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CHAPTER XXIII
RAILROAD-HIGHWAY GRADE CROSSING PROTECTION

General.

Protection at highway grade crossings was first afforded by placing con-
spicuous signs at the crossing, one sign generally sufficing for a single or two-
track crossing, the lettering on the sign conforming with the ideas of various
railroad officials, state laws or state authorities. It was required that the
engine whistle be sounded at varying distances frem the crossing— one-fourth
mile being the most favored; the engine bell to ring until the train reached the
crossing.

Horse-drawn vehicles traveled at a comparatively slow speed and they
had ample time, after hearing a train whistle or bell one-fourth mile away, to
stop before reaching the crossing. Furthermore, the radius of travel of a horse-
drawn vehicle was in general comparatively short and the drivers knew the
location of all the crossings and were usually familiar with the train service
over each, For these reasons, accidents were infrequent.

With the advent of the automobile, the situation changed. Drivers were,
in many instances, unfamiliar with local conditions. Noises incident to opera-
tion of the automcbile prevented drivers from hearing the engine whistle or
engine bell so that watchmen were placed at certain crossings to warn the
public using the crossing of the approach of trains in sufficient time to enable
drivers to stop before reaching the crossing. The watchmen were equipped
with warning devices such as a red flag in the daytime and red light at night.
The presence of these watchmen was frequently ignored so the protection was
increased at heavily traveled crossings by the installation of manually operated
gates which extended across the roadway and acted as a barrier to approaching
vehicles. The gates were originally operated by wire or pipe connections.
Later they were operated pneumatically, then by electric motors. The cross-
ings were also equipped with appropriate signs to further call attenticn to
the fact that a railroad crossing existed.

With the invention of the track circuit, automatic protection at crossings
became possible and gradually came into use, the first type of which was the
highway crossing bell. This bell was operated automatically on the approach
of a train, a designated distance from the crossing, and the bell continued to
ring until the train had passed. The general use of closed automobiles, how-
ever, made the audible warning ineffective and the need for a visual warning
became apparent, especially at night.

In order to provide a more distinctive visual indication of the appreach of a
train than the usual crossing signs, which merely indicated the existence of a
crossing, the wig-wag signal was developed to display a moving banner by day
with a moving or flashing red light by night. This was the first visual warning
signal to come into general use and was operated by an electric motor.

A device using lights for visible warning both by day and by night was first
exhibited in 1912, It consisted of a series of six flashing lamps lighted suc-
cessively to give the impression of a swinging red lantern.

Highway grade crossing protection was beginning to receive considerable
attention by state and federal officials so that in 1916 the American Railway
Association, predecessor of the Association of American Railroads, considered
the matter and adopted certain uniform standards of highway crossing pro-
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tection. They covered the painting of crossing gates with black and white
stripes; the installation of standard approach signs at a given distance from
the crossing; the display of red lights toward vehicular traffic on crossing gates
and in the hands of the watchmen, and the use of “STOP” signs by the watch-
men during daylight.

At the 1923 Annual Meeting of the Signal Section, American Railway Asso-
ciation, the first standardization of automatic highway grade crossing signals
was made by the adoption of the following resolution:

“Resolved, That an electrically or mechanically operated signal, used
for the protection of highway traffic at railroad crossings,
shall present toward the highway, when indicating the ap-
proach of a train, the appearance of a horizontally swinging
red light and/for disc.”

Due to the attention being given to highway grade crossing protection, it
was soon found very desirable to provide uniform signals in the various states
to avoid confusion to the drivers of automobiles and trucks. In April 1930 a
Joint Committee on Grade Crossing Protection of the Association of American
Railroads was organized., This Committee’s principal functions were (1) to
investigate various types of railroad-highway grade crossing protective devices,
with reference to the application of the best methods to the several classes of
crossings and to recommend to the Association, standards and practices for
the purpose; (2) to review the proposals, concerning railroad-highway grade
crossing protection, of other Divisions and Sections of the Association, in order
that they might be harmonized and properly represent the opinion of the
Association; (3) to maintain contact with federal, state and other public
authorities and to keep them informed with respect to these recommended
standards and practices, with a view to the establishment of uniformity in
aspect and operation of grade crossing protective apparatus.

