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Signals and Signal Systems.

As the traffic on railroads has grown so rapidly, and as the
speeds of equipment have constantly increased, it has become
necessary to provide the most efficient systems of signaling to safe-
guard the method of conducting traffic. The old method of oper-
ating trains by train orders and telegraph has imposed such a
difficult task for the train dispatcher that other methods are being
used which will lessen his Iabors and responsibilities.

Telegraph and Train Order System. The earliest method of
operating a train, and the one which is still in most extensive use,
is by means of the telegraph and train order system. In this
method of operating trains by telegraph, a train order is filled ont
by the station master in response to telegraphiec orders received
from the train dispatcher, and handed to the engineer and con-
ductor of every train affected by the order. The possession of
this order is the engineer’s authority for running his train, but
before he proceeds he must telegraph the train dispateher his
understanding of the order, so as to minimize the chances of error.
After the train has left, the operator at the station notifies the
train dispatcher, who enters the name of the station and the time
on a sheet before him, so that he can tell at a glance where every
train on the division is and how to direct their movements. With
this system it is essential that a man stand ready to receive mes-
sages and wave a red flag, or hoist a signal to a mast head, if it is
desired to stop a train at any particular station to await the
orders.

The chance of error on the part of the train dispatcher or
telegraph operator increases very rapidly with the number of train
movements required, and for this reason a system of signaling has
been developed whereby trains automatically set signals behind
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1372 SIGNALS AND SIGNAL SYSTEMS.

them to prevent following trains approaching too closely. The
train dispatcher’s duties are thus greatly reduced, as with an auto-
matic signal system he is only required to keep a record of their
positions, so as to stand ready to relieve confusion in case of
failure of the signals.

Block Signals. The method of signaling in general use makes
use of an arrangement known as block signals, by means of which
the engineer can tell when to run cautiously or when to stop;
thus when one signal is set at danger and the other at clear, the
engineer knows the block before him is clear, but the one beyond
is occupied. He then proceeds expecting to find both of the next
signals at danger, indicating that there is a train in the next block,
and he must stop. Omne of the signals on the post is therefore
known as a distant signal, since it indicates the position of a signal
one block in advance, and the other is known as the home signal.
The distant signal is interlocked with the home signal, so that
it can show clear until the home signal a block in advance is
cleared. The reason why one signal at the beginning of a block
does not provide sufficient protection for trains when running at
high speed is because it cannot be seen in time to make a stop with
the ordinary service application of brakes without running by
a signal. The distant signal, therefore, serves to forewarn the
engineer by repeating the indication of the home signal far enough
in the direction of an approaching train to enable a stop to be
made under the worst conditions before the home signal is reached.
It is evident, therefore, that this signal should be placed at least
1,500 to 2,000 feet from the home signal on a level track, a little
less on an up grade and a greater distance on down grade.

A length of a block will depend upon the headway and %peed
of the train, but it is always of sufficient length to allow the
engineer to gain control of his train and stop before reaching a
home signal, after the distant signal is seen. On roads where the
traffic is heavy the blocks are made short, so that a train may run
through the block quickly, and not hold it against another train
which may be waiting. A high-speed train will run through a
long block in the same time a slow-speed train will run through
a short block, therefore for high-speed trains the block should be
made longer, requiring fewer signals for a given length of track,
and affording greater safety, as the trains are kept further apart.
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When the blocks are long and the train allowed to run at full
speed. after passing the distant signal, which may be set at danger,
it is customary to place an intermediate distant signal far enongh
in advance of the home signal to permit a stop being made before
the home signal is reached. This method is particularly advan-
tageous in case the home signal is at the end of a long curve, or
the contour of the country is such as to prevent its being seen
before it is too late to stop. In the case of very long blocks it is
cnstomary to omit the distant signal at the beginning of the block,
the intermediate signal affording ample protection.

Block Systems. The block system is a series of consecutive
blocks so arranged as to regulate the movement of railroad trains
in order that an interval of space may be maintained between
trains moving in the same direction on the same track. There
are four different block systems in general use, the simplest of
which is the Mannal Block System, the others being the Con-
trolled Manual Black System, the Electric Train Staff System,
and the Automatic Block Signal System.

Development of the Block System. The block system was
first used in America in 1863 or 1864, and the interlocking about
1870. TFor many vears the Pennsylvania, which in 1872 leased
the lines east of Philadelphia, on which the block system had been
first introduced, was the only road using it. A few roads in New
England began using wire-circuit automatic block signals about
1871, but the time interval rules were maintained in full force,
so that the signals were of little use in increasing the capacity of
the railroads. In 1879 the track circnit was introduced, making
automatic block signals effective as against the danger of false
clear signals being given by the accidental separation of a train
into two parts (and ineidentally affording a means of detecting
broken rails), and from that time the use of the automatic system
lias progressed as fast as railroads have found themselves able to
make the heavy investment necessary to install if.

