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INTRODUCTION

NTERLOCKING is of English origin, numerous patents
I having been granted in England for manually operated
interlocking devices from 1856 to 1867, at which later
date was first disclosed by Saxby a satisfactory means for
obtaining what is now known as “preliminary latch locking.”
The rapidity with which this valuable system was adopted in
England is indicated by the fact that six years later, in 1873,
13,000 mechanical interlocking levers were employed on the
London & Northwestern Railway alone, at which time not a
single lever was in use in the United States, the first experi-
mental installation having been made in this country by
Messrs. Toucey and Buchanan at Spuyten Duyvil Junction, New
York City, in 1874, and the first important installations on a
commercial basis having been made by the Manhattan Elevated
Lines of New York City with machines of the Saxby-Farmer
type, built by the Jackson Manufacturing Co. of Harrisburg,
Pa., in 1877-78.

Very soon after American railways had gained a little experi-
ence with mechanical interlocking plants, it was felt that
there were many situations where great economies could be
effected and more satisfactory operation obtained if switches
and signals could be successfully worked by power instead of
manually. For precisely the same reason — viz: saving of
labor — that English railways were first led to concentrate in
a single frame the theretofore widely. separated levers for the
operation of switches and signals — thus leading up to the
idea of interlocking — so the much higher cost of labor in the
United States than in England caused the American railways
to demand an interlocking that would afford means for operat-
ing switches and signals over greater distances and with fewer
operators than were required under the English method.
The first concrete response of the American inventor to this
demand was the Hydro-Pneumatic Interlocking installed
in 1884 near Bound Brook, N. J., at the crossing of the
P.& R.and L. V. R. R. From 1884 to 1891, eighteen Hydro-
Pneumatic plants, having 482 levers, were installed on six



6 GENERAL RAILWAY SIGNAL COMPANY

railways, but. this system having developed many serious
defects, its inventors devised and in 1891 installed the first -
electro-pneumatic plant at the Chicago & Northern Pacific
Drawbridge, Chicago. In the following ten years, there
were ordered —up to June 1, 1900 — fifty-four electro-
pneumatic plants, having 1,864 levers, for use on thirteen
railways. It was felt at this time that while power interlock-
ing had been proven to be usable with advantage in a few
important situations, it fell far short of accomplishing all that
was desired and required of it by the railways, and it was even
then believed by some engineers that owing to certain defects
and limitations inherent in the electro-pneumatic principle
itself, some safer, more reliable and economical system would
have to be developed before power interlocking could, with
wisdom, be more generally employed.

Just at this time (May, 1900) a company was formed to
develop and exploit the electric interlocking patents now

owned by the General Railway Signal Company and embody- . :

ing the now well-known ‘“dynamic indication’’ principle. In
1901 this Company put in service its first electric interlocking
plant employing the dynamic indication, at Eau Claire, Wis.,
on the C. St. P. M. & O. R’y. As might have been expected,
in view of the newness of the idea, and of the Company exploit-
ing it in opposition to an old-established and rich competitor,
its progress was slow; but, the idea being right, its progress
has been steady and sure, with the result that in the eleven
years since its first plant went into service, it has furnished for
use on eighty-three railways in thirty-five States and Provinces
of the United States and Canada, 440 of these plants, having
21,370 levers. In the sixteen years from the installation of the
first commercial pneumatic machine, during which time no
competitive power interlocking machine was on the market,
the average annual sales were four and five-tenths machines
and 147 levers. In the eleven years following the installation
of the first commercial dynamic indicating electric interlock-
ing machine, and in competition with all other types of
power interlocking, our average annual sales have been
forty machines and 1,943 levers. With but few exceptions,
American railways requiring power interlocking now exclu-
sively specify the “all electric,” and while the success achieved
with our “dynamic indication’’ system has led a number of
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companies to devise and offer electric systems, it is believed
conservative to state that much more than 90 per cent. of
all the electric interlocking in use in the United States is of
our manufacture. A more exact statement of percentage
cannot be given for the reason that, so far as we have been
able to ascertain, other makers of power interlocking plants
have not in recent years seen fit to give publicity to the num-
ber of power plants and power levers installed by them, though
* prior to our advent in this field such statements were fre-
quently published. It can, however, be positively stated
that more of our electric plants and more electric levers have
been installed on American railways in this past ten years
than of all other types of power interlocking in the past twenty-
eight years.

