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CHAPTER XXVI

RELAY INTERLOCKING

General

- Early types of -interlocking, as described in Chapters, XVII—Mechanical A ‘
and Electro-Mechanical Interlockmg, XVIIT—Electro-Pneumatic Interlock-
ing and XIX—Electric Interlocking, provided mechanical locking between the
levers of the control machine to enforce a predetermined sequence of lever
operation.

When the need arose to control field functions some distance from the control
machine, relay circuits were developed in which all locking is done by circuiting
rather than by means of mechanical locking of the levers.

Relay interlocking makes it possible to use very compact control machines
to replace large and cumbersome mechanical, electro-mechanical, electro-
pneumnatic and electric interlocking machines. Relay type machines permit
more efficient use of existing space without requiring the construction of special
control towers. As a result, modern towers can be designed with a minimum
of space and with a saving in initial cost.

Compact control panels, free-operating miniature levers, and continuously
displayed indications increase the capabilities of the operator. As distance is
no longer a barrier, extensive interlocking consolidation is readily attained.

The use of simple, reliable relays instead of mechanical devices provides
low-cost maintenance, and ensures speed and absolute integrity of operation.

There are today three general types of relay interlocking: namely, local
control, remote control, and automatic. Local and remote control interlock-
ings uge either individual lever type or route type control machines. Local
control interlocking uses direct wires to control and indicate field functions.
Remote control uses either direct wire, coded direct current or carrier, or
selective carrier frequencies to control and indicate field functions. Automatic
interlocking, of course, does not require a contro! machine,

Because of its many advantages, relay interlocking is rapidly replacing

older types and is used for new installations.

Chapter I—History and Development of Railway Signaling lists in chrono-

logical order the development of the various types of relay interlocking.

Control Machines

The Signal Section, Association of American Railroads, defines Control
Machine for relay interlocking as: An assemblage of manually operated levers
or other devices for the control of signals, switches or other units, without
mechanical interlocking, usually including a track diagram with indication
lights. Other indicating devices such as point indicators are sometimes used.

Control machines, and associated circuits in the field, incorporate the follow-
ing features:

1. Levers, knobs, or buttons are free-working and can be moved at any
time. Any improper manipulation cannot create an unsafe condition.

2. Under normal conditions, track switch points and derails can be moved
at any time that they are not electrically locked in an established or occupied
route.

Operative signals can display a Proceed aspect only when there is an
established route.

4. Electric locking guarantees the integrity of the route and provides that
no track switch or derail in a route can be moved while locking is effective and
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no opposing or conflicting functions can be operated until the route or section
thereof is released.

Individual lever ftype machines.
Individual lever type machines, Figs. 1 through 8, have levers on the mathine .
panel for the control of each switch, signal, electric lock, derail, ete.

Fig. 1.
Control Machine with Signal Levers in the Track
Diagram and Movable Route Indicators.

Fig. 2.
Control Machine with Signal Levers in the Track
Diagram and Rotary Switch Levers.
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Fig. 3.
Wing Type Control Machine with Signal
Levers in the Track Diagram.

O

Fig. 4,
Control Muchine for Coded Remate Control,




Fig. 5.

Control Machine with Switch and Signal Control

Levers Below the Track Diagram.

Fig. 6.
Unit Lever Control Machine—Levers Below Track

Model,
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Fig. 7.
Signal Levers in Track Model
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Push-Tarn Sigual and Switeh Levers Below Track Madel,




Several arrangements of these levers in common use are:

1.

Signal and switch levers located below track diagram:

Referring to Fig. 9. Two lamps above a three-position rotary signal
lever indicate, when illuminated, that the signal is cleared to the left or
right. A third lamp indicating the signal at stop, canalso be provided. =
The indication that time locking is in effect is provided by extinguishing
all lights over the lever. The two-position rotary switch lever usually
has two indication lights: namely, normal and reverse. A third light
indicating that field locking is in effect is also commonly provided. A
two-lamp arrangement where one lamp is used to indicate that the switch
machine is out-of-correspondence with its lever and the other to indicate
field locking is in effect is also provided.

y oy
Ld *»
J y
& B
Fig. 9.

Typical Arrangement of Levers Below Track Diagram,

Referring to Fig. 10. This type of machine is generally furnished with
the control panel normally dark. Individual directional indicating lamps
are located above the three-position rotary signal lever to indicate, when
illuminated, that the signal is cleared to the left or to the right. When
desired, an indication lamp can be provided in the barrel of the signal
lever to indicate that the signal is cleared. The direction in this case is
indicated by the position of the lever. The two-position rotary switch
lever contains a switch correspondence light in its barrel which is illumin-
ated when the switch point position does not agree with the position of
the lever. The lock light, located on the panel below the switch lever,
is illuminated whenever the electric locking is in effect. This locking
includes all detector locking, route locking, time locking, or other types
of locking that may be required. Indications other than those stated
can be provided as required.

Signal levers located in track diagram, switch levers below:
Referring to Fig. 7. Signal indications are located adjacent to the
two-position signal lever in the track model. One light indicates signal
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Fig. 10.
Diagram of Typical Control Panel.

clear, the other light indicates signal at stop. Variations of the above
indications are sometimes used to indicate preliminary clearing of signal,
time locking, etc. A

Two-position switch levers are arranged with three indication lights
each, one for normal position, one for reverse position, the other for locked
indication. The combination of the normal and reverse indication lights
indicates out-of-correspondence.

Referring to Fig. 11. A flashing light in the barrel of the signal lever
indicates the signal is called to clear; a steady light that the signal has
cleared. An alternate method is the use of the two separate colored
lamps, both located in the barrel of the signal lever. Indications for the
signal levers are the same as for Fig. 10.

3. Switch levers located in track diagram, signal levers below:

Switch levers, when combined with movable route indicators, have
two lamps in the barrel for correspondence and lock indications. Indi-
cations for the signal levers are the same as for Fig. 10.

Special levers, knobs, switches, and lights may be provided on the machine
panel, for example: traffic levers, maintainer call switches, power-off indication
lights, etc.

Track lights, located in the track diagram, are illuminated when correspond-
ing track sections are occupied by a train. Occupancy of approach track cir-
cuits may be accompanied by an audible indication.

Route type machines.

Route type control machines are illustrated in Figs. 12 through 15. On the
track diagram at all route entrances are knobs or controllers which physically
represent interlocking signals in the interlockings. Push buttons, or other
controllers, also located in the track diagram, represent exits of routes. Com-
plete routes may be established through the interlocking by manipulation of
the entrance knob or controller at the entering end of the route and the push
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Fig. 11.
Countrol Machine with Signal Levers in Track Diagram,
Switch Levers Below.

button or controller at the leaving end. Such manipulation of levers auto-
matically establishes the route, throwing the required switches and clearing
the required signals. The proper sequence of operation is established by relay
circuits associated with the control machine. A route as lined up on the con-
trol panel can be displayed by the movable route indicator system or the line-
of-light system.

The movable route system, Fig. 16, employs electrically operated point
indicators mounted in the track diagram. The movable points pivot across
the white track lines at the point of divergence so the route set up shows as a
solid white line. The route locked up is shown by the illumination of red lock
lights at the points of the route indicators. Track lights are provided on the
track diagram to show the progress of a train over its route.

With the line-of-light system, Figs. 17 and 18, an established route is out-
lined from entrance to exit by illumination of light panels in the track diagram.
When a train enters the route, light sections representing respective track cir-
cuits in the interlocking change from white to red, denoting occupancy. These
same sections go dark behind a train as the route or sections of the route are
released unless fleeting movements are in progress in which case they will
return to white. If the route has not been accepted by a train, the line sections
continue lighted white while the route is approach or time locked. In line
lighting, the track diagram is normally dark, and lighting appears only when
the machine is activated by the establishing of a route, by an approach be-
coming occupied, or by manipulation of individual switch levers for operation
or test. Switch positions are indicated by normal or reverse light sections being
lighted steadily for “correspondence” or flashing for “out-of-corre: pondence™
between the switch and its control.
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Fig. 12.
Route Type (NX) Control Machine with Movable
Route Indicators.
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Route Type (NX) Control Machine with Line-of-Light.
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Fig. 14,
Console Route Type (NX) Control Machine with
Separate Track?Diagram,
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Fip, 15,
UR Line-of-Light Control Machine.
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Fig. 16.
Movable Route Indieator Panel.

Fig. 17,
Line-of-Light Panel.

Fig. 18,
Line-of-Light Track Indication,




) Individual auxiliary switch levers are usually included on the control panel

" ‘of route type machines to provide means for the individual operation of the
switches in the interlocking. Individual operation may be necessary for test-
ing purposes, for preselection of a route, or for use in an emergency.