This Joint Committee has been functioning since that time and railroads
in general have adopted their recommendations. The Bureau of Public Roads,
Department of Commerce, practically all the state regulatory commissions,
and various national organizations have also either adopted or approved them.
(The Joint Committee is now known as the Grade Crossing Protection Unit
of Train Operation, Control and Signals, A.A.R.)

Visible warning signals.

Two types of visible warning signals are in general use: the flashing light
signal and the wig-wag. The A.AR. recommended flashing light signal con-
sists of two red electric light units, spaced 30 inches horizontally on a cross-arm;
the lights are flashed alternately at a rate of between 30 and 45 times per
minute, simulating to some extent a signal given by a watchman swinging a red
lantern. At a simple crossing, the units are mounted back to back on each
mast so that two pairs of flashing light units are shown for traffic in each direc-
tion on the highway, one at the driver’s right on the near side of the railroad
and the other at the driver's left at the far side of the railroad. Additional
pairs of units and additional masts are used as required where two or more
streets approach one railroad crossing. :



In addition to the electric light units, a “RAILROAD CROSSING” sign
(commonly called a crossbuck) is mounted near the top of the mast. Where
there are two or more tracks, a sign reading “2 TRACKS,” “3 TRACKS,”
etc., is mounted under the crossbuck. The recommended non-reflecting
A.AR. signs are painted white with black legend. In some cases, where re-
quired by local reguletory bodies or by railroad preference, these signs are
reflectorized.

The recommended A.A.R. reflectorized “RAILROAD CROSSING” signs
also have the black legend on a white background and are of two types, one
having reflectorized legend by use of reflector buttons, and the other having
reflectorized background by use of reflex-reflecting sheet material.

The recommended A.A.R. reflectorized “‘number of tracks’’ signs have the
colors reversed, that is, the legend is white on a black background and the
legend is reflectorized, either with buttons or with reflex-reflecting sheet
material.

Auxiliary signs recommended by the A.A.R. are mounted below the flashing
light units and are of two types. One type of sign reading “STOP ON RED
SIGNAL” has white reflectorized letters on a black background, and is readily
visible in daylight and also at night when in the beam from an approaching
automobile headlight. Another type of sign consists of a red illuminated word
“STOP,” arranged vertically, which is illuminated only when the signal is in
operation. In some states, preference has been shown for the use of a different
type auxiliary “STOP” sign, it being a standard highway type octagonal sign
located between the flashing light units and mounted on a vertical shaft to
revolve 90 degrees, the shaft turning to present the face of the sign toward ap-
proaching highway traffic only when a train is approaching. This sign has a
yellow background with black legend, either of which may be reflectorized.
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The standard wig-wag signal consists of a banner which, when in operation,
swings to resemble the warning given by a flagman. A red light on the banner
gives a night indication. Signs used with the wig-wag are the same as with
the flashing light signal, except that a reflectorized “STOP WHEN SWING-
ING® sign is used instead of “STOP ON RED SIGNAL.”

Requisites for highway grade crossing signals.

1. A signal used for the protection of traffic at a railroad-highway grade
crossing shall present an aspect toward approaching highway traffic conform-
ing to Drawing 1651, 1652, 1653, 1654, 1686 or 1688 (Figs. 1 to 6, inclusive).
The operative part of the signal, when indicating the approach of a train, shall
present the appearance of a horizontally swinging red light or swinging disc.

2. Either flashing light type or wig-wag type signals may be used, but both
should not be used at the same crossing. One signal shall be placed on each
side of the track preferably to the right of approaching highway traffic.

3. Bell, when used, should be mounted preferably on the mast supporting
the crossing signal, with the face of the gong parallel to the highway. Size and
range of bell shall be determined by local conditions.
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4. Parts which function as background for light signal indications shall
be painted with non-reflecting black. All other parts shall be painted with a
finishing coat of white or aluminum when installed.

5. Controls for signal operation shall be in accordance with requisites
for control of automatic highway grade crossing signals and devices. (See
page 22.)

6. Electric light units on flashing light signals shall be arranged to shine
in both directions along the highway. They shall be mounted horizontally,
2 foot 6 inch centers and preferably not less than 7 feet nor more than 9 feet
above the surface of the highway. The eclectric light unit, under bright sun-
light conditions with the sun at or near the zenith, shall have a range of 1,500
feet with a 10-volt 10-watt single filament lamp rated at 1,000 hours at 10

' volts, when equipped with 30-degree horizontal 15-degree downward deflection
roundel through a total angle of not more than 10 degrees either side of axis.
Electric lamps shall flash alternately. The number of flashes of each electric
lamp per minute shall be 30 minimum, 45 maximum. Electric lamps shall
each burn approximately the same length of time. Total burning time of both
electric lamps shall be practically the entire operating time.