Statistics of Roads Using Block Signals. From data given by
the government, 47,876 miles of railroad are operated by the
manual block signals, Of this mileage 40,040 miles are regulated
by the use of the Morse telegraph; on 3.287 miles it is done by
means of telephones ; on 839 miles by electric bells ; on about 2,400
miles by controlled manual apparatus, without track circuits; on
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727 miles by controlled manual apparatus, with track cireunits at
stations; on 212 miles by controlled manual apparatus, with track
cireuits continuous throughout the block sections, and on 234 miles
by the electric train staff. '

The principal roads using telephones for block signaling are
the Atchison, Topeka & Santa Fe, 1,438 miles (inclnding some
double track) ; Chicago, Burlington & Quiney, 753 miles (includ-
ing some double track); Illinois Central, 769 miles; Michigan
Central, 68 miles; Pennsylvania, 203 miles (including some
double track) ; West Jersey & Sea Shore, 29 miles (all double
track). :

The principal road using electric bells (not controlled
manual) is the Erie, on which there are 723 miles worked in this
way, including both double track and signal lines. Other lines are
the Long Island, the Pennsylvania and the Wabash.

The principal roads using controlled manual, with no track
circuits, are the Chesapeake & Ohio, 147 miles; Chicago &
Eastern Illinois, 69 miles; Chicago, Burlington & Quincy, 1,252
miles; Illinois Central, 769 miles. Nearly all of this niileage is
single track.

The roads using controlled manual, with track ecircuits at
the stations, are the Chesapeake & Ohio, 92 miles; Chicago &
Alton, 19 miles; Long Island, 8.6 miles; New York Central &
Hudson River, 373 miles; New York, New Haven & Hartford,
229 miles. 3

The roads using controlled manual, with continuous track
circuits, are the Chesapeake & Ohio, 29 miles; Chicago, Burling-
ton & Quincy, 61 miles; New York Central & Hudson River, 70
miles (234 miles of track) ; Pennsylvania, 14 miles. The electric
staff is in use on 20 roads, but only five of these have more than 10
miles each. These five are the Atchison, Topeka & Santa Fe, 34
miles; Chicago & Alton, 18 miles; Great Northern, 15 miles;
Southern Pacifie, 101 miles; Union Pacifie, 11 miles.

The 100 roads on which manual block signals are in use
report the number of block signal stations as 9,438, and 2,600 of
these stations (on 62 roads) are closed part of the time.

On 23,196 miles of road worked by the manual block system,
most, or all, of the block stations have but one signal each for
movements in each direction. This signal is usually fixed oppo-
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site the station office, and trains ordinarily are allowed to pass a
signal indication “stop” sufficiently far to stop the cars at the
station platform. About 3,600 miles of the lines here referred to
are double track.

Automatic block signals are now used on about 11,000 miles
of American railroads,

Definitions of Various Terms TUsed in Block Signaling. In
order to understand the working of a block system, there are a
number of different terms which must be defined, as railroad sig-
naling is a comparatively new art which is rapidly growing, and
its nomenclature is unsettled.

Block Signal. The block signal is a fixed signal at the en-
trance of a block section, used to give indications regulating the
movement of trains in that section.

Block Section. A block section is a section of tracks of de-
fined length, the use of which is regulated by a fixed signal at the
entering end, or on a single track line by such signals at
both ends.

Home Signals. A home signal is a fixed signal situated at the
point at which trains are required to stop when the signal does
not indicate proceed. As a block signal it stands at the entrance
of the block. Tt is also used to protect switches, crossings, draw
bridges, ete. When a home signal shows clear, it indicates that
the track governed by the signal has been made ready for the
movement of the train on it. When a manual or controlled mannal
block system is used, the home signal must not be passed except
upon orders from the proper authority.

Semaphore home signal arms are usnally made with square
ends to distinguish them from distant signals, the arms of which
are made with forked ends. Sometimes a further distinetion is
made by using arms with pointed ends for automatic home block
signals, and square end arms for other home signals.

Advance Signal. An advance signal is one which has the
same function as a home signal. Tt is placed some distance in ad-
vance of the home signal at a block or interlocking signal station.
It provides a short block system in which the signalman may hold
a train while not interfering with the movement of trains in the
main block section, either in advance or in the rear. The signal-
man can accept another train from the rear block as soon as the
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arriving train has passed completely beyond his home signal, and
he can hold the arriving train at the advance signal until the block
im advance is clear.