The entrance buttons or controllers employed on route type machines are
usually arranged to be pushed, pulled, and/orturned. .Pusliing the entrance
button and the exit button in sequence establishes a route. Automatic re-
storation of the route is accomplished by passage of the train, thus permitting
the aligning of other routes as the sectional locking becomes released; pulling
the entrance button will cancel the route if such route has not been accepted
by a train. Turning the entrance button holds the route for a succession of
{raing or ‘“‘fleeting” movements. In this case, the controlled signal operates
similar to an automatic signal and repeatedly reclears automatically after each
train vacates the block. Turning the entrance button downward or with a
separate calling-on button the signals may be cleared for restricted movements
into occupied tracks. In either case, when setting up the route for fleeting or
calling-on, the entrance and exit buttons must be pushed first to set up the
desired route.

Many interlockings provide two or more possible routes between entrances
and exits. The gystem is so arranged that a preferred route will be set up for
usual operation and a secondary route automatically set up when any part of
the preferred route is not available. Where the interlocking layout is such as
to provide for additional choices, other alternate routes are automatically
selected as traffic conditions dictate. Alternate routes may also be set up by
the use of the individual auxiliary switch control levers.

Several methods are available for indicating routes initiated and completed.
COne method, using a single white lamp in the entrance knob, cauges this lamp
to flash when the route ig initiated. On completion of the route, when the
switches are over and locked and the signals cleared, the flashing white light
becomes steady white. Thesge indications are similar to those on a centralized
traffic control machine. Another method uses two lamps in the entrance knob,
which may be used in two different ways. A steady red light indicates that the
route ig initiated, and a steady green light indicates the signal is clear; or a
flashing red light indicates the route is initiated, a steady red light the route is
complete but the signal has not yet cleared; a flashing green light indicates the
low-speed signal is clear, and a steady green light that the high or medium-
speed signal is clear.

A method utilizing the line-of-light for track indication illustrated in Fig. 18
operates essentially as follows: When the entrance button is pushed a red light
is displayed indicating the entrance selected; at this same time all available

" exits are indicated by illuminating the individual line-of-light sections ad-
jacent to their regpective exit buttons. Upon selection of the desired exit, all
switch lever indicating lamnps flash red to indicate movement of the switch to
the desired position. When all the switches are in the proper position, the
entire route becomes lighted with a white line-of-light. The entrance light or
signal indication light changes from red to green, indicating the signal is clear.
A flashing green indication light is sometimes used when the signal is cleared
for a restricted move. Various other deviations such as color of lamps, whether
flashing or steady, have also been used for certain indications.

One form of route interlocking, designated NI (eNtrance-e3{it) makes use of
separate push-pull-turn entrance knobs and push exit buttons or a single push-
pull-turn knob which serves as an entrance or exit depending upon the sequence
of operation of the knobs. Another form, designated UR (Union Route), uses
the single push-pull-turn controller for entrance and exit purposes. The first
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controller operated actuates functions to establish an entrance, while the
second one determines the exit. In either case, a maximum of two buttons is
used to line up a route.

A feature termed “through-routing” or “end-to-end route line-up” can be
provided in the route type system whereby it is unnecessary to-use intermediate o .
- control knobs or controllers for a complete route through the interlocking. '
Controls are usually provided so that upon actuating a given entrance, an
exit may be taken at any intermediate exit or at the last exit, as desired.

Push button control centers.

As the territory covered by one traffic control system increased, the control
machine increased in size and it became difficult for one man to manipulate the
controls. A recent approach to this situation was the development of more
compact control machines with a push button control console separate from
the track diagram panel. Less space is required, providing for ease of control
of increased territory by one operator.

One form of push button control center, designated “Traffic Master,” com-
prises a desk-sized console and separate illuminated track diagram (Fig. 19).
The track diagram shows the layout of the controlled territory and displays
all the indications, such as track occupancy, switch position, signal clear, etc.
The console has push buttons for location selection and for control of the way-
side functions. Push buttons are grouped on small detachable panels, which
can be removed for maintenance or replacement.

On the track diagram the field locations are designated by numbers.
Switches and signals at each location are numbered in arithmetical sequence
beginning with 1. Thus, at all locations having one switch and associated
signals, the number 1 is assigned. When more than one set of switches and
signals are involved, the second set is numbered 2, the next is 3, and so on for
as many as may be required.

On the console there is a location selection push button for each location in
the controlled territory. The location selection buttons are numbered to
correspond with location numbers on the track diagram. There are also on
the console a number of push button panels numbered in sequence, beginning
with 1. Switch and signal push buttons on each of these panels control the
like-numbered functions at any location previously selected by a location

Fig. 19;
Traffic Master Control Center.
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button: that is, panel 1 carries buttons for controlling all switches 1 and signals
1 in the system. If, for example, location button 1 is first pushed, pushing the
switch and signal buttons on panel 1 causes operation of switch 1 and signal 1
at location 1. 1If location button 2 had been pushed instead of 1, pushing the
same switch and signal buttons on. panel 1, would ‘have caused operation of
switch 1 and signal 1 at location 2.

One such control unit, illustrated in Fig. 20 and designated “Style TCC
Traffic Control Center,” has the controls concentrated in a control console
located in the center of the desk. A miniaturized track diagram is provided
to make the control machine more compact. (Thus permitting the inclusion
of larger territories.) The usual train graphs and communication panel are
provided.

Fig. 20.
‘ Style TCC Traffic Control Center.

The track layout is divided into similar sections or locations and each loca-
tion is given an identifying number. Each location has the switch and signal
functions numbered the same for similar operations. The track diagram is
built up in uniform sections or modules so that additions or changes are readily
made. The usual indications are provided.

The control console, Fig. 21, is equipped with push buttons instead of the
levers used with the usual centralized traffic control machines. Buttons are
provided for station selection, switch and signal selection, and such auxiliary

Fig. 21.
Cousole for Style TCC Traffic Control Center.
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controls as required. Where the number of locations does not exceed 99, only
two buttons must be pressed to select a location. Then the buttons for switch
and signal control are pressed. As in other control machines, the intended
controls are stored in circuits until the start button is pushed or the conditions
canceled. With the control console mounted in the center of the desk, the
dispatcher may remain’ in one position to operate the entire center.

Control

Relay interlocking systems are controlled by direct wire, code or carrier.
Regardless of the method of control, the same principles govern and the same
general pattern is followed in the design of the safety circuits surrounding the
functions in the field.

As shown in Fig. 22, control of field functions from the individual lever typs
control machine or the route type control machine (through route network
relays) can be accomplished by direct wire (near group), direct wire (far group),
or by code and carrier systems. The near group direct wire scheme requires a
relatively large number of line wires. When the distance between the control
machine and the control relays becomes great enough, it is no longer economical
to use the near group direct wire arrangement. Combining control and indi-
cation information on a fewer number of direct wires, far group control,

CONTROL OFFICE FIELD LOCATION
Is N N

INDICATION
AND DIRECT WIRE

FUNCTION

CONTROL RELAYS

RELAYS NEAR GROUP
UNIT LEVER
PANEL S
INDICATION INDICATION FUNCTIONS
ROUTE AND DIRECT WIRE AND £ !
» UNCTION SWITCHES
PANEL L CUNTROL FAR GAOUP CONTROL 8 RELAYS . Pl “gioNALS
RELAYS RELAYS ETC
ROUTE
SELECTION INDICATION
NETWORK (o AND
RELAYS CONTROL
RELAYS
CODE
INDLChAgrON L ODE LONTROL TG OTHER
LU NTROL 2 LiNE WIRES LGCATIONS
RELAYS

Fig, 22,
Interrelation of Systems.

eliminates many of the line wires. Even this method has its limitations as
distance to the field locations increase. The code and carrier systems provide
the means for reaching out to distant remote points with only two line wires.
Code and carrier systems are advantageous for consolidating control of scat-
tered interlockings. Widely used systems of code control of interlockings and
the apparatus used are described in detail in Chapter IV -—Centralized Traffic
Control.

New systems of code control have been developed in the interest of sim-
plicity in the control of a single interlocking from a remote location, for in-
creasing the speed of coding, to handle more dense traffic, and to control a
number of smaller interlockings from a central point with greater speed and
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facility. ‘The first three systems described hereafter are of the first type; the
fourth system is of the latter type.