An evolution so rapid, extensive and radical as this cannot
fail to suggest an inquiry into its causes and what bearing
“they may or should have upon the interlocking practice of the

, future. g :

During the annual meeting of the Railway Signal Associa-
tion at Buffalo in October, 1901, one of the principal questions
discussed was, ‘“At what leverage is it economical to install
power interlocking rather than mechanical.” .The consensus
of opinion then seemed to be that power plants might be
economically used where and only where, on account of the
size of the machine or density of traffic or for any other reason,

more levermen would be required to operate a mechanical

than a power machine. At that time the writer hazarded
the opinion that in the course of time mere size of plant and
density of traffic would cease to be generally regarded as the
sole or even as very vital factors in arriving at a choice between
power and mechanical interlockings; that signalmen who were
at that time obliged to compare the advantages of mechanical
interlocking with those of the only power interlocking with
which they then had experience, the electro-pneumatic, might
reasonably be expected to change their views very materially
when they came to be familiar with the advantages of “all
electric”’ interlocking. How far this forecast, which was then
regarded by many able, experienced signalmen as visionary,
was warranted may be judged by an examination of tables in
this handbook showing hundreds of small and medium sized
electric interlocking plants installed by us in the decade that
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has elapsed since then, thus affording evidence that not only
is electric interlocking rapidly displacing all other types of
power interlocking but that it is being largely and increasingly -
used where formerly nothing but mechanical interlocking
would have been considered. The writer believes now as he
believed ten years ago that certain of the important reasons
for this change are found in the following facts:

Entirely aside from considerations of economical operation
that obviously demand the usage of power interlocking at all
points where more than one leverman would be required for
the operation of a mechanical plant, or where train movements
are so numerous as to make the operation of such a plant too
great a physical strain upon the operator, there are other and
equally important features to be considered with respect to
every proposed new interlocking, chief of which is the fact
that no purely mechanical interlocking ever devised is any-
where near so safe as is the dynamic indicating electric inter-
locking. In spite of the now general recognition of this fact,
it must be remembered that it was only as the electric inter-
locking came to be commonly used and its safety features to
be compared with those of straight mechanical interlocking
that the defects and dangers of the latter became emphasized
by the contrast. Thus, beginning about ten years ago, the
realization of this fact by skilled signalmen led them, at first
slowly but as time has gone on more and more rapidly, to one
of two practices, viz: the use, on the one hand, of electric
interlocking, pure and simple, or, on the other, adding to
mechanical interlocking all sorts of electrical apparatus and
circuits. Where the latter expedient is adopted, the resultant
composite plant requires a maintainer combining the experience
of a mechanic and of an electrician, and such men are not
numerous. Fifteen years ago the number of young men who
had even a rudimentary knowledge of electrics was small;
but—owing to the enormously increased employment of elec-
tricity in telegraphy, telephony, lighting, manufacturing and
transportation; to the institution of simple courses in elec-
tricity in trade, industrial and correspondence schools; and to
the fact that it is easier and takes much less time to acquire
a usable working knowledge of electrics than to become a
fairly skilled mechanic — most railways now find it possible
to procure, at the prevailing wage rate, men capable of
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maintaining electrical rather than mechanical installations —
particularly since the automobile and kindred industries have
created such an unprecedented demand, at high wages, for
mechanics.

