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PREFACE

It is the purpose of this book to collect from various sources
that which is already in use 1n common practice in the ﬁefd
railway signaling and to present it in text-book form suitable for.
the beginner in his study of this subJect Much of the descnptlve
material and many of the drawings were furmshed by the vamous
signal and supply companies specially for this book. Other
descriptions and drawings were taken from catalogues and
descriptive literature issued by these companies. I have not
included any thing concerning specifications for the construction,
installation and maintenance of materials. This is a volurhinous
subject in itself; besides, specificationsfor practically everyitem of
equipment that enters into railway signaling are provided for in
the Manual of the American Railway Association, Signal Section.

In a few cases, I have quoted from the Proceedings of the
American Railway Engineering Association, from the Signal
Dictionary and from the Railway Signal Engineer. As I have
drawn so largely from the Proceedings of the Railway Signal
Association, it might be pertinent to state briefly that in its
early days the organization was known as the Railway Signaling
Club. Later it changed its name to the Railway Signal Associa-
tion; and recently during the time when the railways were under
the supervision of the Director General of Railroads, United
States Railroad Administration, the organization amalgamated
with the American Railway Association and took the name which
it still retains, the American Railway Association, Signal Section.
I might state in this connection, also, that the Manual and all the
Proceedings of the organization under both the old and new re-
gimes may be obtained from the Secretary, Mr. H. S. Balliet, 75
Church St., New York.

I want to express my appreciation for the help received from
all sources, for the material furnished, for the suggestions offered
and for the corrections made in the preparation of the manu-
seript. I am especially indebted to the Union Switch and Signal
Company, the General Railway Signal Company, The Federal
Signal Company, and the Hall Switch and Signal Company for
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RAILWAY SIGNALING

CHAPTER 1
PRELIMINARY

3

1. Introductory.—i/Practica,lly the only purpose a railroad has
is to give train service to the public and its industries; and
whatever will facilitate and expedite train movements to the best
advantage to serve this purpose with a reasonable expenditure of
capital will work to the best interests of the public generally.
As the number of trains increases and their speed, weight, and
length grow greater in the effort to handle the continually increas-
ing volume of traffic, the demands for safe and efficient methods
of train operation become more urgent. A great many factors
enter into the success of railroad transportation, among which
are the motive power and train equipment, the track and road-
way, the signal systems and methods of despatching trains, and
the personnel of the employees from the office boy to the manager.
This text deals only with signaling; and the reader should bear
in mind that signaling is a means to an end and not the end
itself.

2. History.—An early history of railway signaling in America
written by Mr. J. A. Anderson and published in the March 5, 1909
issue of the Railway Age Gazette and reprinted in the 1909 Volume
of the Proceedings of the Railway Signal Association{ gave (1870
as the date for the first interlocking plant and 1863 a8 the date -
for the first block system. The interlocking plant was installed
at Trenton, N. J., on the line of the United New Jersey Canal
and Railroad Companies, afterwards leased by the Penusylvania
Railroad Company. The machine was built by Saxby and
Farmer of London after the same pattern as those they had built
and installed on lines in England. It was built principally as
an experiment, and from this humble beginning the interlocking
plant has been installed wherever impértant railroad crossings
and terminals have been established.

Pt



VA 7 SN RAILWAY SIGNALING

The block system was introduced by the same company on the
line between New Brunswick and Philadelphia. A form of block
signaling had been proposed in England as early as 1842, but its
adoption in that country generally was very limited for a number
of years afterwards. The system established in America gave
positive indications by means of signals, and went a long way in
eliminating many of the difficulties involved in the older foreign
systems.

In the early days practically all of the signal appliances were
of a mechanical type, more or less simple in construction, and
did not require men especially trained for their maintenance
and operation. Improvements were made from time to time to
keep pace with the demands of transportation. The public

- saw in signaling possibilities for greater safety; the railroads saw
opportunities for both safety and efficiency in operation. Later,
electricity was applied to solve the signal problems, and it became
a potent factor in the growth of the signal industry. More and
more was it utilized to replace the human element in signal
operation. As the systems grew, organizations grew with them.
As the equipment became more complicated, there came the
demand for specialists, men who were better trained, and who
could give all their time and attention to this particular kind of
work. Power interlocking was introduced and the track circuit
became well established. Gradually a reliable system has thus
been developed to meet the needs of the situation. Interlocking
appliances have been made better and automatic block systems
perfected until accidents rarely occur on account of signal
failures. The service has been so improved that many roads
have been able largely to eliminate the train order as a factor in
despatching trains.

3. Organization.—The field of signal engineering is a distinct
one and embraces construction, installation, operation and
maintenance of railway signals. The equipment is practically
all made by signal manufacturers and is bought by the railroads
at a unit price or on a contract basis. The companies that make
the equipment may also install it, or the railroad may take the
equipment when it is delivered and install it with its own con-
struction forces. In nearly all cases the maintenance is handled
by railroad forces. i

The general type of organization that prevails on a road will
determine, in a measure at least, the particular organization of
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the signal department. In the departmental system, the signal
engineer reports to the chief engineer and has charge of all the
work of the signal department. He makes requisitions for new
equipment, has charge of all materials and supplies on hand and
directs the work of the organization. In the divisional system,
the signal engineer reports to the chief engineer as before and has
immediate charge of standards and construction. The divisional
maintenance is in charge of the signal supervisor who reports
directly to the division superintendent or division engineer. In
this connection he is assisted in an advisory way by the signal
engineer. The following article written by Mr. A. G. Shaver
and published in the September, 1917, issue of the Signal Engineer
states some of the requirements for success as a signal engineer
and outlines a typical signal department organization:'

“Four qualifications are indispensable in every man that he may be
a good signal engineer; he must have had experience in railway signal-
ing; he must have a technical education; he must be a good executive,
and he must have a general knowledge of railroading. Any signal
engineer who does not have an intimate knowledge of signaling, such as
one gets from actual service as laborer, skilled workman, foreman or
maintainer, is not only greatly handicapped, but is more or less inefficient
to his company. The technical education need not be that acquired by
a course in college, though that is an advantage; it must include a
very complete knowledge of the general principles of electricity, an
understanding of mechanics and a familiarity with those features of
civil engineering concerned in railroad construction. Since the job of
signal engineer on most railroads carries with it a command over men,
executive ability is necessary for effective results. In railroading a
knowledge of construction, maintenance and operation is needed. The
construction of the railroad and the signaling must harmonize and be
maintained and operated together; it is particularly necessary to know
how trains are run and what the facilities must be for trains to be
operated to the best advantage.

““Signal departments vary considerably in make-up and jurisdiction,
having often been gradually built up from some old arbitrarily established
basis and having to meet conditions peculiar to the railroad itself.
There are, doubtless, few signal department organizations entirely
satisfactory to the signal engineer in charge.