One type of code control system, designated “Syncrostep,” is an all-relay
-gystem for the remote control of a single remote interlocking. The system, is
simplex in operation, that is, the line circuit can carry only one control code
or one indication code at a time. All controls for a given cycle are scanned and
delivered progressively to the function relays. Indications are also delivered
progressively to the control office. ‘The transmission and reception of codes
depend upon step-by-step operation of relays at the control office and field
location working in synchronism. Control codes consist of polarized pulses
of equal duration. The individual character of each control code is determined
by the sequence in which the positive and negative pulses are arranged. The
indication portion of the system uses the same office and field relay stepper
units. However, in place of a polar code on the line, the negative line energy
is interrupted in the field causing a pulse-open condition of the line. Thus, an
indication cycle is a series of opens and pulses that are actuated from the remote
interlocking by opening and closing the line.

A time code control system, designated “Form 510,” is a single station
system to control one interlocking from a remote location. It is an all-relay
system designed on the principle of having a series of impulses trangmitted
from the control point to the remote interlocking for “controls,” and another
geries of impulses transmitted from the interlocking to the control point for
“indications.” Each impulse of a “control” positions its particular relay at
the remote location to one position if the impulse is short and to the opposite
position if the impulse is long. Each impulse of an “indication” positions its
particular relay at the control point to one position if the impulse is gshort and
to the opposite position if the impulse is long.

The line circuit from the control point to the remote location consists of two
wires. The line is normally energized from a d.c. source located at the control
point. The impulses or codes are transmitted over this line by alternately
opening and closing the circuit. Coded carrier may be used.

Two sgizes of equipment are available. One produces codes consisting of 20
impulses, 18 of which are available for the control of two-position functions and
indications. Another produces codes consisting of 32 impulses, 30 of which are
available for the control of two-position functions and indications. Means for
increasing or decreasing the functional capacity are available.

The “516-A Code Control System” is a higher speed single station system in
which control and indication information are transmitted concurrently. A
" code to or from any one of a group of functions, therefore, automatically con-
tains information to position all control and indication functions. The number
of controls and indications that can be handled by one system is determined
by the mazimum length of code practicable for the installation involved. A
516-B System with twice the capacity of the 516-A System is also used.

The system may be operated over a two-wire line circuit by four separate
and distinct carrier frequencies, two originating at the office {control fre-
quencies) and two originating at the field location (indication frequencies).
Where the distance is not too great, operation may be accomplished by d.c.
over five line wires. One wire corresponds to each frequency and the fifth wire
is common. The control energy is normally off and the indication energy
‘normally on.

Coding operation can be initiated by either field or office. The office starts
coding by a local initiating action. The field initiates coding at the office by
removing one of the indication frequencies in the carrier system.

Each code consists of a starting or synchronizing step, a number of operating
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steps (depending on the size of the interlocking to be controlled), and a reset
step. The starting step consists of a period during which both control fre-
quencies are on and a period during which both frequencies are off.

Each operating step consists of a period during which one of the control fre-
quencies is on. The “on” frequency determines the position of the controlled
function—normal or reverse. The reset is'accomplished at the end of the code -
by both frequencies being off.

Concurrently, on each of the operating steps and the reset step, two two-
position indication relays at the office are operated to either of two positions
in response to whether the independent indication frequencies are on or off.

The stepping rate of the system is approximately 25 steps per second. Con-
trols and indications can, therefore, be delivered at the rates of 25 and 50 re-
spectively per second.

Another type of code control system, designated “Syncroscan,” consists of
two separate systems, one for controls and the other for indications, operating
independently over the same two line wires. The all-relay control system
makes use of relays utilizing the free oscillations of identical mechanical
oscillators—one at the control office and one at each remote interlocking—to
create the synchronized steps of a control cycle. These steps are equal units
of time in the cycle, information being conveyed by the polarity of energy on
the line during each of the steps. The electronic indication system operates
on two carrier channels between the control office and remote interlockings.
The scanning of indications is accomplished by sending synchronizing pulses
from the office via a carrier channel to the various remote interlockings and,
in turn, checking the field functions to be indicated at each remote point and
transmitting indication pulses to the control office on a different carrier channel.

Automatic Interlocking

The Signal Section, AAR, defines Automatic Interlocking as: An arrange-
ment of signals, with or without other signal appliances, which functions
through the exercise of inherent powers as distinguished from those whose
functions are controlled manually, and which are so interconnected by means
of electric circuits that their movements must succeed each other in proper
sequence, train movements over all routes being governed by signal indication.

An automatic interlocking is operated through the medium of track circuits
upon the approach of a train. Referring to Fig. 23, and assuming that no
trains are within the limits of the interlocking on either road, a train entering
upon track circuit E will automatically clear the route for movement of this
train over the crossing, and home signal 3 and approach signal 4 will indicate
Proceed. Before these two signals display the Proceed aspect, home signals
6 and 7 on the crossing line must indicate Stop and approach signals 5 and 8
indicate Approach. Therefore, should a train approach on the crossing line
at this time, it will not receive signals to proceed over the crossing until the
train which has entered track circuit E has passed over the crossing and cleared
track circuit C; or in other words, has passed beyond the opposing home signal
2 on that line.

Provision is generally made at automatic interlockings whereby a train
which may be stopped at a home signal on one line due to a train standing on
the approach circuit of the crossing line and not ready to proceed over the
crossing, may send a trainman to the crossing and by operating a device, cause
the signals already cleared for the standing train to assume the Stop position
and thereby allow those for the second train to assume a Proceed position after
a predetermined time has elapsed. In other cases, a trainman proceeds to the
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Fig, 23,
Diagram of Automatic Interlocking Layout.




crossing and opens a switchwhich disconnects the signal control system placing
all signals at Stop, and then advances the train over the crossing in uccordance
with established rules.

Automatic recorders for making a permanent record of train. movements are
usually provided at automatic interlockings, with the necessary number of
pens to record track occupancy by trains, signal performance, etc.

FE

Switch Machines

Switch machines for relay interlockings are essentially the same as used in
other types of interlocking except that they are always relay controlled. As
in interlockings, these are switch-and-lock movements. Switch machines for
remote interlocking may be equipped with a dual-control arrangement so that
trainmen can operate the switch readily by hand. Older style switch machines
are covered in detail in Chapter XIX—Electric Interlocking. Improved de-
signs of these machines are described here briefly.

One series of electric switch machines, designated Models 5E, 5F, 5G and
5H, illustrated in Figs. 24-28, are designed for relay control. The Models 5E
and 5F use external control and overload relays; the Models 5G and 5H each
have a built-in biased-neutral controller, and the Models 5F and 5H are
equipped with a dual-control mechanism. The machines have a magnetic
detent to hold the motor armature against drifting from vibration. A moisture-
repellent cover surrounds the motor commutator to keep off moisture and to
prevent frost accumulation. Heavy duty, knife-edged point detector contacts
provide more positive electrical contact despite possible frost conditions,

The M series of switch machines is now represented by the Styles M-3,
M-23A and M-23B. See Figs. 29, 30 and 31. They are all designed for relay
control. The differences in design from przvious styles lie principally in de-
tails of gearing and in the point detector feature of the circuit controller. The
M-23A and M-23B dual-control machines are distinguished by the new ar-
rangement of the selector and hand-throw levers which are now on a common
axis. This simplifies the change from left hand to right hand and vice versa.
The M-23A machine when hand-operated will move the switch points and
lock up if the switch is in alignment. The M-23B machine does not lock up
when hand-operated.
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Interlocking Circuits

At the back of this chapter will be found typical circuits for relay inter-

locking: namely,

Typical Remote Centrol Switch and Signal Circuits, Direct Wire Con-
trol—AAR Sig. Sec. 8030A (2 sheets), 8031A (2 sheets) .

Typical Circuits Remote Control Switch and Color Light Signals, Code
Control—AAR Sig. Sec. 8058A (2 sheets), 8027A (6 sheets)

Typical Remote Control Relay Type Interlocking Circuits—AAR Sig.
Sec. 8036A (3 sheets)

Typical Relay Type Interlocking Circuits, Local Control—AAR Sig. Sec.
8071A (7 sheets)

Typical Relay Type Interlocking Circuits—AAR Sig. Sec. 8010A (4
sheets), 8025A (6 sheets), 8043A (4 sheets), 8055A (4 sheets), 8056A
(4 sheets).

Typical Circuits for Automatic Interlocking—AAR Sig. Sec. 8070B (2
sheets)

Typical Relay Interlocking Circuits for Movable Bridge—AAR Sig. Sec.
8034A (2 sheets)

The following descriptions* are given to enable the student to more readily
understand circuits of a similar nature, the details of which, however, will
differ somewhat, depending on the practice of the individual railroad.

AAR Sig. Sec. 8030A and 8031A.

Two schemes of control are shown, both being arranged to provide for the
remote control and indication of a layout consisting of a single switch and asso-
ciated signals, such as the end of a passing siding. Both Schemes 1 and 2 are
direct wire schemes, using a split battery with three line wires and common for
basic controls and indications, Scheme 2 requires an additional line wire for
approach indication.