Another fact having an important bearing on this phase of
our subject is this: American block signal practice, like its
interlocking practice, was originally copied from the English,
who employed the manual system. In block signaling, as was
the case in interlocking, the American demand for labor
saving devices early led to the invention of power operated
automatic block signals, the first of which to be employed
on a considerable scale were of the pneumatic type. Now,
in automatic block signaling. as in interlocking, the electric is
almost entirely supplanting the electro-pneumatic, and few, if
any, American railways are now considering anything but
electric signals for new block work. Such signals are now
used on upwards of 35,000 miles of American railway, and
large additions are being made thereto annually. It will
hardly be denied by any engineer skilled in signaling that
every interlocking plant located in automatic, electric, block
signaled territory should be electric, since, if for no other
reasons, it can be more simply installed, more economically
maintained and more reliably operated than a mechanical or
any other type of interlocking which would require the mixing
in with the necessary electric block devices of other types of
apparatus requiring maintainers and repairmen having needed
training in two or more trades rather than in one. This is a
consideration, which, quite apart from that of maximum
safety, has led many railways to the installation of a great
deal of electric interlocking in automatic block signaled dis-
tricts and which is influencing them and others to take like
action where automatic block signaling, though not in imme-
diate prospect, may be put in within a few years.

Thus it has come to pass that of the railway men who still
feel that the mechanical interlocking when provided with
various electrical adjuncts may be made to be almost if not
quite as safe as the “all electric plant,” more and more are
coming to realize .that simplicity, economy and reliability
demand the usage of the electric interlocking in preference to
any others, particularly as a mechanical plant, even when
“equipped with the most elaborate system of electrical adjuncts,
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has not changed its nature but still remains a mechanical

plant, subject to most of the operating difficulties inseparable.

from such a plant.
Another situation that has largely 1nﬂuenced the adoption
of electric interlocking is the following: Up to the time of

the introduction of electric interlocking, it was the rule, rather -

than the exception,.for American railways to operate from
interlocking machines at ordinary crossings and junctions
such switches as were within 700 to 800 feet of it, but not to

operate or adequately signal more distant switches. Where
any connection existed between such distant switches and

the interlocking it was usually no more than that established
by having an electric circuit controller on such a switch by
means of which an electro-magnetically slotted distant signal
alone was prevented from giving its proceed indication when

the switch was open between it and the home signal. It .

was claimed by the railways, not without reason, that it was
too difficult and costly, and in some instances impossible, to
satisfactorily operate such switches from a single machine
and that it would be the height of folly for them to install one
or more additional machines merely for the sake of operating

these switches, the interlocking of which would not have been -

at all considered at the moment except for their proximity to
junctions or crossings they were obliged to interlock. Gradu-
ally, however, for one or another reason, American practice is
coming more and more approximate to that of England,
where every main line switch on a passenger carrying road has
to be properly signaled and interlocked, and coincident with
and probably largely responsible for this changed attitude of
the American railways is the now almost universal recognition
of the fact that electric interlocking alone affords the means for
successfully accomplishing this in the United States without
excessive cost for both installation and operation. Many of
our electric plants have for years satisfactorily operated
switches, together with their allied signals, located from one
to six thousand feet from the interlocking machine, some-
times with tunnels or other obstructions to view, intervening
between the interlocking station and the switches. In fact,

as temperature changes, no matter how great or how sudden,

do not in any degree affect the operation of our electric
plants, they being absolutely free from such disorders as, in a
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mechanical plant, occur because of contraction or expansion of
parts connecting the interlocking levers with the switches
and signals, and as the “dynamic indication”’ features and the
“illuminated track diagrams’’ make it wholly unnecessary for
the operator to see tracks, trains, switches, or signals — there
is absolutely no limit to the distance at which such switches and
signals can be safely, reliably and expeditiously worked by means
of our electric interlocking. As an illustration, it may be
of interest to note here that by far the largest interlocking plant

_in the world, one of our dynamic indicating type, at the Grand

Central Terminal of the N. Y. C. & H. R. R. R.,New York City, is
operated most successfully under conditions where it is impos-
sible to have any view from the interlocking station of trains,
tracks, switches, or signals.