Distant Signal. In order to run a train safely at a given speed,
it is necessary to keep the engineer informed at all times of the
conditions of the track in front of him, so that he may know that
it is proper for the train to proceed. If it is not safe to proceed, the
engineer must be informed at a point sufficiently far away from
the stopping point, in order to enable him to bring the train to a
stop before entering the danger block. Of course, the higher the
speed of the train the greater the distance from the stopping point
should the indication to stop or to proceed be given. This distance
generally carries from 1,500 to 2,000 feet or more in the rear of
a home signal. This distance indicated is therefore known as the
distant signal, and is generally so interlocked that it never can be
cleared until the home signal is clear, and shounld there be other
signals for that track, the distant signal is so interlocked that all
of them must be cleared before it can be cleared.

In the automatic block signal system the distant signal is
controlled by the home signal, and is usually mounted on a post
with the first home signal in the rear. When the three-position
automatic block signals are used, each signal gives a distant indi-
cation for the next signal in advance.

Caution Signals. A caution signal is a signal indication which
denotes that a train may proceed under some restrictions, with
the understanding that a preceding train moving in the same
direction may be overtaken at any point in the block section, and
that, therefore, the speed must be very slow, except when the en-
gineer is able to see a clear track for a considerable distance ahead.
A caution signal is sometimes used so that it means proceed, in
which case the next home signal will indicate stop. Should the
home signal become clear when it is reached, the caution signal
does not then, of course, have any value.

Permissive Block Signals. Permissive block signaling permits
one or more trains moving in the same direction to enter a block
section before the last preceding train has passed out at the other
end. In such cases the following train is allowed to proceed slowly
expecting to find the track blocked, and the engineer must be pre-
pared to stop without being warned by a flagman or otherwise.
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Permission to proceed is given by a written card from the signal-
man, or by a signal indication such as the intermediate position of
a three-position signal or by a flag or hand lantern. In automatic
block signals the practice is generally permissive, because if a
signal is out of order and indicated stop, the line would be blocked
until the signal eould be repaired. The most common rule for per-
missive block signals, where automatic signals are used, is to stop
at a signal indicating stop, wait one minute, then proceed through
the block with speed under control. On some special lines or
single-track roads it is a rule to send a flagman ahead before pro-
ceeding. Permissive signaling, however, is ordinarily only
allowed with freight or slow-speed trains, absolute blocking being
enforced before and behind passenger trains.

Clear Signal. A clear signal always denotes the position of a
signal, which indiecates that the train may proceed.

Distant Switch Signal. A distant switch signal is one arranged
like a mechanical distant signal, but is only to indicate the posi-
tion of an outlying switch. Its lever is usunally interlocked with
the lever of the switch. It had its widest use before block signals
came into extensive use,

Dwarf Signal. A low semaphore signal, which is used for
giving indications for low-speed movements, is generally termed
a dwarf semaphore signal, and they are used generally with an in-
terlocking plant for determining the movements of a train in the
reverse direction to the current of traffic on or from a side track.
They are also used to give indications in the normal direction, as

in the case of movements of a train from the main track to the

side track, and they are frequently used at terminals in the normal
direction.

Three-position Block Signals. On some roads semaphore sig-
nals are used which give three different indications, and are gen-
erally used to provide the protection of distant signals without the
duplication of signal arms usually involved. Each signal arm is
so arranged that it must be put in any one of three positions, the
position depending upon the rules of the particular road upon
which it is equipped. In the most usual form of manually oper-
ated signals the horizontal position on the arm indicates stop, the
arm inclined downwards 45 degrees, caution, and inclined down-
ward about 75 degrees, proceed. On a few roads the arrangement
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for horizontal is stop, upward 45 degrees, caution, and downward
45 degrees, proceed. The signal goes to the stop position when the
train enters the block; when the train has cleared the block it
moves to the caution position, and remains in that position until
the next signal in advance goes to the caution position, when it
goes to the clear position. A train is thus always protected by a
stop signal in the rear, and a caution signal one block further back.

At night a red light indicates danger, yellow light caution,
and a green light clear.

Manual Block System. The manual block system is the
simplest form of block system in general use, The signals at a
block station are moved by hand by an attendant on information
conveyed to him from adjacent block stations by telegraph, tele-
phone or electric bells. With the manual block system the blocks
are of different lengths, each block station having two home signals,
one to govern the movement of trains in each direction. In order
to more closely regulate the speed of trains, distant signals and
advance signals are gemerally used. All of these signals are
moved by levers in the signal tower, and stand normal in the stop
position, being cleared only on the approach of a train, and if
the block ahead is clear they return to the normal position after
the train has passed.