The major difference between the two schemes is in principle of operation.
Scheme 1 requires that the operator wait until the switch in the field is in
correspondence with the switch lever before turning the signal lever. Scheme
2 does not require switch machine to be in correspondence with switch lever
before signal lever is turned. In either scheme the subsequent operation of
the switch lever will not affect the signal control once it has been established,
even though the signal itself has not yet cleared.

Both schemes prevent the storage of switch control. In Scheme 1 it is pro-
vided in the field on relay 3LSR. In Scheme 2 it is accomplished in the control
office through the polar contacts on relay 3CWR and the stick contacts on
relay 3LKR.

In Scheme 1 the lock relays are de-energized when the signal clears, no pro-
vision being made for preliminary drop and check of these relays. In Scheme
2 the lock relays are de-energized when the signal lever is positioned and are
checked in the de-energized position in the signal control circuit.

Scheme 1 does not provide for a continuous visual indication of the locked
condition of a switch, but an audible and visual indication of the expiration of
time locking is provided by a flash of light 3TK and a tap on gong 3TH
Scheme 2 provides a continuous visual indication of switch locking,

The methods of providing switch and signal indication shown are different
for the two schemes, Scheme 1 being a normally lighted panel and Scheme 2

«, * Descriptions appear in order shown above, but the typical circuits at the
back of the chapter are in numerical order.

‘
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k?h‘aving a normally dark panel. In so far as these local circuits are concerned,
. the two principles are interchangeable for either scheme.

In Scheme 2 contacts of 3WEKR and 3CWR in 3TEK circuit prevent track
. indication during operation of the switch, and contact of 3LK12 prevents track
indication 'when switch is operated by hand. '

In Scheme 2, 3WK is a switch correspondence light. Itis lighted under the
following conditions: (a) when switch lever and switch machine do not agree
in position; (b) when switch is in transit; (c) when the switch is operated by
hand, this being obtained by front contact of the 3LKR and a back contact of
the 3WTER; and (d) when operator changes switch lever position after route
has been establighed.

With Scheme 1, the signal “clear” indication on the panel is removed and
the signal “stop” indication displayed when the signal lever is restored to
normal. With Scheme 2, the signal “clear” indication is retained on the panel
until the signal in the field goes to Stop.

Scheme 1 provides a means for combining one approach indication with the
detector track indication, but this approach indication will be displayed when-
ever the detector track is occupied.

AAR Sig. Sec. 80584.

This is a coded remote control system with the functions individually con-
trolled, single switch layout, track signaled in both directions.

A relay designated as HSR is provided at the field location which is equiva-
lent to a signal lever repeater at an attended interlocking. These HSR relays
are energized by a pulse received from the field code unit after a signal lever is
operated by the control operator. Once the HSR relay picks up, it is provided
with a holding circuit that may only be released when the interlocking track
circuit is de-energized or the signal lever is moved to another position. This
feature prevents storage of a signal control with a train within the interlocking
Limits and also cancels the established route when a train passes through the
interlocking.

The NWSR and RWSR relays are used to control the position of the power-
operated switch, and also used in the control of the switch correspondence
relay, which checks that the switch control and switch machine are in corre-
spondence before a signal may be cleared. The NWSR and RWSR relays are
energized by a code pulse received from the field code unit, providing lock
relay LR is energized. This feature prevents storage of the switch control.
Once the NWSR or RWSR relays are energized the holding circuit retains the
relay energized until the switch lever is operated in the opposite position, pro-
viding the lock relay is energized. The switch control in this scheme is so ar-
ranged that if the interlocking track circuit is de-energized while the switch
is in transit, the machine will stop operating.

The use of relay 4HSPR provides a check that a route is available before
de-energizing the approach stick relay which is included in the signal control
to provide a check that the approach locking is in effect before allowing a signal
to clear.

The signal control network checks switch correspondence relay energized,
the switch locking relay de-energized, also that the opposing approach locking
relay is energized.

Two-track approach locking release is provided for through train movements
on the main track.

The following conditions are indicated from the field: switches in the normal
or reverse position, signals clear, signals at stop, or time relay functioning
approach, and interlocking track circuits.
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AAR Sig. Sec. 8027A.

The circuits shown provide for track signaled in both directions, using three
wire control. The circuit arrangement at the top of Sheet 1 uses retained
neutral polar relay. The circuit at the bottom of the sheet uses the ordinary
-polar line control relay, with slow drop-away repeater relay. - -~ . -

Two types of directional stick relay control are shown. One scheme pro—
vides for single-track circuit pre-pick-up, while an alternate scheme provides
for two-track pick-up. With the two-track circuit pick-up, the stick relay will
not pick up when the train passes the cut-section to the rear, but can only be
energized at the time of passing the signal location. The two-track pick-up
scheme prevents picking a stick if a hand-throw switch, located in the approach
track, shunts the track in lieu of opening and shunting the line circuit when
reversed, also where signals are staggered and a single-track circuit is used
between signals.

When the single-track circuit in the approach of the signal is used to pre-
pick the stick relay, the opposing stick should be checked in the de-energized
position. The stick relay must have sufficient slow release time to avoid the
loss of the directional stick relay when a short high-speed train passes the
signal, allowing the approach track relay to pick up before the HDR relay is
de-energized. The use of a slugged slow release relay in lieu of a condenser to
provide this slow release avoids the possibility of failing to pick the proper
stick relay due to a condenser failure; this is very essential whenever the pre-
picked stick circuit is used with color light signals.

The opposing stick relay may be checked in either the relay circuit for the
signal in the opposite direction or in the feed circuit for the opposing signal to
the rear. If the former arrangement is used, the opposing signal will not clear
in the rear of a train movement. This arrangement is generally used on rail-
roads where the rule which prohibits a reversal of direction of train movement,
is in effect.

AAR Sig. Sec. 8036A.

These circuits have been designed to control switches and signals by unit
type levers that are not mechanically interlocked. Relays are used to provide
the equivalent protection usually provided by mechanical and electric locking
of levers.

The route check network in the machine, shown on Sheet 1, provides a check
that the route is lined in the field and indicated into the office before the signal
control relay is allowed to pick up in the field. A relay is provided for each
signal lever and designated HSR, which is energized when signal lever is
turned, providing the route is lined. Each HSR relay is provided with a hold-
ing circuit that may only be released by restoring the signal lever affected to
the normal position. A slow release relay, designated NLPR, which repeats
the normal position of the signal lever, is provided to prevent storage of the
signal control until a route is established; also, to prevent the storage for the
control of a signal if the signal luver controlling an opposing signal has been
operated.

The signal control network shown on Sheet 2 consists of circuits for direct
control of searchlight signals. This network checks the switch correspondence
relays energized, switch locking relays de-energized, and the opposing approach
locking relays energized. Restricting signals are controlled through the first
track section only. When a call-on aspect is desired on signal 2R or 6L for a
following move into an occupied block, a call-on button is pushed, which
energizes relay CO, which in turn energizes the relay COS. The call-on push
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button, being of the spring return type, a stick circuit is provided for relay COS.

The switch control relays designated WR are controlled by switch lever in
series with switch agreement relay WLPR. With this arrangement, if the
switch lever is moved when its locking relay is de-energized, relay WR and
" switch agreément'relay WLPR' will not pick up until the switch lever has been
restored to its initial position to agree with the position of the switch. This
prevents storage of switch control.

Circuits are arranged to provide two separate indications on a single wire by
the use of a full-wave rectifier in the office and a split battery in the field to pole
change the control. With this circuit arrangement, both indications can also
be brought in simultaneously by alternately coding the polarity of the control
circuit through contacts of a 120 code transmitter.

Route locking stick rel;;ys provide switch locking as a signal is being cleared
over a route. This provides sectional release locking of switches as train pro-
ceeds through the interlocking.

AAR Sig. Sec. 8071A.

This is a local control system with the route selecting buttons located in the
track diagram. The signals are semi-automatic stick or non-stick with the
restricting signal not track circuit controlled. Indication is provided by a
combination of lights and movable indicators.

An entrance and exit button is operated in sequence to set up a route and
clear the signal. Each entrance button is physically represented in the field
by a wayside signal. A stationary arrow in the middle of the button indicates
the direction in which the signal governs. The exit button is a spring return
type with an arrow engraved on its face to show the direction in which the
train leaves the route. The entrance button is arranged to push, pull, turn
clockwise or turn counter-clockwise. When a route is set up by pushing the
entrance and exit buttons the passage of the first train causes the signal to
display a Stop aspect and cancels the route selection network. This route may
be cancelled in advance of a train movement by pulling the entrance button.
Conventional route locking circuit with approach or time locking will determine
release of the route. When a route is set up by turning the entrance button up
and pushing the exit button the route is held for a succession of trains. This
route may be cancelled by turning the entrance button to center. Restricting
signals are displayed by turning the entrance button down and pushing the
exit button. This route may also be cancelled by turning the entrance button
to center.