“An example of a suitable signal department organization for a large
road is shown by the diagram Fig. 1. The assistant signal engineer,
the general inspector, the superintendent of signal construction, the chief

1 Page 276.
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draftsman and the chief clerk all report to the signal engineer. The
assistant signal engineer is in authority next to the signal engineer and
has charge of all matters pertaining to maintenance and operation and
the preparation of standards and specifications. The general signal
inspector has supervision over all inspections, investigations, tests,
experiments, educational matters and the signal shop. The superin-
tendent of signal construction has charge of all work of construction,
reconstruction and changes. The chief draftsman has the preparation
of estimates and drawings, the designing of circuits and apparatus and,
under the assistant signal engineer, the making of standards and speci-
fications. The chief clerk has authority over the force and business
of the office, including accounts, statistics, reports, payrolls, ete. The

Signal Engineer
Chief Clerk Asst. Signal Supt. Signal
. Engineer Coastruction
| Office Force | General Chief Construction
Inspector Draftsman Foremen

| 1
[Cinspectors || [Tests | Drafting Construction
Superintendent Force Forces

1

I Signal Shop I
Educational
Work
Signal I
Supervisor

Maintenance |Towermen|
Forces

Fig. 1.—A typical signal department organization. (Ratlway Signal Engineer.)
[

signal supervisor reports to the superintendent in all matters pertaining
to the maintenance and operation of signals and to the assistant signal
engineer on technical matters, special reports, special requisitions and
those things not covered by standards and approved practices; he is
appointed by the superintendent on approval of the signal engineer.
The signal engineer gives to the superintendent general and special in-
structions concerning maintenance and operation of signals, confers
with him regarding new construction proposed and authorized and as-
sists to get efficient results from the signaling in service.

“On a small railroad this organization may be varied to suit condi-
tions. Ordinarily the signal engineer would have direct authority over
the maintenance and operation of signals as well as construction and
other matters, and his organization might be curtailed as to the number
and assignment of subordinates. Indeed, a railroad may be so small,
as to the amount of signaling it has, as not to need a signal department
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at all. The care of its signal work could be given over to some existing
department having work of a like nature and expert service hired as
required.”

4. Rules for Signal Supervisors and Signal Foremen.—In
order to establish a high grade of uniform practice among signal
supervisors and their foremen, the following rules were prepared
and written in the Manual of the American Railway Engineering
Association:! -

RULES GOVERNING SIGNAL SUPERVISORS

1. Signal Supervisors shall report to and receive instructions from the
(Title)

2. They shall be responsible for the safe condition-and proper maintenance
of signals and interlocking plants. They must make temporary repairs
of such defects as may endanger or delay the movement of trains, and
promptly report defective conditions to the (Title)

3. They must make frequent inspections of signals and interlocking plants
and have necessary repairs made as promptly as conditions require. They
must see that all failures of signals and interlocking plants are promptly
investigated and report made on Form No. ......

4. They shall, as necessary, employ men for carrying out the duties for
which they are responsible.

5. They must know that foremen are familiar with the operating rules
in regard to train signals and flagging, and that they fully understand and
comply with them.

6. They must, in case of damage to signals or interlocking, promptly as-
semble forces, tools and materials, and make necessary repairs.

7. They shall investigate and report on accidents which may be attri-
butable to defects in, or result in damage to, the signal apparatus.

8. They shall conform to the prescribed standards and plans in the execu-
tion of work under their charge.

9. They must know that foremen are supplied with tools and materials
necessary for the efficient performance of their duties, and see that these
are properly used and cared for.

10. They must not, except by proper authority, permit experimental
trials of appliances or devices, nor give out information of the results of
any trial.

11. They shall keep themselves informed in regard to all work performed
in their districts by contractors, or others who de not come under their
charge, see that nothing is done by them that will interfere with the safe
operation of signals, and report promptly to the (Title)
if the work is not done in accordance with the prescribed standards.

12. They shall have immediate supervision of work-train service for the
maintenance of signals and interlocking plants in their districts, and em-
ploy such service only when authorized by the (Title)

1 Page 430, 1915 edition.
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?3. They must know that foremen are provided with the rules, circulars,
forms, special instructions and safety regulations pertaining to their duties,
and that they fully understand and comply with them.

RuLes GOVERNING S1GNAL FOREMEN

"1. Signal Foremen shall report to and receive instructions from the
(Title) ;

2. They shall be responsible for the proper inspection and safe condition

of signals and interlocking plants under their charge, and shall do no work

thereon that will interfere with the safe passage of trains, except under proper

protection.

3. They must make such inspection of the signals and interlocking plants
in their districts as the (Title) may. direct, and report
all defects found on Form No.

4. They shall employ men as the (Title) directs.

They must treat employees with consideration, and se¢ that they properly
perform their duties. They must discharge men who are incompetent or
neglect their duties, but in no case shall they discharge men without cause.
They must keep the required records of the time of their men and of the
materials used.

5. They must each have a copy of the current timetable, and be thor-
oughly familiar with the rules and regulations therein, and with the time
of trains over their districts. They must carefuly observe signals dis-
played by all trains, and assure themselves, before obstruct ng track, that
all trains and sections due have passed. No notice will be given of extra
trains, and employees must protect themselves as prescribed by the rules.
Foremen must provide themselves with reliable watches, and, when pos-
sible, verify time daily with a standard clock or with the watches of other
employees who are required to have the standard time.

6. They must, in case of damage to signal or interlocking apparatus in
their districts, promptly proceed to the place with the men, tools and mate-
rials at their command and do all in their power to make necessary repairs.

7. They shall investigate and report on accidents which may be attri-
butable to defects in, or result in damage to, the signal apparatus.

8. They shall conform to the prescribed standards, plans and specifica-
tions in the execution of the work under their charge.

9. They shall be responsible for the proper care and use of tools and mate-
rials necessary for the efficient performance of their duties, and shall make
requisition to the (Title) from time to time as additional
supply becomes necessary.

10. They must not, except by proper authority, permit experimental
trials of appliances or devices, nor give out information of the results of
any trial.

11. They must not make nor permit any permanent rearrangement or
change in the signals or interlocking plants without proper authority.

12. They must thoroughly understand the rules, circulars, forms, special
instructions and safety regulations pertaining to their duties, and see that
they are complied with.
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6. Commissions.—The Interstate Commerce Commission and
State Railroad or Public Utilities Commissions are vitally inter-
ested in railway signaling, but their interest lies wholly on the side
of safety. In its early days the Interstate Commerce Commis-
sion gave attention to investigations concerning safety in signal
systems, and in 1907 it established a Block Signal and Train
Control Board. This Board was charged with a number of
duties, among which were those of making investigations in
regard to block signals, automatic stops and cab signals, and other
devices that were produced with the idea of promoting safety in
railroad operation. As block signals had been in service for a
sufficient period to be made successful in operation, the Board
gave a large share of its attention to automatic stops and cab
signals. For a number of years automatic stops have been used
on subway, elevated and other electric lines, but their application
has not yet been extended generally to steam roads. The Block
Signal and Train Control Board passed out of existence in 1912,
and their work was then handled by the Division of Safety of the
Interstate Commerce Commission. In 1917 the name of the
organization was changed to Bureau of Safety of the Interstate
Commerce Commission.

Many of the state commissions have formulated rules govern-
ing the installation and operation of interlocking plants, block
signal systems and other appliances, and have a corps of inspec-
tors to see that their requirements are fulfilled. One of the im-
portant problems that the state commissions have to face is the
question of adequate protection for vehicles where the highways
cross the railways at grade. This has become especially serious
in recent years on account of the heavy increase in automobile
traffic over transcontinental and other high-speed routes.
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CHAPTER 1I
SIGNAL INDICATIONS

Signals are used to convey certain information to trainmen
and others interested in railway operation that they may be able
to act intelligently with safety and promptness concerning train
movements. Practically all of the information given by signals
is intended for enginemen, and is generally conveyed by visual
indications. ‘‘Railway Signaling’’ is, then, that branch of rail-
way service that is engaged in installing and operating such
equipment and appliances adjacent to the track as will indicate to
an engineman whether he should advance his train or stop it. -

6. Two- and Three-position Semaphore Signal Indications.—

“The day indications are given by different positions of semaphore

arms, by colored and uncolored lights, or by dises; while night
indications are given entirely by colored and uncolored lights.
Signal indications may be either two-position or three-position.
Two-position signals require a home and distant signal. The
home signal gives final authority to the enginemen while the dis-
tant signal merely repeats the indications of the home signal;
and its funetion is purely cautionary.