This system differs from the antomatic block signal system
and the controlled mannal bloek system in the respect that in the
former the signals are worked by electrical or magnetic power
controlled antomatically by the train as it passes in and out of a
block section, and in the latter system it differs from the manual
block system hecanse electric locking devices are attached to the
levers by which the signals are moved, so that in order to admit
one train to a block the simultaneous action of the signalman at
both ends of the block is required.

Since 1898 the use of manual block signaling has been quite
rapidly extended throughout the country, and it now covers over
40,000 miles of road, besides several thonsands more on which the
protection is less complete. This mannal signaling is on lines
which carry a considerable traffic, but which yet are not profitable
enongh to justify the initial expenditure necessary to install auto-
matic signals. But as fast as automaties can be afforded many
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companies are substituting them for the other systems; for, once
installed, their operation, requiring no signaling, is much less
costly. :

Controlled Manual Block Systems. As explained above, the
controlled manual block system makes it necessary that both sig-
nalmen must work simultaneously in order to clear that block.
This is done by means of electrie locks which are attached to the
signal levers and controlled from the adjoining block stations.
The controlled manual block systems have the additional advantage
that by the addition of a complete track cireuit throughout the
length of the block seetions, provision is made against eollision due
to the accidental breaking of a train. Because as long as part of
the train is in one block it is impossible for the signalman to give
a chear signal, as he ordinarily would if part of the train passed
and the other part remained in the block.

Electric Train Staff System. The electric train staff system is
a method for regulating the movement of trains on a single track
railroad,

Automatic Block Signal Systems. An automatic block signal
system is a series of consecutive blocks. An automatie block sig-
nal is one which is worked by electric or pneumatic agency,
which is controlled by the passage of the train into, throngh and
out of the block section to which the signal is connected. The en-
trance of a train in the block sets the home signal at stop, and the
clearing of the block section by the passage of the train out of it
sets that signal clear. The apparatus is generally so arranged that
the misplacement of a switch or the accidental entrance of a car
from a side track will set the signal at stop.

Danger, Caution or Clear Indications. There are several ways
of indieating a danger, caution or clear condition of the track,
among which are: First, colored systems; second, position sys-
tems; third, motion systems. A type of the first is a colored disc
moving before a white surface, the second a blade or semaphore
which is held at various angles to the track. When horizontal the
danger or stop is indicated, and when nearly vertical, proceed
or clear. Semaphores may be colored also, and thius become of the
first type. The third, or motion signal, utilizes a revolving mem-
ber, whose motion indicates that an approaching train may con-
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tinue to move, and when stationary that the engine must come to
a stop. This latter system, however, has been abandoned.

Normal Clear vs. Normal Danger Signals. The position of a
signal may be either normally at clear or normally at danger.
Automatic block signals in their simplest form are called “normal
clear,” because at all times, when their block sections are unocen-
pied with the switches closed and all apparatus in working order,
the home signals stand at “clear,” indicating “proceed.” In the
“normal danger” system the home signals indicate stop at all
times, even when the block is clear, except when a train is ap-
proaching, and then they indicate “elear” only when block is clear.
This latter practice resembles manual signaling, except when it
is necessary to clear them for the passage of a train.

There has been a large amount of argument as to whether it
is better to use normal danger or normal clear cirenits, each of
which has its advocates. In general, however, it is better to place
the dependence of a safety condition or a danger indication npon
the opening of a cireuit rather than upon its closing. In the low
voltage circuits nsed in signaling there is greater certainty in
opening than in closing a contact. This is because a poor connec-
tion may introduce a sufficient resistance to oppose the desired flow
of current. With a close cirenit type, with an open switch, the
track must be short-circuited to let the signal at danger, and with
the open cirenit arrangement the signal circuit must be open to
let the signal at danger. This latter is obviously the most reliable,
as a poor contact will merely mean false contact condition, while
in the primary it will set up a false clear signal,

So far as preventing accidents is concerned, the normal
danger position is considered the best, and has been used exten-
sively on systems using the mechanically operated semaphores,
while on electrie operated cirenits the normal danger position is
also favored. The normal danger system admits of the employ-
ment of normally open track cirenits. This condition allows the use
of open circuit batteries with consequent economy of operation.
The cireuits are closed in the preceding two blocks by the approach-
ing train, and should anything be wrong with the block, the track
relays will receive no energy.

With the normal clear system, the closed cireuit gravity cells
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are employed, which require frequent attention and renewing, and
it has been the continual heavy demand upon track batteries by the
low resistance track relays under a clear condition that has been
one of the greatest disadvantages of the normal clear system.