7. Electric light units on wig-wag signals shall shine in both directions
along the highway. Lenses or roundels shall be highway crossing red 5 inches
diameter minimum. The electric light unit, when the disc is suspended ver-
tically, shall have a range, at night, of 1,500 feet through a total angle of not
less than 20 degrees when a 10-watt lamp rated at 1,000 hours is burned at
rated voltage. Movement from one extreme to the other and back constitutes
acycle. The number of cycles per minute shall be 30 minimum, 45 maximum.

Crossing dates.
Gates are one of the oldest forms of highway grade crossing protection and
are in general use at busy crossings of multiple track railroads.

Automatic gates.

Gates operated by electric motors or by hydraulic cylinders driven by motors
have been on the market for years, and around 1924 arrangements were
developed for controlling the operation of such gates automatically by track
circuits. One objection to automatic operation of these early types was the
possibility that gates which completely spanned the highway might be lowered
while a vehicle was on the tracks, thus preventing escape before the train
arrived, To obviate such accidents, these gates were so constructed that the
arms would swing in a horizontal plane away from the tracks when pushed by
a vehicle. This difficulty has been overcome by the use of the short-arm gate.

The so-called “short-arm?”’ gate, which is the type now generally used as an
adjunct to flashing light signals, is so designed that the arm, when lowered,
extends only over the right-hand or approach section of the highway, thus
leaving an open pathway for vehicles already on the crossing. This type of
gate is used where gates are controlled automatically and their use is favored
for “two-train’® protection at crossings where there are two or more tracks, to
prevent a vehicle which has waited for a train on one track to pass, from fail-
ing to wait for the signal to cease operating, and from being struck by a train
approaching on another track. Short-arm gates are now used for manual or
auto-manual control where protection for a number of streets may be con-
trolled by an operator at a central point,
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A special feature of automatic gate installations is that the lamps on the
gate arms and the flashing light signals operate for several seconds as a pre-
warning before the gate arm starts to lower, thus allowing time for a vehicle
to be stopped short of the gate, or, if approaching closely, to proceed over
the crossing before the arm is lowered. The gate arm mechanism is so designed
that if the gate arm, while being raised or lowered, strikes or fouls an object, it
will readily stop and, on removal of the obstruction, assume the position corre-
sponding with the control apparatus.




Requisites for automatic gates.

1. An automatic gate used for the protection of highway traffic at a rail-
road-highway grade crossing, when indicating the approach of a train, shall
present toward approaching highway traffic the aspect of an arm equipped
with red lights being lowered across the lane or lanes used by traffic approach-
ing the crossing or at rest in the horizontal position across the lane or lanes.

2. An automatic gate, when installed, shall serve as an adjunct to a high-
way crossing signal of the flashing light type.

(a) When used as an adjunct to signal shown on Drawing 1653, it shall
conform to Drawing 1462 or 1489. (See Figs. 3, 7 and 8.)
(b) When used as an adjunct to signal shown on Drawing 1686 or 1688
(Figs. 5 and 6), it may be separately mounted on an independent pipe
post or pedestal located between the signal and the track.
One gate shall be placed on each side of the track preferably to the right of
approaching highway traffic.

3. Each gate arm shall be equipped with not less than three red electric
light units arranged to shine in both directions along the highway. The gate
arm, when in the raised position, shall not obstruct or interfere with highway
traffic.

4. Bell, when used, should be mounted preferably on the mast support-
ing the crossing signal, with the face of the gong parallel to the highway. Size
and range of bell shall be determined by local conditions.

5. Pipe, base, pinnacle, supporting arms, brackets, clamps and mechanism
case shall be painted with a finishing coat of white or aluminum when installed.

6. Controls for gate and signal operation shall be in accordance with requi-
sites for control of automatic highway grade crossing signals and devices.
(See page 22.)

7. The highway traffic lanes in the vicinity of the crossing should be
distinctly marked.

Gates designed for manual control only.

Gates designed for manual control only have in the past usually consisted
of four gates, at a simple crossing, although two gates were sometimes used, one
on each side of the tracks. For either arrangement the gates completely
spanned the highway. Two or three crossings were frequently controlled
from a central point. Gate arms were provided with red lights for use at
night. Many gate arms are today equipped with lamps which are lighted
through a circuit controller when the gate arm operates to protect the crossing.