It would be possible, as is recognized by all who have closely
observed and carefully studied the trend of American signal
practice for a score or more of years, to cite almost number-
less additional conditions each of which has had some part,
big or little, in determining why it is that electric interlocking
has been and is being increasingly installed in units varying
all the way from four to four hundred levers; why it is

used with equally satisfactory results at small junctions,.

yards and crossings where traffic is light; at hundreds of
points of medium traffic where machines of from sixteen
to forty-eight levers are required and at the busiest and
largest terminals; but such a citation would be long, and after
all, the whole matter can be briefly summed up by saying that
the reasons why more of our dynamic indicating electric inter-
locking machines have been installed in the last ten years
than of all other types of power interlocking in the past twenty-
eight years, and why they are being so largely employed
where formerly only mechanical machines would have been
considered are — that experience has fully demonstrated that
wherever and under whatever conditions of traffic or climate

our dynamic indicating electric system has been tried it has-

been found superior to every other type of interlocking, in
safety, reliability, economy and rapidity of operation and in
its adaptability to every present and prospective need of the
user. For these reasons, the writer hazards the prediction
that within the next ten years many important American
railways will closely approximate to a condition where every

i
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block signal and every interlocking machine, large and small,
over long stretches of their main linewill be controlled, operated
and lighted by power supplied from central energy stations,
and where, in consequence, mechanical or any other than
electric interlocking will be almost as much a thing of the
past as is the “horse car’ on the street railways of to-day.
To such readers as may be inclined to regard this forecast as
wild or visionary, the writer suggests the perusal of the preface
prepared by him for the 1902 Electric Interlocking Catalogue,
and that this may be readily done, that preface is reprinted
herein (see page 405). After noting the forecasts made in
1902 and finding that every claim therein advanced for the
then newly introduced electric interlocking system has been’
fully met and that its general adoption has more than realized
the most sanguine expectations.then entertained for it — the
reader may be less inclined to be over skeptical as to the pre-
diction made for the coming decade.

To meet the requirements of the many present and prospec-
tive users of our dynamic indication electric interlocking, we
have prepared this Handbook, wherein it is sought to furnish
data that will be useful to all those seeking a true understanding
of the dynamic indication principle, and to those who are
required to prepare bills of material for, or to install, operate

or maintain our electric interlocking.
W. W. 8.
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SECTION I

G.R.S. ELECTRIC INTERLOCKING SYSTEM

SETTING FORTH THE PRINCIPLES IN-
VOLVED AND GIVING A BRIEF DE-
SCRIPTION OF THE APPLIANCES USED



G. R. S. ELECTRIC INTERLOCKING
SYSTEM

REQUISITES OF A PROPERLY DESIGNED INTERLOCKING
SYSTEM

NTERLOCKED switch and signal appliances were first de-
vised and used at junctions and terminal points for the pur-
pose of reducing the number of men employed to go from

switch to switch, throw them by hand and then givea hand sig-
nal for the train to proceed over the route thus lined up. It was
soon found that operating the switches and signals from a central
point under the control of the levers in an interlocking machine
greatly expedited the handling of traffic. By far the greatest
accomplishment of interlocking, however, was the addition of
an enormous factor of safety at such points to train operation.

Inherent in the system of mechanical interlocking which
first was employed to control the switch and signal functions
were certain recognized shortcomings as regards safety and
facility of operation.

Systems of power interlocking in the field prior to the intro-
duction of the electric dynamic indication system, now owned
and manufactured by the General Railway Signal Company,
although giving increased facility of operation, did not and
}io riot provide the greatest safety obtainable with this increased
acility.

The features of vital importance in considering the merits
of any system of power interlocking are those which are
designed to give the greatest measure of safety together with
facility of operation. The two features most important to
safety are:

First — The means provided to check the correspondence
of movement between lever and the switch, signal, or other
function controlled by it.

Second — The means for preventing unauthorized move-
ment of switches, signals, or other controlled functions.

The reliability of the means by which the above protection is
secured determines more than anything else the safety of a
given system of interlocking. In fact, this is so vital that an
interlocking plant without a thoroughly dependable system
for insuring correspondence between its levers and the operated
functions, and for preventing the unauthorized movements of
such functions, is absolutely unsafe.

- The G. R. S. electric interlocking system fully meets the
first important requirement of checking the correspondence of
movement between lever and operated function by means of
the dynamic indication, energy for which is furnished by a
momentary dynamic current generated by the motor of the
operated function itself when and only when the actual opera-
tion of such function shall have been properly completed.
Contrast this with systems employing’ A. C. or battery
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indication, in which the indication is secured from energy
existent at the function prior to and during the movement of
that function and dependent only on the closing of a single
break in the indication circuit.