In a normal danger system the indication members are
always in the danger position, except when a train is approaching
them. In all the normal clear systems the signal semaphores or
dises are in the clear position at all times, except when a train is in
the block protected, or an otherwise dangerous condition exists.
This implies that the clearing or retaining devices are normally
in circuit with the power battery, and that their control is the
effect with front relay contacts.

Comparing the extent of mileage used by the two systems,
the data published by the Interstate Commerce Commission, Jan-
uary 1, 1908, shows that there were 14,354 miles of track oper-
ated on the normal clear system, and 4,157 miles operated on the
normal danger system, the total mileage of track operated by the
automatic signals being 18,511,

False Signals. There are a number of conditions in either
type of cireuit which may set up false or dangerous conditions in
a signal system. The failure at danger can only wrongly delay
a train; but failures at clear, by giving the engineer a clear indi-
:ation when such may not be safe, are the ones which are the most
dangerous. Such failures, however, are very few in practice.

Among the causes of false clear conditions are, fusing of
control contacts, improperly counterweighted tracks or semaphore,
breaking of the color spectacles, rusting of the sliding parts, stray
currents, residual magnetism in relays, imperfect contacts, for-
cign matter in relay boxes, erossing or grounding of wires, break-
ing of mechanical connections, poorly insulated circuit wires, ete.

Failures at danger may be caused by a broken rail, bond wires
rusted off, or broken leakage of enrrent between the tracks, broken
wires in the relay, track battery or signal circuit, track or main
battery being exhausted, poor connections, unsoldered joints and
open circuit at motor eommutator, ete.

Semaphore Signals. Of the many signals in use at the present
time the semaphore type is the most popular, and the tendency is
now to adopt this type as a standard. A semaphore has a long
blade pivoted near one end to an upright post at a convenient
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height, so that it may be clearly seen at a distance. The short end
of this blade is fitted with a light casing, with two or more holes
for inserting colored bull's-eyes of sufficient size to permit of their
being seen at a distance at night, when a light is placed behind
them. This blade is suitably connected by means of a connecting
rod to a mechanism usually at the base of the post, so that it can
be turned around its pivot through an angle of about 60 degrees.
In the horizontal position the semaphore indicates danger, and

e s
Fig. 1. Fig. 2.

Square Exp Semarnore Brape, Norcnep or Fisin Tain Seaa-
Usep rvor Home SicyaLs. rrore Brape, Usep ror
DistaxT Sieyats.

when pointing downwards indicates clear. In the daytime the en-
gineer is governed by the position of the blade, whereas at night
a light is made to shine through a red bull’s-eye for danger, and
through a green bull’s-eye for clear. The adoption of a green
light to indicate clear, instead of a white light, has been occasioned
by the fact that white lights in the vicinity of the signal were often
mistaken at a distance for the signal when the signal light was out,
and in the case of a broken red glass a clear indication would be
given instead of danger.

RS BN es. . B

Fig. 3. Fig. 4.

Poixrep Exp SEMAPHORE. Rouxpep Exp Semarnore.

Figs. 1, 2, 3 and 4 represent the shape of semaphore blades
in general use. Fig. 1 represents the square end semaphore blade
used for block and interlocking home signals; Fig. 2 represents a
notched or fish-tail semaphore blade nsed for block and interlock-
ing distant signals; Fig. 3 represents a pointed-end semaphore
blade usually used for automatic home block signals or for train

1 I |« <
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order signals; Fig. 4 represents a round end semaphore used for
a train order signal, for a block signal or for an interlockin
nal under special rules.

o gio-
o o

Two-Position SEmarHorE HomE Brock Siewars.

The most general arrangements of home and distant sema-
phore signals are shown in Figs. 5, 6, 7, 8, 9, 10, 11, 12 and 13.

Fig. 7.

Two-Positron SEmMarHORE DistaxtT Brock Sitawatrs.

Figs. 5 and 6 represent semaphore home block signals in two posi-
tions, Fig. 5 representing the arm in stop position, and Fig. 6
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when the block is clear. Figs. T and 8 represent two positions of
a semaphore distant block signal, Fig. T showing the arm in cau-
tion, which indieates to the engineer that he must be prepared to
stop at the next home signal, and Fig. 8 indicating that the next
home signal is in the proceed position and that the block in ad-
vance is clear. Figs. 9, 10 and 11 represent semaphore and dis-
tant block signals on the same post, Fig. 9 showing home arm
horizontal, indicating stop, block occupied, and distant arm hori-
zontal indicating be prepared to stop at mext home signal. Fig.