A route initiated by pushing the entrance button or by turning the entrance
button up will be indicated by a steady red light in the entrance button. Clear-
ing of the signal will be indicated by a steady green light in the entrance button.
A flashing red light in the entrance button indicates that a route has been
initiated by turning the entrance button down, also if the button is manually
restored to normal before train accepts signal and time locking is in effect. A
flashing green light in the entrance button will indicate that a slow speed signal
has been displayed.

A route called for is shown on the diay-am by movable route indicators.
The route locked up is indicated by the illurnination of lock lights located at
the points of the movable route indicators. Switch correspondence lights,
located below the test key for its respective switch, when lighted indicates the
switch is out-of-correspondence with the position called for by the route. The
light will remain lighted while the switch is in transit. Track occupancy is
indicated by the illumination of track occupancy lights located in its respective
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track section on the diagram. Test keys are located on the control panel en-
abling its respective switch or crossover to be operated individually. They are
not used generally in regular operation. The handle of the test key moves in a
vertical plane in three positions. The center position is the inoperative po-
sition; the downward position calls for its respective switch normal; and the
upward position calls for ‘the switch reverse. Test keys are normally left in the
center position. A switch cannot be operated by the test key if it is locked by
an established route. Likewise, if a switch is operated to a given position by
its test key, a route can be given only over that position of the switch. Run
around moves over switches 1 and 5 reverse, also switches 5 and 7 reverse, 18
prevented except by test key operation.

The function of the initiation circuits, one network for each direction is one
of exploration, sending out branches to determine the available exit points.
These circuits are shown on Sheet 1. To initiate a route from signal 14 to
signal 4, the following is the sequence of operation: the operator pushes en-
trance button 14, which energizes signal lever relay 14GLPR over an N con-
tact, closed when the button is pushed, and a front contact of 7TR. The front
contact of 7TR provides for making the signal stick. Relay 14GLPR is stuck
up by an N contact on 14 button. This route may be cancelled in advance of a
train movement by pulling 14 entrance button. A steady red light is illumin-
ated in 14 button over front contacts of 14GLPR, 14ASR and 14RGPR, as
shown on Sheet 7. Operator now pushes exit button 4 and the circuit to exit
relay 4XR is completed over an N contact of 14 entrance button, front contacts
14GLPR, 7TR, 14GLPR and back contacts, 14XR, 7RR, 7AYR, 5RR, 3IRR,
1RR and 1AYR. A back contact of 4XR prevents an eastward initiation cir-
cuit from signal 4. Thus the operation of 4 entrance button will not disturb
the route initiated.

In the completion networks as shown on Sheet 2, the front contact of 4XR
closes the westward completion network from signal 4. Relay 1ANR is en-
ergized by a front contact of 4XR and a back contact of 1AYR. Relay 1ANR
has three independent windings and its function is to call for switch 1 normal.
A front contact of 1ANR connects battery to one of the windings of switch
operating relay INWZR over front contacts of 1LR and 5LR, as shown on
Sheet 6. If switch 1 is reverse it is operated to normal position. Negative
energy NL is connected to 1 movable route indicator by a front contact of
1NWZR and a back contact of IRWZR, as shown on Sheet 7, and the indicator
snaps into position called for by the route. Switch lock light 1ALE is illumin-
ated by front contacts of 1ANR and 1LR. Ifthe switch operates from reverse
to normal, switch out-of-correspondence light 1WE is lighted by back contacts

of INWCR and 1RWCR, also shown on Sheet 7. The procedure for control-
ling movable route indicators, lock, and out-of-correspondence lights, and
operating the switch machine as described for switch 1, is similar for all
switches. Referring again to the westward completion network it will be noted
that battery is now connected to one coil of 3NR over a front contact of 4R
and a back contact of 1AYR and front contacts of 1ANR and INWZR.
Battery is relayed to SANR by front contacts of 3NR and 3NWZR and in a
similar manner to 7ANR by front contacts of SANR and 4NWZR and a back
contact of TAYR. From this point, battery is connected to relay 14GZR by
front contacts of TANR and TNWZR. Referring again to the westward in-
itiation network, it will be observed that a back contact of 1ANR has opened
the control to 1AYR, a back contact of 3NR has opened the control to 6XR,
a back contact of SANR has released SBYR and a back contact of 7TANR has
opened the control to TAYR. Back contacts of these same relays performed
similar function in the eastward initiation network thus preventing the initi-
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ation of any route over crossovers 1, 5 and 7 and turnout 3 in the reverse
position.

In the signal control network, Sheet 3, a front contact of 14GZR has closed
the circuit to 14AHR and a back contact has opened the control for any east-
ward signal to signal 14. However, signal 14 will not clear until all switches
i the route which ‘are not normal have moved-into that position as cdlled for
by the route. This condition is represented by normal switch correspondence
relays INWCR, SNWCR, SNWCR and TNWCR. It is also necessary to check
that all switches in the route are electrically locked. This condition is repre-
sented by back contacts of switch locking stick relays 1LSR, 3LSR, 5LSR and
7LSR. Releasing of switch locking stick relays is accomplished by switch
locking circuits as shown on Sheet 4. Referring specifically to the 1LSR cir-
cuit, it can be seen that a front contact of 1LR will open the control, unless
by-passed by the stick circuit which includes back contacts of INWCR and
1IRWCR. This insures that 1LSR will not be released while the switch is in
transit. Since turnout 3 and crossover 5 are normal, relay 1LR is releaséd by
opening of a back contact of 3WGZLR in its control. Relay 3WGZLR is a
preliminary switch locking relay, as shown on Sheet 4, and in this instance
is energized by a front contact of 14GZR.

The releasing of relays 3LSR, 5LSR and 7LSR is brought about in a some-
what similar manner and completes the circuit to signal control relay 14AHR,
as shown on Sheet 3. A back contact of 14AHR releases approach locking
relay 14ASR, shown on Sheet 4. A front contact of 14ASR opens the control
for westward route locking relay 7WSR, which in turn releages 3WSR. The
release of 14ASR also completes the circuit to signal mechanism 14AG (see
Sheet 3), and signal 14 clears releasing signal repeating relay 14RGPR (see
Sheet 5). It can be seen on Sheet 7, that the release of 14RGPR extinguishes
the steady red light in 14 entrance button and lights the steady green.

For a restricting signal for the route previously described or to a diverging
route, relay 14GLPR remazins de-energized, as can be seen by referring to Sheet
1. Toinitiate a route from signal 14 to signal 2, the operator turns the entrance
button down. This picks up relay 5BYR with negative energy of contact R
on 14 entrance button and back contacts of 14GLPR, 14XR, TRR, TAYR,
58BMR and 5ANR. A front contact of SBYR relays energy to 2XR over a
back contact of 1IRR. It can be seen by referring to Sheet 7, that flashing red
light will be illuminated in 14 entrance button by conducting interrupted
energy to the filament by an R contact on 14, a back contact of 14GLPR and
front contacts of 14ASR and 14RGPR. When the gignal clears and 14RGPR
releases, the flashing red will be changed to flashing green. In the completion
network, relay 1BINR is energized by a front contact of 2XR. This in turn
picks up relay 5RR over a front contact of IBNR, INWZR and SBYR. Relay
S5RWZR is then energized by front contacts of 3RR, 3LR, 8ASR and 5LR,
which operates switch 5 to the reverse position. In the westward completion
network, energy is relayed to 7ANR over front contacts of SRR and SRWZR
and a back contact of 7TAYR. From this point signal clearing action is similar
te that previously described.

Automatic route selection is provided. For example, the preferred route
from signal 12 to signal 4 is over medium speed crossover 1 and the route
would be selected as follows: operator turns entrance button 12 down and
negative energy is conducted to the coil of 1AYR over an R contact of 12
entrance button, back contacts 12XR, 9RR, relay 9YR picks up, front con-
tacts OYR, backs, 7RR, 8X KR, ABXR, BXR picks up, front 8%R, backs SRR,
SBYR, IBNR, 1ANR, relay 1AYR picks up, front IAYR and 4XR picks up
when 4 exit button is pushed. However, if a route previously had been cleared
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from signal 2 to intermediate signal 8, switch 1 would be locked normal and a
back contact of A8XR opened the circuit for the preferred route. The second-
ary route would automatically be selected over crossover 7 reverse as follows:
negative energy over R contact on 12 entrance button, back 12XR, back 9IRR,
relay 9YR picks up, front 9YR, back 7BNR, back 7ANR, relay 7AYR plcks
up, front 7AYR, back 5RR, back 3RR, back IRR and back 1AYR.