In two-position semaphore signaling the home blade is made
with a square end for interlocking and with either a square end
or a pointed end for block signaling. The front of it is usually
painted red with a white stripe near its outer end and the back of
it white with a black stripe near the end. The distant blade is
made with a V-shape or fish-tail end. The front of it is generally
painted yellow with a black stripe parallel to the end of the blade,
or green with a white or red stripe. The back of the blade is
painted white with a black stripe.! A few roads that do not use
this notation, paint the front of all blades yellow with a black
stripe and the back black with or without a white stripe.

| Three-position blades are made with square ends for inter-
locking purposes and with either square or pointed ends for block
signaling. Where both square and pointed blades are used, the
square end blades indicate stop and stay when the signal indicates
stop; while the pointed end blades indicate stop and proceed at

8
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low speed when the signal indicates stop. Stop and stay is al-
ways the stop indication at interlocking plants.

The front side of three-position blades is painted red with
a white stripe parallel to the end or yellow with a black stripe.
The back side is painted white with a black stripe, or black with
or without a white stripe.

Signal blade indications are given in either the lower or upper
quadrant. Two-position signals built as such generally operate
the blade from the horizontal into the lower quadrant. Inthe case
of the home signal, the horizontal position means stop; the
inclined position, which varies from 45 to 75 degrees below the
horizontal, with an average of 60 degrees, means proceed. In the
case of the distant signal, the horizontal position means caution

Fi1c. 2.—Two-position home signal.

and indicates that the home signal is in the stop position; the in-
clined position means proceed and indicates that the home signal
is in the proceed position. An engineman may pass a distant
signal set at caution, but he must be prepared to stop at the home
signal set at stop. In the case of interlocking, he must stop and
stay, while in some cases in block signaling he may proceed after
the stop. Figures 2 and 3 show the ordinary two-position home
and distant semaphore signals.

Three-position signals may operate the blade in either the
lower or upper quadrant. The horizontal position means stop;
inclined up or down 45 degrees from the horizontal means cau-
tion, the first signal ahead is at the stop indication; up or down
90 degrees from the horizontal means proceed. Figure 4 shows
three-position lower and upper quadrant semaphore signals.

The upper quadrant signal is the latest development of blade
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indications and possesses some advantages over lower quadrant
movements, chief among which is the fact that the arm does

Fig. 3.—Two-position distant signal.

not require a counterweight to place it in the stop position.
This is of considerable importance in case of failure of signal

Fi1g. 4.—Three-position lower and upper quadrant signals.

operating mechanisms. Should sleet collect on the blade it would
tend to pull the upper quadrant signal to the stop position and
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to hold the lower quadrant signal in the proceed position. There
is little doubt, too, but that the blade giving the proceed indi-
cation in the upper quadrant can be seen farther by enginemen
than one giving the same indication in the lower quadrant.

Signal light indications in the case of two-position signals are
given by two colors in the home and two in the distant signal.
A red light in the home signal means stop, a green light means
proceed, as indicated by Fig. 2. A yellow light in the distant
signal means caution, a green light means proceed, as shown by
Fig. 3. Some roads use the combination red and white, and
green and white, for the indications. The objections raised
against the white light are that it might be confused with some
other light or might be the result of a broken roundel. In the
case of three-position signals a red light means stop, a yellow
light caution, a green light clear, as indicated in Fig. 4. Some
roads use the combination red, green, and white, but the same
objections hold against the white light. Where three-position
signals are used at interlocking plants, not in block signal territory,
the home and distant signals are wired to indicate only in the 0
and 90-degree positions, upper and lower quadrants. When
used where automatic block signals are in operation, the home and
distant signals indicate also in the 45-degree position, a caution
indication for block signaling, but proceed for interlocking.

The casting in the two-position signal is generally made with
three spectacles in which the upper two glasses, called roundels,
are the same color. The object of having the two glasses with the
same color is to give a continuous stop or caution indication
until the signal reaches the proceed position. The three-position
lower quadrant signal frequently has four spectacles, the extra
one being made to provide for two possible positions of the signal
lamp. Usually the lamp is on the side of the post, but occasion-
ally it stands on top.

7. Color Lights for Day Indications.—Within recent years it
has become the practice on many electric lines and even on some
steam roads to use lights for giving both day and night indica-
tions. - Where large and powerful lenses are used in connection
with reflectors and deep hoods, as shown in Fig. 5, the lights can
be seen for a considerable distance, even in bright sunlight. For
three-position signaling with colored lights each signal will have
three lenses, red, yellow, and green, placed vertically with the
usnal arrangement of having the red at the bottom, the yellow (
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in the middle, and the green at the top. The range of vision
varies from a few hundred feet for subway and tunnel signaling to
3,000 ft. for outdoor signaling where the light must be distinctly
seen in bright sunlight by high-speed trains. There must be
enough spread to the light so that a train crew can readily see it
as they approach it on a curve.

Fia. 5.—Color-light signal.

8. Position-light Signals.—The position-light signals first came
into use in 1915 at the time the Pennsylvania Railroad elec-
trified its line between Philadelphia and Paoli. The signal is a
modification of the semaphore to the extent that the indications
are given by electric lamps placed in rows to represent the positions
of the blade in upper quadrant signaling. Both two- and three-
position signals are used for high-speed lines with four lights in
each row spaced 18 in. apart to represent the different positions
of the signal blade.  Yellow-tinted lenses are used with the
advantage of having a longer range of vision. The lamps for
high signals are provided with deep hoods and with metal back- .
grounds. The dwarfs are provided with two lunar-white lamps
in each row constructed for a comparatively short range of vision.

Light signals require a greater current than semaphore signals
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for continuous normal clear indications, for it requires a compara-
tively small amount of energy to hold semaphores to the proceed
indication; but if lights could be wired to give their indications
only on the approach of trains, they would use a very small
amount of current and extend the life of the lamp in proportion.
There is more justification for using lights to give day indications
on roads that use alternating current for signaling or propulsion
than on those that use the battery for signaling. As the current
isalready availablein those cases, practically no additional expense
is necessary for wiring.

F1g. 6.—Position-light signal.

As there are no complicated mechanisms nor moving parts as
there are in the case of the semaphore signal, the chances for
failure are materially reduced. By having standard light indica-
tions for both day and night signaling instead of two distinct
types, the semaphore for position by day and the light for color by
night, the system becomes much simplified. The lights have
another advantage that there are no exposed parts, such as the
disc or blade to collect sleet and ice, thereby tending to obscure
the indicatiotﬂl‘he following conclusions concerning the use of
light signals are given in the 1917 volume of the Proceedings of
the Railway Signal Association:!

1 Page 10.
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First—Colored and position-light signals, for day and night use, by
| elimination of all moving parts except the control relays, reduce the
number of failures.

Second.—Light signal aspects have greater visibility and range under
adverse weather and background conditions than the semaphore, while
the close indications compare favorably.

Third—Light signals give uniform indications at all times. - Other
types of signals give the indication by position in daylight, by color at
night, and by both during transition periods. The various aspects of
the position-light signal are equal in intensity, range and visibility.

Fourth.—In general practice, the number of aspects of any one arm of
a semaphore is limited to three. With the position-light signal, four
distinctive positions may be used, while the number of indications
given by colored-light signals is limited only by the colors available.

Fifth—Where power is available, the cost of operating light signals
is less than for operating motor signals.