Fig. 10. Fig. 11.

SEMAPHORE HOoME aND DisTANT SianaLs oN Sami Post.

10 represents home arm cleared and distant arm at caution, indi-
cating proceed, block is clear, but next home signal is in stop
position. Fig. 11 shows both home and distant arms in clear
position indicating proceed, block is clear and next home signal in
advance is also in clear position.

When the three-position semaphore block signal is used, the
indications are shown in Fig. 12 or Fig. 13. The horizontal arm
in each case represents stop ; the arm in the inclined position shows
caution position, indieating proceed, block is clear but next signal
in advance is in stop position. The arm in the vertical position
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shows clear position, indicating proceed, block is clear and next
signal in advance is either clear or in caution position.

Enclosed Disc Signals. Besides the semaphore, or position and
color system, there is a system of signals used on the Lehigh Valley,
Philadelphia & Reading, and Chicago & Northwestern Railroads
known as the Hall System. This system is purely a color system,
the general arrangement of which is shown in Figs. 14, 15, 16
and 17. The home banner is shown in Fig. 14, which may be
made of red silk, cotton or aluminum, and is about 18 inches in
diameter. Below the home signal is a distant banner, which is of

Taree-Posrrion SEmarnore Brook Siexarn, DowNwarD
IxcrLizATION.

green fabric, as shown in Fig. 16. The inside of the case is
painted white, so that when the dises are drawn aside the inside of
the case will show white in distinetion to the surrounding case,
which is painted black. Lamps are placed back of small openings
at I, which openings contain red or green glass of the same colors
as the dise. These, of course, are used for night signaling.

This system is a normal danger system, as the tendency of
gravity is to hold the dises in a position so that they will always
show danger unless the magnets are energized by an approaching
train.

Advantages and Disadvantages of Disc Signals. The advantages
of the enclosed disc signal are the protection of the moving parts
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against the weather, and the small power required to operate the
moving parts, only about 2} watts being necessary to energize the
electro-magnet which operates the banner.

The disadvantages claimed against the enclosed system are
the tendency of sleet and snow to obscure the dise by covering the
glass, and thus giving a white effect ; the reflection of the sun on

A
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Fig. 13.

TureE-PosiTioNn SEMarHORE Brock Siayarn, UPwarp
IxcrINATION.

the glass in front of the banner may prevent the engineer from
seeing the banner, and the glass spectacles are likely to fall out.

The mechanism of the enclosed signal apparatus is very sim-
ple. Tt consists of an electro-magnet whose armature moves a
member to which the banner and dise and colored glass are at-
tached. The indications are always danger except when the cir-
cuit is closed, in which case the magnet is energized if the tracks
ahead are clear, which turns the banner and spectacle around, cans-
ing the indication to show white. When the train passes out of
the block, the circuit is again open and the signal is again auto-
matieally returned to danger.
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Hall Revolving Signal. In order to give more positive indica-
tion of the position or indication of a given signal, the Hall revolv-
ing signal has been devised. It consists of a semaphore arm
pivoted at the center, as shown in Figs. 18 and 19.

The principle of the signal is motion, not position. TIts lan-

Fig. 14. Fig. 15.

Disk Homr Brocx SigNaL.

guage to the engineer is: If T am in motion, yon can be; if T
have stopped, you must stop.

As a day signal, its revolution makes it far more distinet
with a bad landscape background than a signal at rest in a defined
position for safety. For night signaling, the lantern, shown in
Fig. 19, gives the usual steady red light for danger, bur there is

Fig. 16. Fig. 17,

Disx DistaxT Brock Siaxar.

no spectacle in the semaphore to get broken, and thereby show

safety when it should be danger, as in the case with the ordinary
position.

The semaphore revolving in front of the buli‘s-eye fashes the
light, thus making a safety signal absolutely distinet from all cur
rounding city lights, and preventing trouble from color blindness,
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The engineman knows that the semaphone is revolving because
by that means the light is flashed. The semaphore blades make
ten revolutions per minute, therefore there are twenty obscurations
and flashes per minute. When the light is not being flashed, the
engineer knows the semaphore is at rest, indicating danger, and
gives at night substantially what is given in the daytime.

The signal can either be applied as an “automatic” signal or

DAY SIONALLING NIGHT SIGNALLING

Fig. 18.

Harrn Revorving SieNAL.

be operated from a signal tower. The usunal overlap, or a home
and distant signal on the same post, may be used.

Normally, the signal is in the horizontal position, signifying
danger, in the same manner as the ordinary position semaphore.
Should it from any cause fail to assume the horizontal position,
it is nevertheless a danger signal, because it is not in motion and
its mechanism stops it in the horizontal position.