The use of the dynamic current, generated by the momen- .

tum of the motor of the operated unit at one end of the circuit
and so giving the desired indication at the lever at the other end
of the circutt, prevents the receipt of a false indication due to a

T1c. 1. LAKE STREET INTERLOCKING Prant. CHICAGO
TerMINAL, C. & N. W. R’y

cross between the wires of the circuit, and is, therefore, correct
in principle.

The unauthorized movement of switches or derails, or the
improper clearing of the signals is prevented by a simple and
effective method of cross protection, the basis for which is
inherent in an electric interlocking system using dynamic
indication. It is a notable feature that the second require-*
ment is met by a means in which all the contacts required for
this protection form a part of the operating circuit, thus check-
ing their integrity at each operation.

In order to fully consider the advantages of the G. R. S.
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system of electric interlocking, its elements are described in
more detail as outlined below.

ELEMENTS OF G. R. S. ELECTRIC INTERLOCKING
SYSTEM
A complete installation of the General Railway Signal Com-
pany’s electric interlocking system comprises the following
elements:
First — A source of power consisting of a storage battery
with its charging unit.

Fic. 2. CorLinwoop INTERLOCKING Prant. L. S. & M. S. R’y

Second — Power control apparatus introduced between the
source of power and the interlocking machine.

Third — An interlocking machine with levers for the control
of the switch and signal mechanisms.

Fourth — Switch mechanisms, ,their operating and indicat-
ing circuits. .

Fifth — Signal mechanisms, their operating and indicating
circuits.

Stxth — Means for the prevention of unauthorized move-
ment of any function.

In connection with such a system may be installed such
accessories in the way of track circuits, detector locking,
route locking, indicators, annunciators, etc., as may be de-
sired at each individual installation.
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SOURCE OF POWER

The source of power, from which the G. R. S. system
of electric interlocking is operated, consists of a storage
battery having an approximate working potential of 110
volts, this battery being charged by a power generating
unit, which frequently is a generator driven by a small
gasoline engine.

Fic. 3. MoperL 2 Unir LeverR TYPE INTERLOCKING MACHINE.
LAKE STREET INTERLOCKING PLrANT, CHICAGO
TeErMINAL, C. & N. W. R’y

PowER CONTROL APPARATUS

Power is delivered to the interlocking machine under the
control of protective apparatus, mounted on suitable switch-
boards.

INTERLOCKING MACHINE

The operation of each switch and signal function is controlled
by levers, which with their respective locking tappets, indica-
tion magnets and circuit controllers, are mounted in a common.
frame, the whole being known as an interlocking machine.

Starting with the lever in either of its extreme positions,
the stroke of the lever is divided into two movements. The
first movement locks all levers conflicting with its new position
and operates the function. The second and final movement
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~ of the stroke releases such levers, hitherto locked, as do not
conflict with its new position. Except in the reverse position
of a signal lever, this final movement can be made after, and
only after, the dynamic indication has been received certifying
that the operated function has assumed a position correspond-
ing with that of its lever.

SWITCH MECHANISM — ITS OPERATING AND INDICATING
+ CIRCUITS

Each switch and derail is thrown and locked by a switch
and lock movement driven by a series wound direct current

Fia. 4, MoberL 4 SwitcH MacHiNEs Higa Bripce, Tower ‘“A,”
EvLectric Division, N. Y. C. & H. R. R. R.

motor. Two wires are used for its control, one for the normal
and the other for the reverse operation. These same wires
are used for indicating purposes, the normal control wire being
used for the reverse indication and the reverse control for the
normal indication. The circuit is connected to main common
at the switch location.

The circuits for a switch are shown in simplified form in
Fig. 5, the operating and indicating currents in the different
diagrams being shown by the red lines.