Sizth.—Current consumption under normal automatic signal condi-
tions:

Position-light signals: Four 5-watt lamps—20 watts.

One colored light: 35 to 50 watts.

For interlocking signals, consumption is increased depending upon
the number of lights displayed, but the ratio holds.

Seventh.—Cost of maintenance of light signals is considerably less
than that of motor signals, and, as the colored-light signal has fewer
lights to renew, it has an advantage in this respect over the position-
light signal.

Eighth.—The field for the economical use of light signals is limited,
as noted above, to points where power is available. In this field, the
light signals have advantages over other types. The position-light
signal can be installed at any location where clearance will permit the
present standard semaphore to be erected. The colored-light signal can
be used in more restricted clearances.

9. Disc Signals.—A few roads are using the disc signal for
automatic block signaling purposes. It operates as a two-
position signal, although in an entirely different manner from the
semaphore type. The day indications are given by colored discs,
a red disce for the home signal and a yellow or green one for the
distant signal. Each disc operates in an enclosed case mounted
on top of a post that stands in the same relative position to the
track as does the semaphore signal, as shown in Fig. 7. To give
the stop or caution indication, the disc swings into full view
entirely covering the opening in the front of the banjo-shaped
case, as shown by (a) and (b) of Fig. 8. To give the proceed
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AT

Fic. 8.—Disc signals.

(a). Home Signal, ®).
Stop Indication,
Red Disc,
Red Light.

(¢). Home Signal, (o).

Proceed Indication,
No Dise,
White Light.

Distant Signal,
Caution Indication,
Yellow or Green Dise,
Green Light

Distant Signal,
Proceed Indication,
No Dise,

White Light.
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Fi1a. 9.—Take siding indicators.

(Pro. R. 8. A. 1918, pages 276-277.)
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indication it swings almost, if not entirely, clear of the opening
as indicated by (¢) and (@) of Fig. 8. Just above each disc is a
light for the night indications that are given by the following
colors: (a) red; (b) green; (¢) white; and (d) white. Where two
discs appear on one mast, the upper one is generally the home
signal and the lower one the distant signal.

*

F1a. 10.—R. 8. A. take siding signal.

10. Take Siding Signal.—The take siding signal in one form or
another is used by a few roads to notify trainmen without the use
of train orders to take siding at non-interlocked switches, espe-
cially located at some distance from the operating towers. The
different types include both semaphore arms and dises. One of

the forms in service is a two-arm signal in which the lower arm is
2
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F1e. 11.—Ground signals.
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F1a, 12,—8ignal bridge.
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operated to the 45-degree position in the upper quadrant and is
marked with the words“ Take Siding” illuminated at night. One
road employs a disc case that displays a swinging disc for day
indications and a blinking light for night indications. Two
roads use a disc bearing a white letter ““S” illuminated at night,
and two use a yellow disc bearing the words ‘“Take Siding”
properly illuminated at night. Another road employs five no-
glare lights arranged in the form of an X for both day and night

Fic. 13.—Bracket signal.

indications. The signal is located in the rear of the switch, so
that the engineman must pass it before he takes the siding. Itis
controlled from the nearest tower or from the train despatcher’s
office, and is usually operated by means of the ordinary electric
signal mechanism.

11. Relative Location of Signals and Tracks.—There must be a
set of signals to govern the movements of trains in each direction.
In railway practice in America, ground signals are nearly always
located on the right-hand side of the track they govern, as indi-
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cated by Fig. 11. On one or two double-track roads where left-
hand running is the custom, they are located on the left-hand side.
In the case of semaphore signals, on steam roads, the blade
extends to the right of the post while on electric railways, the
blade may extend either to the right or to the left, depending
upon local conditions. Where there are several parallel tracks
or where there is not sufficient room at the side for semaphores,
the signals are usually mounted on signal bridges. In this case,

2

Fic. 14.—Bracket signal and doll post.

they are mounted on short poles, supported above or suspended
below the bridge directly over the tracks they govern, as shown
in Fig. 12,

Where there are two high-speed tracks for traffic in the same
direction, as in the case of the four-track line, the bracket signal
may be used as shown in Fig. 13. The inside signal governs
the inside track of the two and the outside signal the outside
track. If the outside track is a freight line where trains are run
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at a somewhat lower speed, the outside pole may be a little shorter
than the inside one.

In case there is a siding between the high signal and the track
it governs, the bracket type of semaphore may be used as before.
A bracket post signal will govern the inside track and a short doll
pole without a signal blade will represent the outside track.
This arrangement is simply to indicate that there is one track
between the signal and the track it protects as shown in Tig. 14.
A purple light is used on the doll pole at night. If there are two
tracks between the signal and the track it governs, two such doll
poles will be used on a bracket post.

Fre. 15.—Upper quadrant two-position dwarf signal.
=

Dwarf signals are used as home signals to give interlocking
indications in practically the same manner as high signals ex-
cept that they are used only where the movements of trains are
slow. The dwarf is not used at all for block signaling purposes,
neither is it used as a distant signal. An upper quadrant two-
position dwarf signal is shown in Fig. 15. Tt is the practice on
many roads to use the purple instead of the red light for dwarf
indieations. This is distinctive; and, although of short range,
it is possible to use the purple since the train movements that
it governs are necessarily slow.



CHAPTER III

INTERLOCKING

>

\ 12. Definition.—The subject of signaling naturally divides it-
| self into two phases, interlocking and block signaling. As dis-
cussed here, interlocking is the operation of an assemblage of
equipment and appliances used to govern the movements of
trains over conflicting routes; while block signaling is the opera-
tion of equipment and appliances used to govern the movements

. of following or opposing trains over the same route.

Where movements of trains on one track may conflict with
those on another, such movements are usually governed by visi-
ble signals operated by an interlocking mechanism so constructed
and arranged that there can be no conflict of signal indications.
This not only provides safety for train operation, but also expe-
dites train movements. Such ‘“an arrangement of switches, lock
and signal appliances, so interconnected or interlocked that one
movement must succeed another in a predetermined order,” is
defined by the American Railroad Association as an interlocking
plant.

13. Object.—The plant is so constructed that the control of
all the ground functions is located at one point. This provides
for a much more expeditious operation than if each function had
to be manipulated by a lever on the ground. The control equip-
ment usually is placed in the second story of the tower, which is
so located and constructed as to permit the operator to see the
entire yard. Concentrating the controlling apparatus all at one
point provides an opportunity for interlocking that would be
almost impossible if each function were handled as a separate
unit,

Up to 1919 there had been installed approximately 5,300
interlocking plants on American roads. The motives that
prompted expenditures for such equipment were based on the
idea of expediting train movements while assuring their safety.
At a railroad crossing where no interlocking plant is installed,
all trains in most states are obliged by law to come to a full stop
before they attempt to pass the crossing. The purpose of such
regulation is to require train crews to ascertain that the way is

22
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clear in order to prevent collision, and even then there is a strong
possibility of trains colliding. If there should be a number of
such crossings in succession in regions of dense traffic, the time
lost in stopping and starting would tend to intensify the conges-
tion that might arise from other sources. Where interlocking
plants are installed at crossings, however, trains are not ordinarily
required to stop. This affects a saving not only in the time ele-
ment involved, but also in the expense of operation in stopping
and starting the tra'n@) In 1905, Mr. J. A. Peabody, Signal
Engineer for the Chicago and North Western Railway Company,
obtained some analyses of the cost of starting and stopping
trains; and from the data then available he determined that a
road could economically install an interlocking plant where there
were between 16 and 20 trains a day.! While the first cost of
construction and the expense of operation of such plants have
increased since that time, the expense of train service and equip-
ment has increased in proportion so that the conclusions drawn
probably still hold true.