The principle of revolving the signal to indicate safety is so
utilized in the above signal that the following claims are made
for it:

1. No dependence upon automatic mechanism in any part of
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the system to change the signal from the indication of safety to
that of danger. The presence of a train in the block beyond the
signal cuts out the track battery. This is electrical law, and
can therefore be depended upon. This source of power being re-
moved, the signal can only complete its last revolution. In doing
g0, it mechanically forces all mechanism in the system to the re-
quired condition of the danger indication. As the movement of
the signal indicates safety, should there be a movement to the
mechanism as above described the signal is a danger signal because
it cannot revolve. Therefore, failure from any cause can only in-
dicate danger, and it is, therefore, impossible for this signal to re-
main at safety behind a train.

2. Foreign currents (say trolley currents) cannot cause a
signal to indicate safety behind a train. This is accomplished
without extra contact points, relays, or insulated rail joints.

3. Permissive block is safe as regards the signaling system,
because it is impossible for a signal to continue at safety behind a
train.

4, Sparking by the opening of the motor cireuit is not a
sonrce of trouble, and should lightning weld any contact points
the signal can only indicate danger.

Manual Block System. Any semaphore system of blocking
trains may be operated by means of levers located in the switch-
man’s tower, and suitably connected with the signal through bell
cranks and connecting rods or steel wires, or even by compressed
air controlled by electrically operated valves, but such a system
requires the constant attendance of an operator to properly set the
signals. The physical effort required to operate mechanically con-
trolled signals limits the distance at which they may be placed
from the tower, and in case of compressed air it is necessary to
supply a suitable air compressor equipment for each tower. Sig-
nals when thus operated will necessarily be placed further apart,
and distant signals must be dropped from the same pole as the
home signals and placed near the tower from which they are con-
trolled. In this instance the signals are so placed that the sections
they control overlap, that is, a certain short section will be con-
trolled by two signals, one at the beginning of the block, and the
other at the beginning of the next block, so that if a train should
break down immediately after passing a signal the preceding sig-
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nal could not clear ; thus an approaching train would be sufficiently
warned to prevent its colliding with the disabled train.

Interlocking Signals. The function of all fixed signals, no
matter by what name they are called, is to inform the engineer
whether or not he may run past the signal, and if he is allowed
to pass, on what conditions may he proceed. The engineer de-
pends entirely upon the signal, and is guided in handling his train
by the position of the signal before him. In order to prevent the
signalman from giving a clear signal simultaneously to two trains
moving in opposite directions the interlocking system was devised.

Interlocked signals are operated from an elevated signal
tower by means of rods or wires supported near the ground at
regular intervals by ground rollers. Two wires are as a rule used,
the first wire being the signal at clear, and the second, or return
wire, is used in order to make sure the proper return of the signal
to the normal or stop position, although the counterweight alone
should perform this function.

Requirements of Interlocking. TIn order to secure a reasonable
degree of safety, it is essential that the following requirements
be met:

All derails, movable frogs, locks, switches and home signals
should be worked by pipe; signals worked by wire should have
two wires, front and back; all pipe and wire lines should be auto
matically compensated for changes in temperature; all derails,
movable frogs and facing point switches should be provided with
duplex facing point locks, so arranged that the normal plunger
cannot lock the switch reversed, and wvice versa; all cranks and
pipe compensators should be fixed on rigid foundations set in best
quality concrete; no facing point switch more than 600 feet from
the cabin should be taken into the system; no lever should be
overloaded by putting on it such a number of switches or bars as
to prevent a man of average strength from throwing it with one
hand.

The general arrangement of interlocked switches and signals
is the same no matter how complicated the system may be, the
main function of the interlocking feature being, as mentioned
above, to prevent the display of conflicting signals.

Interlocking Machines. The interlocking machine, as shown
in Fig. 20, consists principally of as many levers placed side by
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gide on a common shaft as are necessary to move the switches and
signals. Two switches may be moved by a single lever, and two or
more signal arms on the same position as near it may be operated
by the same lever, the position of the switch connections being
made to govern the switch of the arm to be moved. The operator
grasps a lever primarily to pulling and lifts the latch rod, and in
so doing turns the locking shaft on its axis, the latch acting

II

Fig. 20.

