared circuit for the route relay for
each switch of the selected route, means for sub-
sequently maintaining such route relays ener-
gized until such entrance relay is released, and
means controlled by each energized route relay
for operating the correspanding track switch
to normal or reverse as required for the selected
route,

32. In an interlocking confrol system, a track
layout including track switches operable to form
different traffic routes, & normal and a reverse



30

route relay for each track switch, a route circuit
network including a plurality of -normally open
circuits including one for each normal or reverse
route relay.each circuit corresponding to a route,
or portion thereof, for which the track switch
controlled by such route relay is required to oc-
cupy a corresponding normal or reverse position,
-a route button and an entrance relay for each
route end, means responsive to the operation of
the button for one end of a selected route, when
‘no other route button has been operated, for en-
ergizing the corresponding entrance relay, means
‘controlled by each entrance relay when energized
for connecting one terminal of a source of current
to one end of the circuits for certain of the route
-relays for routes having a corresponding entrance
end to prepare such circuits for energization,
means responsive to the momentary operation of
the route button for the exit end of said selected
route for connecting the other terminal of said
source to the opposite end of the prepared circuit
for the route relay for the last track switch in
said selected route, & means for maintaining said
last named route relay energized until such en-
trance relay is released, means responsive to the
energization of each route relay for a switch in
said selected route for energizing the route relay
for the next preceding switch in such route, and
means controlled by each -energized route relay
for operating the corresponding track switeh to
normal or reverse as required for the selected
route. ’

33. In a switch and signal control system of the
entrance-exit type for track layouts affording one
or more through routes over g plurality of adjoin-
ing interlocked groups past one or more inter-
mediate signal locations, said system comprising

,manually operable buttons for designating the
signal locations as the entrance and exit ends of
desired routes and through routes, an entrance
and an exit relay for each signal location, an en-
trance repeating relay for each signal location
that may become an intermediate signal in some
through route, normal and reverse switeh control
relays for each of the track switches for control-
ling such track switches to corresponding normal
and reverse positions, circuit means responsive to
the operation of a button to designate an en-
trance signal location for energizing the entrance
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relay-for such signal location and closing a stick
circuit therefor, local initiating circuits for each

interlocked group including contacts -of the nor-
mal and reverse relays for the track switches of
that group and responsive to the energization of
an entrance relay or to the energization of an en-
trance repeating relay for any given signal loca-
tion of such interlocked group for conditioning
for energization the exit relay for the exit end of
each available route in that interlocked group
originating at such signal location, said local in-
itiating circuits being effective irrespective of the
occupied condition of each available route,
through route initiating circuits for each inter-
locked group responsive to the picking up of an
entrance relay for an entrance signal ‘location
and to the energization of the entrance repeat-
ing relay for that signal location of such inter-
locked group for energizing the entrance repeat-
ing relay at the exit end of each available route
in that interlocked group originating at that sig-
nal location, said through route initiating circuits
for each interlocked group including contacts
controlled by traffic to prevent the energization
of an entrance repeating relay at the end of a
route occupied by a train, whereby the designa-
tion of a signal location as an entrance point en-
ergizes the local initiating ecircuits for each of
the interlocked groups included in some through
route originating at the designated entrance sig-
nal location providing such through route is not
occupied by s train, circuit means responsive to
the operation of a button to designate a signal 1o~
cation as the exit end of some through route for
energizing said exit relay for that signal location,
route completion means responsive to the pick-
ing up of an exit relay for the exit end of an
available route of an interlocked group for caus-
ing energization of the normal and reverse switch
control relays as required to establish that route,
and circuit means associated with each interme-
diate signal location responsive to the comple-
tion of a route originating at that signa) location
when its entrance repeating relay is’ energized
for energizing the entrance relay for that signal
and the exit relay for the available route termi-
hating at that signal location.
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