End-to-end, or through routing, arranges for clearing of signals 2 and 8 with-
out the use of intermediate push buttons. This is accomplished by the oper-
ator pushing entrance button at sighal 2 which initiates the route by energizing
relay 2GLPR. A front 2GLPR relays energy to 1BYR over back 2XR, back
1RR and relay 1BYR picks up and over its front relays energy to 8XKR over
back 5RR, back 8XR, front 5LR, back A8XR, back 8GZR, back 8GLPR,
relay 8XKR picks up. A front contact of 8XKR closes the circuit to 7TBYR
over an N contact on 8 entrance button, front 9TR, front 8XKR, back ABXR,
back 8XR, back 7RR and relay 7BYR picks up and completes circuit to 12XR
when exit button is operated. In the eastward completion network, energy
over a front contact of 12XR picks up relay 9NR and its front contact closes
circuit to 7BNR over front 9INWZR, front 7BYR and 7BNR picks up, front
7BNR relays energy to 8GLPR over front 7NWZR and front 8XKR and relay
8GLPR picks up. Referring again to the eastward initiation network a front
contact of 8GLPR closes the circuit to ABXR which picks up and releases slow
release relay 8XKR. In the completion network, release of 8XKR closes the
circuit to 8GZR. Closing of a front contact A8XR picks up 5BNR which
relays energy to IBNR over front SNWZR and back 1BYR, relay 1BNR picks
up and closes circuit to 2GZR. In the signal control network, picking up of
2GZR and 8GZR will clear both signals.

Special switch locking is provided to prevent the clearing of signal 8 unless
crossover 5 is normal. Also the clearing of signal 8 locks 5 in the normal po-
sition by including a front contact of 8ASR in the control of SNWZR and
SRWZR, as shown on Sheet 6. To indicate that the switch is locked, a de-
pendent contact of BASR is in the SBLE lamp circuit, as shown on Sheet 7.

AAR Sig. Sec. 8010A.

These circuits have been designed to control switches and signals by levers
that are not mechanically interlocked and are not provided with electric locks
or other mechanical means to restrict their movements. The use of relays
provides the equivalent protection usually provided by mechanical and electric
locking of levers.

The route check network shown on Sheet 1 provides a preliminary route
check before a signal may be cleared, insuring that switch levers are in the
proper positions to assure a complete route for the signal to be cleared; also
that switches in the route correspond in position to levers controlling them,
that opposing signal levers are not in a position to clear opposing signals and
that opposing signals are in the stop position. A relay is provided for each
signal lever in the route check circuits, that must pick up before circuit is com-
pleted to clear signal. These relays are designated HSR, and each is provided
with a holding circuit that may only be released by restoring the lever of signal
affected to the normal position, or by a train passing the signal and shunting
the track relay. This prevents changing a cleared signal to “Stop’’ indication
should an operator inadvertently move a switch lever in route or the opposing
signal lever. Slow release relays designated NLPR, on Sheet 1, which repeat
the normal position of the signal levers are provided to prevent the storage for
the control of a signal until a route is established; also to prevent the storage
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for the control of a signal if the signal lever controlling an opposing signal has
 been operated.

The signal control network shown on Sheet 2 consists of circuits for direct
control of searchlight signals while the network shown on Sheet 3 consists of
. circuits for .control of relays for color light signals. - Botk networks check all
the switch repeating relays in the route energized, the switch locking and
approach locking relays de-energized, also that the opposing approach locking
relay is energized. Restricting signals are controlled through first track section
only. When a call-on aspect is desired, on signals 2 and 6, for a following move
into an occupied block, the call-on button is pushed, which momentarily
energizes the NLPR, thus re-energizing the HSR, and energizing the COSR.

The switch locking relays designated LSR shown on Sheet 4 are controlled
by track relays, route locking relays and approach locking relays. The ap-
proach locking relays lock switches as soon as route has been established and

HSR relay has picked up. The common side of the circuit for each switch

locking relay is selected over its own front contact and in multiple are agree-
‘ment circuits, a normal polar contact of switch repeater relay and normal
switch lever contact and a reverse polar contact of switch repeater relay and
reverse switch lever contact. With this arrangement, if a switch lever is moved
when its locking relay is de-energized, the relay will not pick up until switch
lever has been restored to its initial position to agree with the position of switch
which completes pick-up circuit of switch locking relay. This prevents the
storage of switch control when the switch is locked.

Circuits that are not entirely in operating tower are double wire double
break, except signal repeating relay circuits.

AAR Sig. Sec. 80254.

This is a local control system with the route selecting push buttons in the
track diagram, line-of-light indication, semi-automatic stick signals, with the
restricting signals not track circuit controlled.

Two push buttons operated in sequence set up a route and clear the signals.
After operation of the first route button, a red light appears at that button
thereby marking the entrance to the route and indicating that a route has been
initiated, but the signal has not yet cleared, also a white light appears in the
last track section of each available route showing points to which a train may
be routed. The operation of the second route button (at one of the designated
illuminated sections) completes the route selection and extinguishes the lights
marking other possible destinations. After the second button has been pushed
a flashing red light appears at each switch which is not in position for the route,
indicating that switch is in transit. When no flashing red lights appear, all
switches are in proper position. Upon completion of the route a white line-of-
light indicates that the route is set up and that it is locked. Following com-
pletion of the route the signal will clear, and this will be indicated by a green
light at the route button at the same time the red light is extinguished. At-
tempting to set up a conflicting route cannot disturb a route once established.
An occupied route may be reestablished for a call-on move by again operating
the first and second route buttons. Call-on control is effected by the operation
of a call-on button after the route is completed. Through-route control is
provided by the operation of two buttons, one button at the entrance end and
the second at the exit end of the route. A route to an intermediate signal in
the through-route may be set up by the operation of a button at the entrance
and the second button at the intermediate signal. Automatic release of the
route is provided in the rear of the train. Means is provided for non-stick
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control. Also means is provided for manual cancellation of a route. Auto-
“matic selection of alternate routes is effected under normal operation with
provisions for manual selection.

The route selection circuits are shown on Sheet 1. ‘To initiate a route from
signal 14 to signal 4, the following is the sequence of operation: the operator
pushes route coritrol button 14 which picks up route selecting relay 7JANWR
by the circuit which includes a push button contact of button 14, 5 back con-
tact of 7ANER, a back contact of 14XS8R, coil of relay JANWR, and back
contacts of 7TRWKR and TRWR. The 7ANER relay is used to transfer the
circuit when 14 is used as an exit button. Relay 14XSR selects the entrance
and exit pick-up circuits. The circuit is selected over the back contact of
7RWR which checks that no route has been selected over 7 reverse. The back
contact of 7TRWKR is used to prevent the selection of any route over crossover
7 normal while crossover 7 is locked in the reverse position. Relay 7ANWR
sticks over a front contact of 7 track relay, to provide automatic restoration,
a pull contact of 14 is used for manual restoration.

The energizing of 7TANWR conaects battery to the coil of relays 5SANWR
and SRWR. The negative side of SANWR includes back contacts of 5SRER
and SRWKR, The back contact of 5RER checks that no route has been se-
lected eastward which may include crossover 5 reverse. The negative side of
5RWR includes back contacts of SANER, SBNWR and SNWKR. The back
contact of 5ANER opens the circuit if a route has been selected eastward on
the upper track over 5 normal and the back contact of SBNWR opens the cir-
cuit if a route has been selected westward on the lower track over 5 normal.
The back contacts of SNWKR and SRWKR prevent the selection of con-
flicting routes when crossover 5 is locked.

The energizing of SANWR connects battery to the coils of 3RWR and
3NWR. The negative side of these relays includes checks similar to those
described for crossover 5 above. Relay 3RWR up prepares the pick-up circuit
for relay 6XSR in case button 6 is to be used as an exit. Relay 3NWR up,
picks up the IANWR which includes the usual checks in the negative side.
Energizing 1ANWR prepares the pick-up circuit for relay 4XSR when button
4 is pushed. Relay SRWR connects battery to the coil of IBNWR which pre-
pares the pick-up of relay 2X SR in case button 2 is to be used as an exit.

Referring to Sheet 2, it can be seen that with relays 3RWR, 1ANWR and
1IBNWR up, the white light in sections 3K, 1K and 5K are lighted indicating
the available exits. The energizing of 7TANWR when the route was initiated,
illuminated the red light at the entrance signal button.