Gates operated by compressed air cylinders or diaphragms instead of
electric motors are still in use, although few new installations are being made.
Originally such gates were operated by hand pumps, but motor-driven pumps
or blowers have largely supplanted hand pumps. By locating the control
tower midway between street crossings, one man could handle the gates at
two or more streets. Gates manually operated by mechanical means still
continue in use at crossings where manual control is necessary and where
group control is not feasible.

In recent years, short-arm gates with flashing light signals in accordance
with Signal Section, A.A.R. recommended practice have come into general
use where there is manual control. Numerous installations have been mede
where gates at several streets are controlled from a central tower, the operator
being provided with a control panel giving necessary information as to the
location of trains, etc.
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Audible signals.

Electrically operated bells are practically the only audible signals in use.
While many installations of bells alone, made before 1920, are still in service,
bells are now generally used only with visual signals to comply with special
requirements of local regulatory authorities.

If bells are made to sound loud enough to be heard by the drivers of trucks
and other heavy vehicles, they are an annoyance to the residents and, con-
versely, if not loud enough to be annoying, they cannot be heard by the drivers.
Therefore, as a protection for automobile traffic, they are not of sufficient value
to warrant their installation. However, where pedestrian traffic is heavy,
especially in the neighborhood of schools, the use of a softer-toned bell as an
adjunct to the visual signal and for the sole purpose of warning pedestrians
is in some cases justified.

Requisites for bells are included with those for automatic gates and for
highway grade crossing signals.

“NO RIGHT TURN” or “NO LEFT TURN” signals.

In some instances, where streets that are parallel and adjacent to tracks
approach a street which crosses the tracks, a special “NO RIGHT TURN”
or “NO LEFT TURN" signal is located on the side streets and illuminated
in conjunction with the flashing light signals when a train is approaching.
Generally there are two vertically mounted units on a mast. On the approach
of a train the top unit displays a flashing yellow light, while the bottom unit
displays a steady burning light which illuminates the “NO RIGHT TURN"
or “NO LEFT TURN" sign.

“NO LEFT TURN" Signal.
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ELECTRIC LIGHT UNIT : MOUNTING IN ACCORDANGE WITH :
AAR SIG. SEC. SPEC. 190, MANUAL PART 166 OR 1482 FOR FRONT OF MAST,
AAR SIG. SEC. SPEC. 232, MANUAL PART 244, 1483 FOR SIDE OF MAST.
EXCEPT TO DISPLAY YELLOW.

-

14811 OR
14gi2

10 FT. 53 MINIMUM

T FT. 0 MINIMUM

4 INCH PIPE
IDF. 2 LDNG —— o
MINIMUM

————— — \Tur OF FOUNDATION
; 6 IN. ABOVE CROWN OF HIGHWAY

'
VARTATIONS IN THE MOUNTINGS
ARE FERMISSIBLE.

" 3FT. 4.

[P Y P 1 H h

SCALE AMD ALL DIMENSIDNS GIVEN IN INCHES
UNLESS OTHERWISE INDICATED

Fig. 9.
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Regquisites for “NO RIGHT TURN” or “NO LEFT TURN" signals.

1. On highways adjacent to and approximately paralleling a railroad,
which intersect or join another highway that crosses the railroad, signals
displaying the legend “NO RIGHT TURN" or “NO LEFT TURN"” on the
approach of a train may be used to supplement the highway grade crossing
signals which are located at the crossing.

9. The aspect shall be that of an illuminated sign bearing the legend “NO
RIGHT TURN” or “NO LEFT TURN” surmounted by a flashing yellow
marker light.

3. Signal shall be placed preferably to the right of the parallel highway
approaching the crossing and as close to the intersection as practicable. The
center of the sign shall be not less than 7 feet nor more than 9 feet above the
surface of the highway, and the center of the marker shall be approximately
2 feet higher. Signal shall conform to Drawing 1488 (Fig. 9).

4, Pipe, base, pinnacle, brackets and clamps shall be pamted w1th a
finishing coat of white or aluminum when installed.

5. Controls for the operation of the signal shall be in accordance with
requisites for control of automatic highway grade crossing signals and devices.
(See page 22.)