In the case of four-track lines where two tracks are ordinarily
given to passenger service and two to freight, the capacity of the
road may be considerably increased if the crossovers between
tracks having traffic in the same direction are interlocked. This
arrangement would permit a fast freight, for instance, safely to
take the passenger track between two points in order to pass a
slower freight without the necessity of the slower train taking
siding and waiting.

14. General Plan.—The first step in installing an interlocking
plant is to make, or otherwise secure, a plan of the tracks affected.
This should be drawn to suitable scale and should show all tracks,
switches, and railroad crossings, and all street crossings, buildings,
tanks and water-cranes that may influence the details of the
plant. The size of the scale will depend upon the complications
and local conditions, and will usually be 100 ft. to the inch. Fifty
feet to the inch may be chosen if greater detail is necessary.
The tower, signals, derails, and other parts of the interlocking
plant are then located on the map using for this purpose the sym-
bols adopted and recommended by the Railway Signal Associa-
tion, and which are shown in Appendix B. It will be noted that a
signal is laid flat on the map with the top in advance of the base
as the train it governs approaches it.

1 Proceedings Railway Signal Association, Volume L.
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Two sets of signals are required for an interlocking plant, a
home signal and a distant signal. The home signal stands just in
the rear of the derail or switch that it governs; while the distant
signal stands from 1,200 to 6,000 ft. in the rear of the home
signal. The distance between the two signals depends upon the
length of track required to stop a train and the kind of power used
to operate the distant signal. The home signal is the controlling
one and must not be passed by a train until the proper indication
is given. The distant signal is a purely cautionary function and
serves to warn enginemen of the indication that its home signal
is showing at that particular time.

On account of the heavier train equipment and the high
speed found necessary to maintain schedules, many roads that
formerly operated their distant signals mechanically with a wire
have moved them farther away from the home signal and are
operating them by electric power. This increased distance
affords greater safety in train operation with but little, if any,
more expense for maintenance. From a questionnaire sent out
by the Railway Signal Association in 1906 it was found that for
15 roads, approximately one-third of the mileage in the United
States, the average distance from the distant signal to the home
signal was 3,745 ft. and to the interlocking tower was 4,025 ft.
In 1901 the average distance from the distant signal to the home
signal was 1,444 ft. and to the tower was 1,750 ft.

In addition to signals, derails also form a very necessary part of
the interlocking equipment at railroad crossings and junctions.
A derail is a device for throwing an engine or car from the track;
and the presence of such equipment in the plant is to guarantee
that the train shall stop before it reaches the crossing should the
route not be lined up for it to proceed. The derail is generally
located about 500 ft. from the crossing, while the home signal is
placed about 58 ft. in the rear of the derail, as shown in Fig. 16.
By placing the derail this distance from the crossing there is
practically no chance for the derailed train to continue on the ties
and reach the crossing.

All signals and derails at an interlocked crossing stand nor-
mally at danger to stop traffic. When they are set against move-
ment of traffic, they are said to be ‘“normal;” when they are in
position for movement of traffic, they are said to be ‘“reversed.”
The levers corresponding to these positions are also normal and
reversed. Usually one lever is assigned to operate each function.
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15. General Order of Locking Signals and Derails.—When a
movement over a crossing is desired, the towerman first closes
the two derails on the track, then he clears the home signal on the
side Trom which the train is approaching, and finally he clears the
distant signal on that side. When a derail on one track of a
crossing is reversed, it locks the derails of the conflicting tracks
at normal. When the derails are reversed the home signal may
then be reversed, and this movement locks the derails reversed.
The distant signal is then unlocked and may be reversed, locking
the home signal clear or reversed. The levers in the tower must
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Fi1c. 16.—Single track crossing a single track.

be operated in this order, for the construction of the plant will
permit no other. To put the plant normal the functions must be
operated in the opposite order.

To have a train pass from A to B in Fig. i, the towerman
clears derails 6 and 10. This locks derails 8#nd 12 open. He
then clears the home signal 2, which locks'6 and 10 closed, and
13 normal. He finally clears distant signal 1, which locks 2
clear. To set the track to normal again the towerman sets
distant signal 1 to caution, then home signal 2 to the stop
position, and finally opens derails 6 and 10.

In order to line up a route through an interlocking plant, there-
fore, all the derails on the route must be reversed, locking those
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on conflicting routes normal. Clearing the home signal then
locks all the derails in the route reversed and all opposing direc-
tion signals normal. Finally, clearing the distant signal locks
the home signal reversed.

16. Locking Sheet.—A locking sheet is a tabulated statement
of the order in which the levers of any particular plant interlock
one another. In the locking sheet shown in connection with Fig.
16, the levers in the first column are all understood to be reversed.
Those in the second column that are reversed are shown as such
by drawing a circle around them;otherwise they are understood
to be normal. The chart reads:

Lever 1 reversed locks lever 2 reversed;

Lever 2 reversed locks levers 6 and 10 reversed and 13 normal:

and so on to the bottom.

The numbers on the funections correspond to the numbers on
the levers in the tower; and since interlocking machines are
built with lever spaces in multiples of four, it is well to distribute
the extra spaces through the middle of the machine for additional
levers that may be added later.

PEVERSED LocKs
5 @ w @
LEVER WHEN LOCKS
5 @ @

Fic. 17.—Form of sheet for special locking.

If there are levers that operate special locking, the sheet must
include them also. The usual form of expressing such lock-
ing is as shown in one of the forms in Fig. 17, which in each
case reads lever 5 reversed locks 4 reversed when 7 is reversed.

When facing point locks, designated F.P.L., are used to lock
the derails and switches, the two locks on the same route at a
crossing are generally thrown by one lever and the two derails by
another. In the case of switch and lock movements, designated
S.L.M., one lever in a mechanical plant is generally assigned to
each derall or switch, although two may be assigned where power
is used.

If facing point locks were used in Fig. 16, the numbering and
locking would be as shown in Fig, 18. A single track crossing a
double track where switch and lock movements are used, has a
locking sheet as shown in Fig. 19. Back-up movements, or
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those that run counterwise to the normal direction of traffic, are
governed by dwarf signals. Otherwise the installation is the
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Fic. 18.—Facing point locks.
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F1a. 19.—Single track crossing a double track.

same as for a single-track crossing. The derails for the dwarf
signals are generally located about 250 to 300 ft. from the crossing.



28 RAILWAY SIGNALING

17. Diverging Routes.—There are many cases of diverging
routes that require more than one signal on a post. In some
instances the diverging routes are high-speed lines and in others
they are low-speed lines. Where two high-speed lines diverge
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Fic. 20.—High speecll diverging routes.

there is a home signal and sometimes a distant signal for each
route, although generally there is only one distant signal. Fig-
ure 20 shows an arrangement for two high-speed diverging routes.
The upper blade of the two-arm signal governs the superior route,
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TFig. 21.—Single track and turnout.
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which is usually the straight one, while the lower blade governs
the inferior route, which is generally the diverging one. In the
Railway Signal Association standard the lower blade stands 22
ft. 6 in. above the foundation and the upper one 7 ft. higher.

'Ax‘
Fia. 22.—Single track and two low speed diverging routes.