To complete the route 14 to 4, the operator pushes button 4 which picks up
4¥ SR over the back contacts of IRER and 1ANER, and front contacts of
4ASR and FR if traffic control is provided. 1RER and 1ANER prevents
energizing relay 4XSR when an entrance has been established at 4. 4ASR
prevents completing a route at 4 if approach locking is in effect and the FR
contact is used to check that traffic is properly established. Relay 4XSR sticks
over front contacts of LANWR, 1IRWR and 1ANER or IRER. Thisisto open
the circuit when the route is cancelled by pulling button 14. Contacts in
1ANER and 1RER hold 4XSR up until relays IANWR and 1RWR open,
thereby preventing 1ANER and 1RER from sticking up over 4XSR down.

The picking up of relay 4XSR energizes relay 1ANER which opens the
negative side of IRWR and 1RER; 1ANER up picks the 3NER which drops
relay 3RWR. 3NER up picks the SANER which opensrelay SRWR. S5ANER
up picks relay 7JANER which completes the route and at the same time all
relays not involved in the route are released. Lights in sections 1X and 5K
are extinguished. Section 7KB is illuminated when relay TANER is energized.
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Referring to Sheet 6, it can be seen that the ANER and ANWR relays up
will energize the NLPR relays for the switches involved which in turn pick the
NWSR relays if the switches are unlocked. The MWSR relays energized,
operate switches to their normal position. The NWEKR relays which pick up
when the switch completes. its movement, energize relgy ;4RR (Sheet 3).

Energizing 14RR drops relay 14ASR causing route Iockmg relays 1WSR;
3WSR and 7WSR (Sheet 5) to drop and the route indication relays 1SPR,
3SPR, and 7SPR to pick up. The energizing of the NWEKR and SPR relays
will complete the line-of-light indication on the controel panel.

Sheet 3 shows the clearing circuit for 14AG. When signal 14 clears, relay
14RGPR drops which extinguishes the red light and illuminates the green light
at the entrance button 14.

On Sheet 1, route 4 to 12 is an example of a through-route selection. Two
routes are provided, one over 1 reverse and the other over 1 normal and 7
reverse. The route over 1 reverse is the preferred route and is the route
normally selected. However, with a train being held by signal 8, the route
over 7 reverse would be automatically selected. The operation of route button
4 and the route selecting relays are as previously described. The 8¥R relay
is controlled through the front contacts of SBNER, 5TPR, 10-12ASR by-
passed with a front contact of 7RWCR and through back contacts of 7TBNWER,
8XSR, 8PBSR. 5TPR prevents clearing of signal 8 with a train occupying
the section approaching 8 when route buttons 4 to 12 are pushed. 10-12ASR
by-passed with TRWCR prevents picking the 8XR and 83SR if time locking
is in effect for signals 10 and 12. The back contact of 7BNWR is used to pre-
vent picking up relays 8XR and 8XSR if buttons 10 or 12 have been pushed
as an entrance. Front contacts of 8 R and 8XSR are used to by-pass TBNWR
to prevent relays 8XR and 8XSR from becoming de-energized as a result of
completing a route from 8 to 12 or 8 to 10 at which time 7BNWR is up. 8XR
up picks 7BNER which in turn picks the 9INER converting button 12 into an
exit. No through route is provided over 9 reverse. The route is then completed
by pushing button 12. With the front contacts of relays 7TBNWR and 8¥XR
closed and 8PBSR down, relay 8ZSR is energized. 8ZSR picking up picks the
83 SR which in turn picks up 8PBSR which cancels 8XR and 8ZSR. 8XSR
is held up over 5SBNER and 8PBSR is held up over 9TPR.

To illustrate the selection of a secondary route, assume that a train is moving
from signal 2 to signal 8. Relay INWKR would then be up preventing IRER
from picking when button 4 is pushed to initiate the route. The route se-
lection would then be completed over 7 reverse. With no train occupying
section 2 to 8 this alternate route is cancelled when 7BNER picks resulting
in the cancelling of the 7RER relay.

Should it be desirable to provide run-around movements over crossovers i
and 5 reverse or 5 and 7 reverse, the switch control of the second crossover in
the route should be manually operated to the reverse position to control the
route selection circuit. For example, if movements are provided eastward
over crossovers 1 and 5 reverse, a reverse contact on lever 5 in series with a
front contact of relay 1RER would be in the control for SRER.

On Sheet 6 a scheme is shown for cascading the control of switch motor cir-
cuits, the purpose of which is to introduce a time element between the starting
of successive switch operations in order to limit the flow of current in the d.c.
mains, otherwise any number of switch motors could be energized simultane-
ously. This feature is obtained by using slow pick-up relays designated WZR.
The circuits are so arranged that these relays are operated in proper sequence.
Front contacts of this relay are placed in the switch control circuits,
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AAR Sig. Sec. 8043A.

This is a local control system with the functions individually controlled with
signal levers in the track diagram, semi-automatic stick signals, with the re-
stricting signals not track circuit controlled.

The signal levers are the push-pull-turn type, while. the switch levers are
toggle type. ‘ T ‘ ‘ ' o o

The route check network on Sheet 1 provides a preliminary route check
before a signal may be cleared, insuring that switch levers and switch call
relays CWR are in proper positions to assure a complete route for signal to be
cleared; also that opposing signal levers are not in a position to clear opposing
signals. A relay designated HSR is provided for each signal, in the route check
network, that must pick up before circuit is completed to clear signal unless a
move is to be made into an occupied block from signals 4 and 10 in which case
the call-on stick relay COSR is used.

To energize the HSR for signals 2, 6, 8, 12 and 14, a signal lever is turned.
Once the HSR picks up it is provided with a holding circuit that may only be
released by restoring signal lever to normal position.

The HSR for signals 4 and 10 is energized by pushing the signal lever if the
first track circuit in advance of the signal is unoccupied; these are provided
with a holding circuit that will be released by pulling the signal lever, or by a
train passing the signal.

Signals 4 and 10 are provided with a call-on aspect for clearing a restricting
signal into an occupied block. In this case, a call-on stick relay COSR is
energized when the signal lever is turned. When energized, the COSR ig held
up through one of its front contacts, and it will not become de-energized until
the signal lever is returned to its normal position.

The signal control network shown on Sheet 2 consists of circuits for control
of relays for color light signals. This network checks all switch correspondence
relays in route energized, the switch locking relays de-energized, also that
opposing approach locking relay is energized.

The approach and time locking circuits are shown on Sheet 3. Signals 6, 8,
12 and 14 have time locking only without automatic release. Signals 4 and 10
have approach locking with automatic release. Signal 2 has time locking
only with automatic release.

The switch control and indication circuits are shown on Sheet 3. If the lock
relay is energized and the switch lever is moved, switch relay WR and switch
call relay CWR are energized in the opposite direction and their contacts move
to the other position. This causes NWCR or RWCR to be de-energized be-
cause the switch lever is out of correspondence with switch position. This
- causes the LSR to pick up and apply power to the switch to bring the switch
position into correspondence with the switch lever. Then, RWCR or NWCR
will be energized depending on switch position and switch lever position. This,
in turn, causes LSR to be de-energized and removes power from the switch
machine.

Storage of switch control is prevented. It is accomplished in the control of
the WR relay through the contacts of relays CWR and LPR.

The switch locking circuits are shown on Sheet 4 and are controlled by track
relays, route locking relays, approach locking relays, relay COS and relays
HSR. The HSR and COSR contacts are added to the switch locking relays
to provide preliminary locking which de-energizes the relays to complete signal
control circuits and also prevent a misroute by the movement of a switch lever
after a route is established before signal is cleared.

The lock stick circuits insure that switch will complete its movement after
the lock relay is de-energized by pick-up of relay HSR or the relays COS.

36




The control panel and indication circuits are shown on Sheet 4. The route
lined up is shown by movable point indicators which snap into the position
called for when the switch lever is operated. The route locked up is shown by
the illumination of the lock lights located above the switch levers.

‘Signal levers are provxded with two indication lamps in the barrel of the
lever. A red light indicates that relay HSR or COSR is energized, calling for
the signal. A white light indicates that the signal is clear.

AAR Sig. Sec. 8055A.

This is a coded remote control system with the functions individually con-
trolled. The signals are semi-automatic stick with the restricting signals con-
trolled through the first track section only.

Route check network circuits are not provided in the control machine. Field
circuits prevent storage of switch control. Storage of signal control is per-
mitted. Indication circuits indicate track occupancy, switch position, signal
clear, signal stop, and signal in time.

A ““call-on” function is provided for high signal movements when the inter-
locking section is unoccupied and the advance section occupied. The “call”
function is also required for movements against normal traffic.

If trains are blocked at this remote location additional circuits are required.