The location of crossing signals.
The present practice with reference to the location of crossing signals is to
place one signal at the right of the highway for each direction approaching the
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cracks. Light units on each signal are directed in both directions along the
highway so that if the view of one of the two signals is obstructed, an approach-
ing driver may see the other.

At locations where automobiles or trucks are frequently parked in positions
to obstruct the view of signals on masts, cantilever arms are used to extend
the signals out over the road. The former practice at such locations was to
place the signals on large concrete foundations in the center of the road, but
experience showed that many accidents were caused by vehicles being driven
into the foundations in such locations, and this practice has, therefore, been
discontinued on new installations.

Flashing light signals are usually located about 6 feet from the edge of paved
highways where curbs are not involved. On highways having curbs, they may
be only far enough from the curb to permit a vehicle at the curb to clear. They
should be as close to the railroad as required clearance for passing trains will
permit, but at an oblique crossing they must be far enough away to permit a
vehicle standing opposite the signal and at the right of the center line of the
highway to clear a train on the nearest track. The same principles apply
to the location of wig-wag signals and short-arm gates.

Control of Highway Crossing Protection

The control of highway grade crossing protective devices is usually effected
automatically by track circuits actuated by the presence of an approaching
train. Due to the high speeds of trains and the necessity for minimizing
delays to highway traffic where excessive operation of the devices may result
from wvarious local operating conditions, control circuits may extend over a
considerable distance and may become rather complex. This situation has
resulted in the necessity for a very high standard of control circuit design.

Reguisites for control of automatic highway grade crossing signals
and devices.

1. General.

(a) Signals and devices which indicate the approach of a train shall
be so controlled that they will operate for such period of time before
the arrival of any train operated over the crossing as is reasonably
required to afford protection.

(b) Controls shall be in accordance with Requisites for Automatic
Block Signaling Circuits in so far as they apply, and as far as practicable
shall be so designed that in the event of failure of any part, the required
operating time of the signals and devices will be assured.

(c) Where means are provided for cutting out the protective devices
during intervals when trains make regular operating stops or perform
switching operations on approach circuits:

1. Controls shall be so designed as to insure required operating
time of protective devices, when the train again proceeds toward
the crossing.

2. Automatic control of the protective devices actuated by
approaching trains other than the train that has stopped or is
performing switching operations, shall take precedence over any
cut-out features.

22



(d) Where manual supervisory control of protective devices is pro-
vided in addition to automatic controls:

1. Automatic control actuated by approaching trains other than
that for which manual control has been made effective shall take
precedence over the manual control.

2. Means shall be provided to insure restoring of the controls
to automatic operation.

3. Means shall be provided to prevent manual operation by
unauthorized persons.

Controls for highway grade crossing signals.

(a) Where the distance from the most remote signal to the clearance
on the highway for the farthest track on which trains operate at medium
or higher speed, as measured parallel to the center line of the highway,
is 35 feet or less, the signals shall operate for not less than 20 seconds
before the arrival of any train on such track. Where this distance is
more than 35 feet, the 20 seconds time should be increased by an amount
equal to the additional travel time required for slow moving highway
vehicles which use the particular crossing, to clear the farthest track.

(b) For trains in either direction on main tracks over which trains
normally operate in either direction, and for trains moving with the
current of traffic on main tracks over which trains normally operate in
one direction only, signals shall operate until the rear of the train clears
the crossing.

(c) Where reverse running is frequent on main tracks, consideration
shall be given to meeting the same requirement as where trains normally
operate in either direction on main track.

(d) Where train speeds on a given track vary considerably, a single
operating circuit of such length as to provide adequate warning of the
approach of trains at the higher speed may produce too long a warning
time for slower trains. In such cases, additional operating circuits may
be provided with timing devices so arranged that a warning time, not
too long for the slower trains, will be automatically selected.

(e) Bell, when used, shall sound a warning from time signal lights
start to operate at least until head end of train has passed the crossing.
Controls for automatic gates.

(a) Gate arm lights shall operate in conjunction with the highway
grade crossing signal, as follows:

1. Lights shall operate at all times when the gate is in posi-
tion to obstruct highway traffic.

2. Light nearest the tip of arm shall burn steadily.

3. Two lights shall flash alternately and in unison with the
lights on the signal.

(b) Gate arm shall start its downward motion not less than 3 seconds
after the signal lights start to operate.