Whenever a very low-speed route diverges from a main line,
the high-speed route may be governed by a high signal, while the
inferior route may be governed by a dwarf signal placed either
on the lower portion of the high signal post or on the ground at the



INTERLOCKING 29

base of the post. Figure 21 shows an arrangement where the
two blades are on the same post. When the dwarf signal is
cleared, the high-speed home and distant signals are respectively
in the stop and caution positions. The inferior or low-speed
route may be a cross-over, a transfer, or a spur. The dwarf

] L, B,
"?—'?\ .,

Fic. 23.—Trailing point crossover.

signal on the siding is to govern trains moving from the siding to
the main track. _
" Where there are two or more inferior routes diverging within
a comparatively short distance, the common practice is to have a
. set of high signals to govern the main line and a dwarf all of the

2

Fic. 24.—Single track crossing and high speed diverging route.

others. In Fig. 22 the dwarf may govern either of the diverging
routes. It will show a clear indication when any of the diverging
routes is lined up.

As the dwarf signal is low, the engineman can see it only a
short distance ahead and therefore he is required to reduce his
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speed and to keep his locomotive under control as he approaches
the turnout. On the other hand, the blade must be high in the
case of high-speed routes in order that the engineman may see
it at a distance. Besides requiring the engineman to check his
speed, the dwarf signal has two other advantages: (1) that it is

—2

Fie. 25.—Single track crossing and transfer track.

much cheaper than the high signal; (2) that it can always be
placed next to the track it governs, even between tracks if
necessary. -

Figures 23 to 26 inclusive illustrate additional cases of route
signaling.

" A i

Fi1a. 26.—Double track diverging routes.

18. Movable Bridge Interlocking.—Viewed from the standpoint
of train movements, the question of horizontal and vertical align-
ment of the track at each end of the bridge is the most serious
that comes up in connection with drawbridge operation. The
bridge when properly closed not only must be so placed that the
track centers are continuous, but also it must be so seated that
the top of the rail is continuous. For this purpose end lifts are
required for horizontal swing bridges to place the rails to the
proper surface and locks to secure them in this position and also
in proper alignment. Locks are necessary also for lift bridges in
order to secure the continuity of the track.
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The rail ends may be cut either mitered or square. In case of
mitered joints the full thickness of the web of the rail should
continue to the end of the point. The point should be placed in
a trailing position at each end of the bridge on double track and
in a trailing position towards the center of the bridge on single
track. Some sort of provision should be made, as for instance
the addition of an easer rail on the outside of the joints, to support
the train wheels across the gap between the bridge rails and the
approach rails.

Signals are used to protect movable bridges in practically the
same manner as railway crossings. The interlocking machine is
frequently placed on the bridge itself. The interlocking should
be so constructed that the bridge should be locked in alignment
for traffic before the signals can be cleared; and conversely, the
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F1c. 27 —Drawbridge interlocking.

signals should all be locked at the stop position when the bridge
is open. Where mechanical interlocking is employed the con-
nections between the pipes on the bridge and those on the roadbed
are made by means of couplers. The order in which the tower-
man operates the functions to close a bridge and line up the
route for trains is: motor, bridge locks, couplers, derails, facing
point locks, home signal, and distant signal. Each one reversed
locks all those in front of it reversed. There is, then, no possi-
bility of opening the bridge until every signal and derail is set at
the stop indication. In order to open the bridge the levers must
be placed normal in exactly the reverse order. Figure 27 gives
a plan of the signal and derail arrangement together with a lock-
ing sheet for a single-track swing bridge. The derails are placed
at least 500 ft. from the bridge so that the derailed trains cannot
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run into the stream. Usually each derail and facing point lock
has its own lever to guarantee safety in operation. In the case of
double-track lines the derails for back-up movements should be
not less than 300 ft. from the bridge.

|
0 G

S = *muﬂm’

Frc. 28.—Drawbridge interlocking.

19. Requirements for the protection of traffic at movable
bridges as defined in the Proceedings of the Railway Signal
Association in 1916:

The protective appliances at drawbridges consist in devices for insur-
ing that the bridge is in proper position, and the track in condition for
the passage of trains over draw, or for reduction to a minimum of the
damage in case of trains not stopping when track is not in condition
for passage of same over draw; also the usual devices for protection
against damage in case of derailment.

The protective devices may be classified under the headings:

(a) Interlocking power and bridge devices.

(b) Bridge surfacing, aligning and fastening devices.

(¢) Rail-end connections.

(d) Signaling and interlocking.

(e) Guard rails.

(a) Interlocking Power and Bridge Devices.—Interlocking the draw-
bridge devices so that their movements must follow in a predetermined
order to protect the drawbridge machinery.

(b) Bridge Surfacing, Aligning and Fastening Devices.—Drawbridges
should be equipped with proper mechanism to surface and align them
accurately and fasten them securely in position. This condition can
be secured by the use of efficient end lifts in case of swing bridges, and
by proper end locks in case of lift bridges.

(¢) Rail-end Connections—Rail ends may be mitered or cut square.
Mitered rails where lapped should retain the full thickness of the web
to the points. The points should be trailing to normal traffic where
possible; on single-track bridges the points should be trailing to traffic
entering the movable span.

Where rail ends are cut square or mitered and not lapped, they should
be connected by sliding sleeve or joint bar or by easer rails to carry the
wheels over the opening between the end of bridee and approach rails.



INTERLOCKING 33

(d) Signaling and Interlocking.—If trains are to proceed over draw-
bridges which are in service, without first stopping, interlocking should
be installed which will provide that the drawspan, tracks and switches
within the limits of the plant are locked in the proper position.

This will require:

1. Locking drawbridge devices.

2. Locking providing for the proper order of operation of signaling
devices, such as signals, switches and derails.

This interlocking will require the following order of operation:

Berore OpPENING A DRAWBRIDGE BEFORE OPERATING TRAINS OVER
DRAWBRIDGE

1. Display stop signals. 1. Lock bridge and rail devices.
2. Unlock rail and bridge devices. 2. Display clear signals.

Since there are various types and designs of drawbridges and various
drawbridge devices for each of the types, and also various designs and
types of signaling devices, as well as various locations, from which they
all may be interlocked and operated, a typical example only of the detail
order of operations is given; viz., a swingbridge with all its devices
operated from one location on the drawspan, having home and distant
signals, derails, ete.

To OrEN DRAWBRIDGE To Pass TrRaiNs OVER DRAWBRIDGE
1. Display stop signals. 1. Close bridge.
2. Unlock derails. 2. Insert bridge surfacing, aligning

and fastening devices.
3. Open derails. . Insert rail-end connections.
4. Uncouple interlocking connec- 4. Operate power-controlling device

W

tions. to position preventing applica-
tion of power to bridge ma-
chinery.
5. Unlock rail-end connections. 5. Lock bridge surfacing, aligning

and fastening devices.
6. Unlock bridge surfacing, aligning 6. Lock rail-end connections.
and fastening devices.

7. Operate power-controlling de- 7. Couple interlocking connections.

vice to position permitting ap-

.plication of power to bridge

machinery.
. Withdraw rail-end connections. 8. Close derails.
. Withdraw bridge surfacing, 9. Lock derails.

aligning and fastening devices.
10. Open bridge. 10. Display clear signals.

3

© 0o
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Derails—The above example of order of operation includes derailing
switches, but their use is not recommended in all cases. Each situation
must be given special study with respect to (a) the use of derails, smash
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boards or similar devices; (b) their location with respect to drawspan;
and (c) the use and length of guard rails.

(¢) Guard Rails.—Guard rails should be provided as for fixed bridges,
except for the necessary breaks at the ends of the movable span. Ob-
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struetion to derailed wheels which are guided by the guard rails should
be reduced to a minimum.

(f) Rail Attachments.—The rails and attachments should be separated
from the metallic structure so track circuits may be successfully operated
the entire length of the bridge.

(g9) Bridge Devices.—The various bridge devices should be so designed
that Railway Signal Association interlocking apparatus may be used.