Switches are controlled by polar switch relays. Switch position and cor-
respondence with control relay is provided by neutral relays. Route locking
with sectional release of switches is provided. Approach locking is arranged
for high signals only.

Signal and switch operation begins with the function control relays shown
on Sheet 4. Switch function relays 1WSR, 3WSR, 5WSR and 7TWSR are
polar stick and remain in the last coded position until a code impulse is re-
ceived to pole the relay to the opposite position.

The signal function relays 2RHSR, 2LHSR, 6RHSR and 6LHSR operate
in a similar manner except that one coil is used to reset the relay to normal
position after each train movement. This is accomplished by energy over its
own polar reverse contact and an impulse from aback contact of thetrack relay
and a front contact of the slow-releasing track repeater relay., Operation of
“call-on” function relays 2COR and 6COR is similar to signal function relays.

Indication code starting circuits provide for initiation of a code and con-
tacts in the indication circuits determine the character of the code. These
circuits are also shown on Sheet 4.

The route check network shown on Sheet 2 is a non-stick neutral circuit and
checks that switches are in position and in correspondence with control relays,
that track circuits in the route are unoccupied and that opposing signals are
at stop and not in time. For example, on Sheet 3, a back contact of the route
check relay 2RHSPR would open the control for approach and time locking
relay 2RASR. A front contact of 2RASR would open the control for switch
locking relay 3-5LR. Back contacts of switch locking relays also open the
control to switch function relays, Sheet 4. Thus an inadvertent sending of a
code calling for a switch in an opposite position would not interfere with a
previously cleared signal.

AAR Sig. Sec. 8056 A.

These circuits have been designed to control switches and signals by levers
that are not mechanically interlocked and are not provided with electric locks
or other mechanical means to restrict their movements. The use of relays
provides the equivalent protection usually provided by mechanical and electric
locking of levers.
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The route check network shown on Sheet 1 provides a preliminary route
check before a signal may be cleared, insuring that switch levers are in the
proper positions to assure a complete route for the signal to be cleared; also
that switches in the route correspond in position to levers controlling them,
- that opposing and conflicting signal levers are not.in'a position to clear oppos-
ing or conflicting signals and that opposing and conflicting signals are in the
stop position. A relay is provided for each signal lever in the route check cir-
cuits, that must pick up before circuit is completed to clear signal. These
relays are designated HSR, and each is provided with a holding circuit that
may only be released by restoring the lever of signal affected to the normal
position, or by a train passing the signal and shunting the track relay. This
prevents changing a cleared signal to stop indication should an operator in-
advertently move a switch lever in route or the opposing signal lever. Slow
release relays designated NLPR, on Sheet 1, which repeat the normal position
of the signal levers are provided to prevent the storage for the control of a
signal until a route is established; also to prevent the storage for the control
of a signal if the signal lever controlling an opposing signal has been operated.

The signal control network shown on Sheet 2 consists of circuits for direct
control of searchlight signals while the network shown on Sheet 3 consists of
circuits for control of relays for color light signals. Both networks check all
the switch repeating relays and track relays in the route energized, the switch
locking and approach locking relays de-energized, also that the opposing and
conflicting approach locking relays are energized. Restricting signals are con-
¢rolled through first track section only. When a restricting signal is to be
displayed on signals 2, 4 or 6, for a following move into an occupied block, a
push button is pushed, which momentarily energizes the NLPR, thus re-
energizing the HSR, and energizing the COSR.

The route check and signal control network circuits are selected through the
track relays for all conflicting movements.

For movements from signal 8R there is an intermediate signal 4RA which
affects the controls of the above mentioned signal. Relay S8RLPR, shown on
Sheet 1, is used to take care of this condition, eliminating complicated se-
lections in circuits of both networks.

The switch locking relays designated LSR, shown on Sheet 4, are controlled
by track relays, route locking relays and approach locking relays. The ap-
proach locking relays lock switches as soon as route has been established and
HSR relay has picked up. The common side of the circuit for each switch
locking relay is selected over its own front contact and in multiple are agree-
ment circuits, a normal polar contact of switch repeater relay and normal
switch lever contact and a reverse polar contact of switch repeater relay and
reverse switch lever contact. With this arrangement, if a switch lever is
moved when its locking relay is de-energized, the relay will not pick up until
switch lever has been restored to its initial position to agree with the position
of switch which completes pick-up circuit of switch locking relay. This pre-
vents the storage of switch control when the switch is locked.

Circuits that are not entirely in operating tower are double wire, double
break, except signal repeating relay circuits.

AAR Sig. Sec. 8070B.

These circuits are so arranged that the first train entering an approach sec-
tion receives the clear signal. The circuits are also arranged to prevent suc-
cessive trains on one road retaining route when conflicting road cccupies an
approach gection.
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A relay designated as RR is provided for each road. The purpose of this
lay is to provide a preliminary route check before a signal may be cleared,
insuring that the signal controls on the conflicting road are open, and that the
signals for conflicting movements are in the stop posi;ion. . . .

“The signal control circuits are arranged to check that all track circuits within
the inteclocking limits are energized, that its approach locking stick is de-
energized, and that both time element relays are de-energized. .

Directional stick relays are provided to prevent the reverse signal from
automatically clearing after a move has been completed through the inter-
- locking. Directional sticks are made slow release to protect against their
g becoming de-energized by short high-speed train movements.

‘ If a reverse or back-up move is required, the push button associated with
#ts own track must be operated to release the directional stick before reverse
signal will clear for a back-up move.

If it is desired to change an established route, a push button associated with
the conflicting route must be operated. This will de-energize the PBSR and
ASR relays for the conflicting route, which will in turn de-energize the RR
route relay and the signal of the established route. After the predetermined
time interval the time locking will be released, allowing the signal on the con-
flicting route to clear. PBSR push button stick relays are automatically re-
stored by the passage of a train.

Time locking on the established route is provided with two-track release to
protect against release of a route in the event of a momentary shunt of one of
the detector track circuits. Detector track stick relays are also used to provide
additional protection against changing of a route due to momentary loss of
ghunt within the interlocking limits. A momentary shunt of either one of the
detector tracks in front of an approaching train will put signal to stop until
time locking is released by expiration of time interval.

ao

AAR Sig. Sec. 8034A.

These circuits provide for control of signals which are interconnected with
bridge devices by levers that are not mechanically interlocked nor provided
with electric locks or other means to restrict their movements.

Signals are so interlocked with bridge devices that bridge device cannot be
operated unless all signal devices have properly functioned to release the bridge.

Circuits are shown with rails normally locked for rail traffic. The signal
control network shown on Sheet 1 checks that the rails are locked for rail
traffic, that bridge lever is normal and bridge lock relay is de-energized; also,
that the opposing approach locking relay is energized.

Approach locking relays, bridge lock relay and relays which check the po-
: gition of the bridge are shown on Sheet 2.

Circuit controllers 1ENBRI.CC, etc., are not mechanically connected to
rail locks, but are actuated by rail locking devices to close normal contacts
providing a check, in signal circuits, that rails are locked for rail traffic. When
rail locks are withdrawn normal contacts in WNBRLCC, etc., are opened and
reverse contacts are closed by a spring device which forms a part of the circuit
controllers.

Circuit controllers EBCC and WBCC are connected mechanically to bridge
rail locking machinery with contact closed when this machinery is in the rail
Incking position.

Circuits as shown presuppose that the several intermediate operations of
the bridge machinery itself are interlocked with each other, either mechanically
or electrically, to insure proper sequence, and that it is sufficient to check the
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final operation of bridge machinery that rails are locked, at which time power
may be cut off from the bridge machinery and the signal devices made free to
establish rail traffic.
Where a _movgble bridge is to be signaled and the intermediate functions of
bridge operating devices are not designed to gperate in proper sequence, ad-
ditional apparatus will be necessary to accomplish such sequence. . \




QUESTIONS ON

CHAPTER XXVI

RELAY INTERLOCKING
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QUESTIONS ON CHAPTER XXVI
RELAY INTERLOCKING
1. What was provided in earlier types of interlocking that is not required
in relay interlocking?
2. What are the three general types of relay interlocking?
3. What indications are usually provided on the control machine panel?

4. What advantages does the push button control center have over other
types of centralized traffic control machines?

5. What factors determine whether direct wire or code system will be
more economical for a remote control installation?

6. What does the term ‘‘switch correspondence light” mean?

7. Under what conditions will the switch correspondence light be lighted?
8. What is the function of the relays designated HSR?

9. What is the function of the relays designated NWSR and RWSR?
10. Why are the relays designated HSR provided with a holding circuit?
11. What is the purpose of relay designated RR at automatic interlockings?

12. Why are directional stick relays provided in automatic interlocking
circuits?
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