(c) Gate arm shall reach full horizontal position before arrival of any
train on a main track and shall remain in Jhat position until the rear
of the train has cleared the crossing.

(d) Circuits shall be so arranged that a failure of the gate mechanism
to operate as intended will not prevent the lights on gate arm and signal
from operating on the approach of a train.
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(e) Bell, when used, shall sound a warning from the time the signal
lights start to operate at least until the gate arm has descended to within
10 degrees of the horizontal position.

4, Controls for “NO RIGHT TURN" and “*NO LEFT TURN?" signals.

(a) Sign shall be illuminated without flashing during period that the
crossing signals are operating.

(b) The yellow marker located above the sign shall flash in syn-
chronism with the crossing signals.

Directional controls.

One of the important features in the control of automatic highway grade
crossing protection is the use of directional controls. These are required where
trains are operated in either direction on a given track and it is becoming
general practice to provide controls on this basis in multiple track territory to
provide adequate protection for even infrequent reverse movements. In
general, two schemes of directional control are available: the directional stick
relay and the interlocking relay. The interlocking relay is described in Chapter
VI—Direct Current Relays.

While many crossing protection installations now in service employ inter-
locking relays, quite a few railroads prefer the use of directional stick relays.
The stick relay scheme is basic in railway signaling in that it is capable of
determining a condition (in this case, direction) and registering that condition
until its registry is no longer required. The registry is accomplished by causing
the relay to remain energized over its own front contact.

Special controls.

Few major highway grade crossing protection projects today are installed
without some form of additional control, there being many additions or modi-
fications available to accommodate local operating requirements. These ar-
rangements can be classified as special controls and can be roughly grouped
into two general categories: (1) manual or auto-manual and (2) automatic.

Under the first classification, manual or auto-manual, are the arrangements
whereby push buttons or other types of circuit controller are used to cut out
operation of the protective devices during train stops or switching movements.
This classification would also include the various methods for providing auto-
manual supervisory control where a watchman, provided with model board
and suitable controlling devices, operates a group of crossing protection instal-
lations during a certain portion of the day. Where auto-manual controls are
provided and the watchman is not on duty the controls revert to automatic
operation. In this arrangement, provision must be made so that automatic
control actuated by an approaching train other than the train for which the
cut-out is effective will take precedence over any cut-out feature. Figure 10
illustrates a manual supervisory control model board.

The automatic classification can be subdivided into the following: (a)auto-
matic timing; (b) combination timing and manual cut-out (switch cut-out)
and (c) selective speed control. :

Automatic timing is appliéable where trains make regular operating stops
and it is desirable to cut out the crossing protection if an approach track section
is occupied for a predetermined length of time. At very busy crossings and
where there is a large variance in speed between the fastest and slowest trains
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Fig, 10,
Manual Bupervisory Control Model Board,

operated over a given crossing, a variation of this arrangement is used as indi-
cated by the second item, selective speed control, Here the cut-out feature is
dependent upon the measured speed of trains approaching the crossing. Com-
bination timing and manual cut-out (switch cut-out), would include schemes
where automatic timing is employed in conjunction with circuit controllers
actuated by the operation of hand-throw track switches in territory where
numerous switching moves are made. The requirements concerning pre-
cedence of through movements and of restart arrangements indicated under
manual cut-outs apply to automatic schemes as well.

Typical circuits. (See four folded sheets at back of this chapter.)

Typical circuits for a complete crossing protection installation are shown
on A.A.R. Sig. Sec. 8011 (two sheets), and include alternate arrangements
of warning signals and auxiliary devices such as the vertical illuminated and
rotating disc stop signs, flashing lights and automatic flagman.

1. Directional stick relay arrangement.

(a) When a train occupies an approach track circuit section and
proceeds over the crossing, the approach relay will not become energized
until train clears the crossing track circuit, due to the stick control of
the approach relays. This feature is designed to provide proper operation
of the directional stick relays for closely following train movements.
Timing circuit is shown to cut out a portion of the westward approach
when occupied for more than a predetermined length of time.

(b) The stick relay circuit as shown provides for the energizing of
receding directional stick relay when train enters the crossing track
circuit and while the approach track circuit is occupied and receding
approach circuit is unoccupied. This prevents establishing direction
due to an inadvertent shunting of crossing track circuit. Directional
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stick relays are slow release to bridge the open circuit time that may be
caused by the movement of a high-speed short train and contact trans-
fer time of receding approach relay.