Jounson INTERLOCKING MACH INE.

through the link. This moves one of the interlocking bars length-
ways, and by means of cross locks obstructs the movement of some
other bar. This operation, called preliminary locking, insures that
no lever shall be pulling until all conflicting levers are fastened in
a safe position. The latch, having performed its locking function,
and having interlocked the lever, is pulled over and the latch is
allowed to drop, after which it may be moved to the position
desired.
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To convey a clear idea of the operation of the locking, in an
interlocking machine, it will be necessary to give an explanation
of preliminary latch locking. A lever in a machine is held in posi-
tion until the latch rod foot has been raised above the quadrant by
the raising of the latch handle. Through the rocker and locking
shaft this movement of the latch handle imparts one-half of the full
throw to the longitudinal locking. This, in turn, actuates the
cross locking and locks all conflicting levers that before this action
were unlocked. It keeps locked all levers that should remain
locked until the lever is moved to its opposite position and the
latch rod foot has, by the lowering of the latch handle, engaged
with the stop on the quadrant. This holds the lever in position
and completes the throw of the longitudinal locking. When a sig-
nalman desires to operate a lever, he raises the latch handle. This
imparts an upward motion to the latch rod and rocker die and
gives the rocker one-half of its full throw. The rocker transmits
an upward motion to the universal link. This, through the
medium of the crank, turns the locking shaft. Turning the lock-
ing shaft gives, through the locking bar driver, one-half of the
throw to the longitudinal locking; and this, in turn, gives the full
throw to the cross-locking. When the lever is fully moved to the
opposite position, the latch spring forces the foot of the latch rod
into engagement with the stop on the quadrant, thereby imparting
the other half of the throw to the rocker, and consequently to the
longitudinal locking. It can readily be understood that throwing
the lever does not transmit any motion to the locking, and that it
is impossible to release a lever which should not be thrown because
the latch cannot be raised. As very little power can be applied to
the latech handle, the strain on the locking is small compared with
that in machines where the locking is actuated by the movement
of the lever.

Dog Charts. A dog chart is a diagrammatic representation
of the mechanical locking for an interlocking machine, and is
used as a working plan in making up and fitting the locking. Be-
fore proceeding to make a dog chart, it is necessary to ascertain
from the locking sheet whether or not any two or more levers lock
any other lever or levers in certain positions. Dog charts for inter-
locking machines are made to suit the conditions. Fig. 21 repre-
sents a dog chart for a cross-over on double track.
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The long horizontal lines represent the locking bars, and are
numbered in the order in which they are placed in the machine,
commencing with the one next to the levers. A small circle drawn
on this line shows by which lever the bar is worked and where the
connection is made. Locking brackets are numbered to correspond
with the levers., C'ross locking is stamped with the number of the
bracket in which it is to be placed. It is also stamped at each end
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SaxBy Axp FarmER’s Docenart axp Lookixg SHEET.

with the number of the locking bar under that end. This is done
in order that the bars and cross-locking may be easily replaced in
the machine if they have been removed for any reason. The cross-
locking is represented as being placed close to the dog by which
the locking is performed; the clearance necessary to allow it to
be moved is left next to the other dog. This is done in order to
facilitate reading of the dog chart by showing which lever does the
locking. When one lever locks two or more levers the cross-lock-
ing is notched for as many dogs as there are levers to be locked.
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Reversal of the locking lever forces the cross-locking over against
the dogs of the other levers and locks them. If one of the other
levers has been reversed, the cross-locking will strike against the

E 216 dog of that lever and prevent the lever from being reversed.
sixioze| loly Locking Sheets. A locking sheet is an arrangement used by
AR the signalman which gives in tabular form a statement of the
E 2 [isie s locking operations which are provided for in a given interlock-

ing machine. It shows the sequence in which levers must be locked
and unlocked preparatory to giving clear signals for each route in .
the plant. An interlocking plan and locking sheet for cross-overs

Fig. 23.

.20
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Stor AxD ProoeeEp Positions oF Oxe-ArM SEMAPHORE INTER-
LoCcKING HoME SIiGNALS.

on a four-track road, using double-slip switches with movable joint
frogs, is shown in Fig. 22.

Semaphore Interlecking Signals. The various signal indica-
tions are arranged so that they all show the same consistent mean-
ing, whereby only one train can occupy the same place at the same
time. Figs. 23 and 24 represent a one-arm semaphore interlocking
home signal, Fig. 23 representing stop, and Fig. 24 proceed.
Figs. 24 and 25 represent a one-arm semaphore interlocking dis-
tant signal, in which Fig. 25 represents cantion, and Fig. 26 rep-
resents pmceed. Figs. 27, 28 and 29 represent a two-arm sema-
phore interlocking home signal, and Figs. 30, 31 and 32 repre-
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InTERLOCKING PrAN AND LookING SHEET FOoR A CROSSOVER oN A Four-Track Roap.