(k) Locking.—Electric and time locking are regarded as adjuncts.

20. Track Diagram and Manipulation Chart.—A track dia-
gram and a manipulation chart are usually placed in each tower
for the benefit of the signalmen. The track diagram is a plan of
the track layout showing the relative positions of the switches,
derails, and signals with the number assigned to each that
corresponds to the lever that operates it; the manipulation chart
shows the order in which these functions must be operated to
line up a certain route. The diagram and chart are made on
rather a large scale and are hung on the front wall of the tower so
that the signalmen can see them as they stand to manipulate
the levers. A typical track diagram and manipulation chart
are illustrated in Fig. 29.



CHAPTER IV

MECHANICAL INTERLOCKING

INTERLOCKING MACHINES

21. General.—Two kinds of interlocking plants are built—
mechanical and power. In the mechanical plant, the levers are
operated by hand; and the movements are transmitted by hand
power to the switches, signals, and derails by means of pipes,
wires and other mechanical appliances. In the other type the
levers are operated by hand, but they are so constructed as to
bring into action some kind of power to operate the switches,
signals, and derails. The power most commonly used is air or
electricity, or a combination of the two; and such plants are
known as pneumatie, electrie, or electro-pneumatic.

The levers of an interlocking plant are arranged in a row across
the second floor of an interlocking tower parallel to one set of
tracks in the plan. The front of the interlocking machine is the
side on which the towerman stands while he operates the levers.
The levérs are numbered from the left to the right of the tower-
man as he stands in position to operate his machine. The
location of the levers in the machine should correspond somewhat
to the respective locations of the functions on the ground. In
the case of the railroad crossing, those signal levers that stand
nearest together on the ground should be grouped nearest
together in the machine. Usually the signal levers are on the
ends and the switches and derails between. The arrangement
of the levers should be such as to cause the signalman to walk
back and forth as little as possible to manipulate them.

The mechanical machines may have either horizontal or
vertical locking. The horizontal type is known as Saxby and
Farmer; the vertical has three similar designs, Standard or Style
A, Johnson, and National. Most of the vertical locking plants
in use have Style A machines.

22. Horizontal Locking.—Figure 30 illustrates an eight-lever
Saxby and Farmer interlocking machine, while Fig. 31 shows it
more in detail. The figures used in the explanation of the system

: 36
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Fia. 31.—Saxby and Farmer interlocking machine.
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of horizontal locking refer to the sketch in Fig. 32. Lever 1
is pivoted near its lower end at 3 and is shown in the sketch in
its normal position. Rocker-link 5 is pivoted at its center 4.
The back end of this rocker-link is connected by means of the
universal link 6 to the locking shaft crank 7, which in turn is
rigidly fastened to the locking shaft 9. Horizontal locking bar
10a is connected to locking shaft 9 by means of the locking bar
driver 8. As the towerman pulls on latch 2 of lever 1, he lifts for

@D 9 100

,//§ g"Cross-lock
3 10b

Dag”

F16. 32.—Saxby and Farmer locking.

one-half its throw, the back end of rocker-link 5. This movement
is transmitted to bar 10a which is thus driven half its throw.
The dog riveted on top of bar 10a makes miter contact with cross-
lock 11, and the half throw of bar 10a gives full throw to 11,
making contact with the dog on the other horizontal locking bar
10b and locking it in its normal position.

The lever is then thrown over to the opposite end of the rocker-
link as shown in Fig. 33; and as the latch is released and comes
into proper position, it imparts the other half of the movement to
the horizontal locking bar. While the movements of the signals
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and switches are made by the lever, the movements of the locking
are all made by the latch. This is known as preliminary or latch
locking, and is very fundamental in the construction and opera-
tion of the machine. This insures that not only must the lever be
placed in its full normal or reverse position, but that it also
must be locked in this position before any other levers can be
unlocked. Furthermore, with this arrangement the signalman
can apply only a comparatively small
amount of pressure against the lock-
ing bed; whereas, if the lever, itself,
were connected directly to the lock-
ing he might be able to apply enough
force to cause the locking to break
or fail.

The locking shafts, locking bars,
dogs, cross-locks, and brackets
assembled in working order con-
stitute what is called the locking
bed. The locking bars are 14 by 34
in. in section and are arranged in
pairs. The pairs have 2§ in. clear
space between them. Most of the
machines are constructed with half
as many brackets as levers and they
are spaced to come between the lock-
ing shafts and not directly above
them. The cross.-locks may ex’Fend SRl 3t g Baner
between two locking bars or entirely interlocking machine.
across the bed depending upon the
particular locking construction. The cross-locks are 34 in.
square in section and have a throw of 3§ in. When the lever is
normal, the locking bar stands as far to the right as it is possible
to go; when the lever is reversed, the bar stands as far to the left
as it is- possible to go, moving from one position to another
through a distance of 134 in.

23. Special Locking.—Special locking is applied to the Saxby
and Farmer machine by having a long crooked dog fastened to the
locking bar in such a manner as to permit it to swing about one
end. This is called a swing dog or ‘““when’” dog. The cross-lock
is made in two pieces, one on each side of the swing dog. The dog
on one locking bar will drive the cross-lock to engage another
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when the swing dog is in place between the two sections of the
cross-lock. That is, dog 1 reversed will lock 2 normal when
swing dog 4 is reversed. When 4 is reversed it makes the cross-
lock practically continuous, for 4 can swing about its pivot P,
Fig. 34. If 4 is not reversed, reversing 1 will have no effect on 2.
Figure 35 shows the different forms of dogs used in the Saxby and
Farmer machines. Numbers

{ e ; ¢
L looo — 1 1 to 13 inclusive are locking
—————7 y dogs; 14,' 16, and 18 are left-
L \9 P — J hand swing dogs; 15, 17, and
= ohan —— 19 are right-hand swing dogs;
I — 1 20 is a swing dog trunnion;

F1c. 34.—Special horizontal locking. 21 is a locking bar drivers
b

32, 33, and 34 are stock pieces for making locking bars and
cross-locks.

24, Vertical Locking.—In the case of machines with the vertical
type of locking, the locking bed stands vertically; whence the
name, vertical locking. The levers are substantially the same as
in the Saxby and Farmer machines and they operate rocker-links
in practically the same manner, but the remainder of the con-
struction is very different. Figure 36 shows a view of the Style A
machine, while Fig. 37 gives more details of the construction.
The end of the rocker-link is connected by a link to a tappet
bar, which it slides up and down through a distance of 11{¢ in.
On the sides of the tappet are V-shaped notches and on the front
are tappet pieces that engage dogs fastened to small locking bars
which slide horizontally through locking guides. Two or more
dogs are fastened to each bar, and as the tappet is pushed or
pulled it impinges the dog by miter contact. If the bar is free to
move, the lever may be thrown. The sliding of the bar will cause
one or more dogs on it to engage the notches of other tappets,
locking them in either the normal or reverse position. The lock-
ing bars are 34 in. in section and have a throw of 7{g in. Lifting
the latch in the vertical machine gives the rocker-link and the
tappet one-half their throw, and releasing it at the other end of
the quadrant completes the locking.

Vertical machines are ordinarily built with not more than
four locking plates, which are numbered from the top down, 1, 2,
3, and 4. The plates are made to contain both back and front
locking bars. Three bars may be placed side by side in the back
of each locking plate and five in front, giving a maximum of eight
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the front locking of that space. Figure 38 illustrates an example
of back locking. 1 and 2 are tappet bars so arranged that 1 re-
versed locks 2 normal.