2. Interlocking relay arrangement.

(a) When a train occupies an approach track circuit section and pro-
ceeds over the crossing, the approach portion of the interlocking relay
will remain de-energized until the train clears the crossing track circuit.
This is accomplished by selecting both controls of the interlocking relay
through the crossing track relay. A circuit is provided to cut out a
portion of the eastward approach section for switching movements. A
method of superimposing manual control is provided.

Typical circuits for an automatic crossing gate installation are found on
A.AR. Sig. Sec. 8053 which provides two different directional stick relay
schemes.

1. Direction control circuits.

(a) Scheme 1 provides for energizing of receding directional stick
relay at the time train enters the approach circuit and the receding
approach circuit is unoccupied.

(b) Scheme 2 provides for energizing of receding directional stick
relay at the time train enters the crossing track circuit and while the
approach track circuit is occupied and the receding approach circuit
is unoccupied.

(c) Directional stick relays are slow release to bridge the open circuit
time that may be caused by the movement of a high-speed short train
and contact transfer time of receding approach relay.

2. Gate control circuits,

(a) Relay XGNR controls the crossing lights in such a manner as
to provide for the lighting of the flashing lights and gate arm lights
when a train enters and occupies the approach track circuit. This
lighting is retained while the crossing track ecircuit is occupied, and
until the gate arms reach their approximate normal vertical position.

(b) Gate control relay XGNPR is slow release to provide a time
delay between lighting of lights and lowering of gate arm.

Typical circuits illustrating one method of obtaining selective speed control
in which the operating time of the protective device is dependent upon the
speeds of approaching trains as measured by means of a timing track section,
are shown on A.A.R. Sig. Sec. 8052. On this plan, one measuring section
differentiating between two general speed groups, 7.e., high and low, is shown.
The plan provides a means of reducing the approach warning time of the
crossing protection for a slow or medium speed train in high-speed single
direction running territory. The circuit shown provides a separate start for
maximum speed and lower speed trains by means of timing section 1T which
initiates the start of a timing relay. This timing section is in approach to the
maximum speed start and if a train consumes greater time than the prede-
termined time of the lower speed train in this timing section, the timing relay
completes its cycle of operation and energy is maintained to the control relay
ETPR until train enters 3T track section. The circuit provides for a complete
time cycle for the timing relay by means of the use of the 1 TECPSR relay or
selection of the roadway signal circuit through the check contact of the timing
relay. When this circuit arrangement is used in ncn-signaled territory a
means of checking the proper operation of 1T track circuit should be provided.
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Consideration should be given to acceleration, variation in train speeds and
reverse running when using this plan.

Roundels for Flashing Light Signals

A “‘spreadlight” roundel distributes light uniformly through the entire angle
indicated, one-half the angle being on each side of center. A most common
example is a roundel with 30-degree horizontal spread.

A “‘deflecting” roundel distributes a portion of the light from the main beam
to one side of the center and in the direction of the arrow on the roundel.

A roundel having both spreadlight and deflecting features is so made that
the deflection is at right angles to the spread. Examples of such roundels are:

30-degree horizontal spread, 15-degree downward deflection roundel
20-degree horizontal spread, 32-degree downward deflection roundel

These two roundels are most commonly used, the first on mast-mounted
signals at standard height, 7 to 9 feet, and the second on cantilever-mounted
signals and mast-mounted signals higher than 9 feet.

A “diffusion-deflection” roundel spreads the light beam horizontally both
ways from the center and also deflects the beam downward. The diffusion
characteristic of a typical roundel of this type results in a fairly even distribu-
tion of the light in a horizontal beam about 40 degrees wide at a vertical angle
6 to 8 degrees below the center. This type of roundel is sometimes used for
cantilever-mounted signals and mast-mounted signals higher than 9 feet.

Other roundels than those deseribed in detail have been installed in the past
and many are still in service. Some of these are a 20-degree deflecting, a
70-degree spreadlight, and a 160-degree spreadlight with 12-degree downward
deflection. Such roundels are now only used for special locations as required.

Aligning Highway Crossing Signal Reflector Type Light Units

Proper aligning of flashing light units of highway crossing signals, reflector
type, is very important in providing maximum range and visibility. The light
units are focused by the manufacturer, using a signal precision lamp. To
obtain the range and efficiency intended, signal precision lamps must be used
for replacements.

A method of aligning light units equipped with 30-degree spreadlight
15-degree downward deflection roundels in both front and back lights, where
two men are available, is illustrated in Fig. 11, and procedure is as follows:

1, Procedure for front light units.

(a) Continuously light one lamp,

(b) Open door wide so clear beam is displayed.

(c) Adjust light unit vertically to align axis of beam 5 feet 6 inches
above pavement at 400 feet in the approach to the signal.

(d) Adjust light unit horizontally to align axis of beam to center of
approach lane at 400 feet in the approach to the signal, maintaining
vertical alignment as in paragraph 1-c.

(e) Tighten clamps and close door.

(f) Repeat paragraphs 1-a to 1-e, inclusive, on other front light units,

2. Procedure for back light units.

(a) Continuously light one lamp.

(b) Open door wide so clear beam is displayed.

(c¢) Adjust light unit vertically to align axis of beam 5 feet 6 inches
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above pavement at a point 50 feet in the approach to the signal on
opposite side of track.
(d) Adjust light unit horizontally to align axis of beam to a point
50 feet in the approach to the signal on opposite side of track and in
center of approach lane, maintaining vertical alignment as in paragraph
2-c.
(e) Tighten clamps and close door,
(f) Repeat paragraphs 2-a to 2-e, inclusive, on other back light units.
3. After units have been aligned, clamps tightened and doors closed,
they must be checked with lights flashing to make certain that maximum
visibility is obtained at 400 feet and adequate visibility at 1,500 feet for
front light units, and that maximum visibility is obtained at 50 feet and
adequate visibility at 400 feet for back light units.

Wherever a device is used to minimize the possibility of a phantom indica-
tion, the beam candlepower is reduced to the extent that higher than normal
wattage lamps may be required to obtain adequate visibility.

Local conditions which limit the speed of approaching traffic or the distance
at which the signals can be seen by drivers of vehicles approaching the crossing
may make it desirable to align the signal light units in a manner differing from
that shown in Fig. 11, and in addition may require the use of other roundels
than the 30-degree horizontal spreadlight type with 15-degree downward
deflection. In such cases the matter should be referred to the proper authority
and roundels used and alignment made as instructed.

The alignment of the signal light units and the choice of roundels should in
all cases be such that the approach lanes are fully covered by usable light con-
tinuously up to a point opposite the near signal, without having dark areas.

Explanatory.

Following the method described in the foregoing paragraphs, adequate
visibility to meet requisites for highway grade crossing signals (see page 6), is
obtained at 1,500 feet in approach to the crossing unless sharp curves or ob-
structions in the approach interfere. These conditions must be treated as
special cases, keeping in mind the procedure outlined.

Dark glasses are an asset for the man observing the alignment of the units
with the door open, particularly at the short distance from which back lights
are observed. The use of a device to minimize the effect of phantom indica-
tions will ordinarily be desirable only on signals facing in an easterly or westerly
direction. Signals at such locations may be affected when the sun is rising or
setting, but the degree of phantom depends on the topography.

The foregoing information was drawn up after a study of previously reported
methods, and after considerable field work to determine a desirable uniform
and practical arrangement. The reasons for establishing the height and dis-
tances specified are stated here as a matter of interest:

1. The center of the approach lane at 400 feet is determined as the
alignment point for the following reasons:
(a) 400 feet is approximately twice the stopping distance for an
automobile traveling at 50 miles per hour.
(b) The alignment point is in close proximity to the crossing so that
two men working together can call or signal to each other for instruc-
tions.
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(c) The clear light adjustment at 400 feet allows a distinct red flash-
ing indication at 1,500 feet in approach to the crossing if the physical
characteristics along the highway will permit.

(d) More universal use can be made of the method specifying the
shorter distances.

2. The axis of the back light beams is aligned to a point 50 feet in ap-
proach to the front light signal location to which the back lights are attached,
and for the center of the approach lane to obtain a good close indication, it
being recognized that the close up back light indication is not satisfactory
when such units are aligned for a longer range.

3. The vertical alignment is determined at 5 feet 6 inches above the
pavement at the horizontal alignment points to obtain the best indication
at these critical points as well as to prescribe a simple means of getting this
adjustment from points already established. Tests have indicated that the
15-degree downward deflection provides for a goed indication to the crossing
with this alignment while the tolerance above the axis of the clear light beam
causes the red signal to be adequate for the vision of drivers in big motor
trucks and buses.
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