25. Special Locking.—The swing dog in the vertical locking
machine is constructed somewhat differently from that in the
Saxby and Farmer machine. The dog is fastened to tappet 4 in

Fia. 36.—Style A interlocking machine.

Fig. 39 and swings in a vertical plane between the adjacent dogs a
and b. The special locking is in the plane of the front locking
bars. In the figure, 5 reversed locks 1 and 2 normal when 4 is
reversed. If 4 is not reversed, however, reversing 5 has no
effect on 1 and 2.

In Fig. 40, the numbers 1 to 36 inclusive represent front
locking dogs; 37 to 39 are front couplings; 40 to 42 are front
carriers; 43 is a special swing dog; 44 to 49 are tappet pieces;
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50 to 65 are back locking dogs; 66 and 67 are back couplings;
68 to 71 are back carriers; 72 to 77 are front locking dogs; and
83 is a short piece of steel locking bar.
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F1a. 40.—Locking details of style A interlocking machine.

26. The Dog Chart.—The dog chart is a plan showing the lock-
ing arrangement of any particular interlocking machine. The
dog chart for the Saxby and Farmer machine is made up with the
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front of the locking bed at the top just as an observer would see
it if he were standing at the back of the machine and facing the
operator in position to manipulate the levers. This throws
lever 1 to the right-hand side on the drawing, as shown in Fig. 41.
The figures across the top represent numbers of the levers, while
those on the side refer to the locking bars. The circles represent
the points where the locking shafts connect to the locking bars.

On the dog chart for the Style A machine, illustrated in the
same figure, the back locking is shown above the front locking.

F16. 43.—The National interlock- Fic. 44.—The Johnson interlocking
ing machine. machine.

5 1 are back and front locking spaces of the first or top pla;te g
? 2 are back and front locking spaces of the second locking

plate; and so on tog} 4. The position of lever 1 is at the left

on the sheet.

Figure 42 shows dog charts for Saxby and Farmer and Style A
machines to operate a trailing point crossover between double-
track lines.

Figure 43 represents a National interlocking machine while
Fig. 44 represents a Johnson,
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The vertical locking plant requires less room than the hori-
zontal, but has more wear between the dogs and the notches in the
tappets. In the case of the vertical locking plant the locking is
below the floor, while in the case of the horizontal locking, it is
above the floor. Lying below the floor, often in a dark room, the
vertical locking frequently does not get the attention and care it
should have.

F1a. 45.—The Stevens interlocking machine.

27. Stevens Interlocking Machine.—A dwarf type of inter-
locking machine constructed with lever instead of latch locking is
known as the Stevens. It operates with a vertical type of locking
placed in a horizontal bed, but the stroke of the tappet is much
longer than is the case with the Style A machine. It is used
principally where a number of yard switches can be controlled
from a central point or where it is desired to install some form of
temporary interlocking.



CHAPTER V
MECHANICAL INTERLOCKING

OTHER EQUIPMENT

28. Leadouts.—The equipment that transfers the motion from
the levers in the tower to the horizontal pipes and wires on the
ground is called the leadout. It includes all of the vertical pipes
and wires within the tower and all the rocking shafts, cranks, and

F16. 46.—Rocking shafts for leadouts.

deflecting bars in the case of pipes, and wheels and chains in the
case of wires that connect the pipes and wires inside with those
outside the building. In the case of the rocking shaft, shown in
Fig. 46, the vertical pipe connects
with the outside arm and the hori-
zontal pipe with the adjustable
inside arm. The shaft itself may be
either square or hexagonal, as the
figure illustrates, the square ones
being most eommonly found in
practice.

Figure 47 represents a vertical crank and Fig. 48 a horizontal
and a vertical deflecting bar. The horizontal crank is illustrated

4 49

Fic. 47.—R. S. A. vertical crank.
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in Fig. 60. In the case of the deflecting bar, the curved bar
slides between two sets of rollers supported by the frame. Figure
49 shows the use of both rocking shafts and deflecting bars in a
leadout.

29. Pipes and Couplings.—The
; movements of the levers in a
o —FiT— T mechanical plant are transmitted
' l to the derails, home signals, and
1 switches by means of 1-in. iron

[~

| m
I pipes, and to distant signals by
\ means of No. 8 or 9 steel wire.
Home signals and dwarf signals
are sometimes operated by wires.
The ends of the pipes are fastened
together by means of couplings
over the outside and 3149-in. steel
plugs 10 in. long on the inside, as
illustrated in Fig. 50. Two 4-in.
rivets pass through each plug at
the end of each pipe. The pipe
is fastened to a crank by means of
g a steel rod with a tang on one end
Fie. 48—Horizontal and vertical and a solid or screw jaw on the

deflecting bars. other, a number of different forms

of which are shown in Fig. 51.

30. Stuffing Box.—It very often becomes necessary to carry
pipe lines under a street, in which case the pipes are placed inside
of larger pipes enclosed at the ends by stuffing boxes, as illustrated
in Fig. 52. The outer pipes are filled with oil to preserve the
materials and to eliminate the friction.

31. Pipe Carriers.—Pipes are supported on pipe carriers placed,
as a rule, 7 ft. apart on straight lines and 6 ft. apart on curves.
This length of space prevents buckling when the pipe is in com-
pression. The distance center to center of levers in a mechanical
plant is 5 in., while the distance center to center of pipes as they
are placed in the carriers is 234 in. The two rollers in the carrier,
the one below and the other above the pipe, tend to reduce the
amount of friction during the movement of the pipe line. Where
there is only one set of rollers in the frame it is called a one-way
carrier; where there are two, a two-way carrier; and so on.
The pipe carrier is fastened to its foundation by means of a pipe

e
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carrier base. The transverse carriers, represented by Fig. 54,
rest on two track ties and carry the plpes under the rails at
right angles to the track.
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Fic. 49.—R. S. A. tower leadout.

32. Compensators.—Compensators are inserted at the proper
places in pipe and wire lines to provide automatically for changes
in length, due to expansion or contraction caused by differences
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in temperature. In the case-of a pipe line, the compensator
reverses the direction of motion so that the change in length on

=

Fre. 53.—Pipe carrier. Universal base.

one side of it will just offset the change on the other side. Where a
line is straight and one compensator is used, it should be in the
middle. If two are used, they should be s =
located at the quarter points. The com- l@l@l @
pensator used in straight pipe line con- Fio. 54—R. S, A.
struction is called a “lazy jack.” It is two-way transverse
made of two angles, 60 and 120 degrees, PP ¢¥rrer

with a link connecting them, as shown in Fig. 55. One

y

e it

F1e. 55.—R. S. A. “lazy jack’ pipe compensator.

compensator is used for a pipe 50 to 650 ft. long and two for a
line between 650 and 1,300 ft. In the case of a 90-degree change
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in the direction of a line, a crank if properly placed may be used
as a compensator. Figure 56 illustrates a straight arm com-
pensator.

The following example will serve to illustrate
the principle of applying compensation to a pipe
line: A pipe as a part of an interlocking plant is
used to throw switches 1 and 2 of a main-line
crossover. The switches are normally lined up

Fra. 56—R. 8. for the main tracks clear. The dimensions of the
ﬁ;ms";fsi}}ﬁ';rarm track layout are given in the sketch, Fig. 57.

o ; The motion from the leadout is a push, which
causes a pull beyond the first compensator. Since the motion to
be given to the switch 1 is a push, the angle erank at A should be
a compensator. The direction of motion beyond the second com-
pensator is a push; and since the motion to be given switch
2 is a pull, the crank at B should also be a compensator.
The calculated locations of the “lazy jacks” are shown in the
figure.

Should a compensator figure to come where a pipe carrier is
located,