‘When the switch (normal position) is to be operated, the
first movement of the stroke of the controlling lever carries it
as far as the reverse indication position and permits current to
flow as shown in Fig. 5B, which causes the mechanism to move
the switch points to the reverse position and lock them in
that position. When this movement has been completed the
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Switch Mechanism

) Motor Fiel
Main_Common
Indl'caiion Motor Armature;
Manet, g Hevnse R
{ X
——illwl Reverse Control ¥
Battery Normal Ind Wire

Lever Full Normal Snitch Normal
A — At Rest- No Current floring

Lever at Reverse switch leaving
Indication Position . Normal Position
B - Operating

Lever at Reverse Sritch Reverse
Indication Position
C - Indicating
i
. 0
il
Lever Full Reverse switch Reverse

D - At Rest-No Current flowing

Fic. 5. Sivmpririep Circuirs For MopeEL 2 or Mopen 4
SwiTcH MACHINE
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circuit through the switch motor is automatically changed,
disconnecting the motor from battery and connecting it in a
closed circuit including the indication magnet (Fig. 5C); at the
same time the armature terminals are reversed for indication
purposes, this leaving the motor connections in proper position
for the next operation. The motor (now a generator) with
the momentum acquired during the operation of the switch
movement, generates a momentary current which energizes

Fic. 6. MopeL 2 SwitcH MAcHINES. MAYFAIR INTERLOCKING
Prant, C. & N. W. R’y

the indication magnet, thus permitting the final movement of
the lever to be completed (Fig. 5D).

The operation of the lever and function from the reverse-to
the normal position is accomplished in the same manner.

A useful feature, not usually obtainable in other power sys-
tems, is that the movement of the switch points may be re-
versed at any portion of their travel at will by the.operator,
and the lever movement completed upon the switch points
assuming a position corresponding with that of the lever,
irrespective of the direction of the first movement made by
the lever. ;

The complete switch operation and final movement of the
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lever may be accomplished in from
two to two and one-half seconds,
the indication being practlcally
instantaneous with the completion of
the switch operation.

SIGNAL MECHANISM — ITS OPERA-
TING AND INDICATING CIRCUITS

The description of signal mechan-
isms will be confined to the non-
automatie, two position signal, as this
will show the principles involved in
all types of motor driven signals now
used in the system.

This signal is operated by a
mechanism in which the motor is
directly connected to the semaphore
shaft through low reduction gearing.
The signal is held at proceed during
such time as its controlling lever is
in the reverse position solely by a
dense magnetic flux thrown across
the air gap between the motor arma-
ture and the field pole pieces (holding
field pole surfaces are serrated) by
cutting the windings on the holding
field poles in series with the operating
field windings.

Each signal requires for its opera-
tion and indication one wire and a
connection to the common return wire.

A simplified circuit for this type of
Fre. 7 signal is shown in Fig. 8, the path
MobEer 2A taken by the operating, holding, and

SIGNAL indicating current in the different dia-

grams being shown by the red lines.

Upon reversal of the controlling lever, the signal
mechanism will receive current as shown in Fig. 8B,
this causing it to move the blade to the proceed
position. When the signal blade has assumed this
position the circuit breaker cuts in series with the
operating field and armature, the high-resistance
holding field, thereby retaining the signal arm at
proceed (Fig. 8C). The holding field windings have
a high resistance, which reduces the current to that
employed for holding the signal at proceed.

When the signal lever is placed in the normal indicating
position, energy is cut off from the motor and the blade returns
to the stop position by gravity, causing the signal mechanism
and motor armature to revolve backward to their original
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position. Just as the blade reaches the stop position the
action of the circuit breaker connects the motor armature and
operating field into their original closed circuit (Fig. 8D), in
which is included the indication magnet. Due to its acquired
momentum the motor (now a generator) produces an indica-
tion current in this circuit which permits the controlling lever
to be moved to the full normal position (Fig. 8E).

It is universal practice to indicate the signal lever in_the
normal position only, this insuring that the signal blade is in
the stop position before releasing any .of the switch levers in
the route governed. No safety features are sacrificed if the
signal fails to assume the proceed position upon reversal of its
controlling lever.

Dynamic Indication. The use of the dynamic indication as
described above has the following advantages :

First — The indication is npt secured from energy existent

at the function prior to the movement of that function and
dependent only on the closing of a single break in the indica-
tion circuit, as is the case in A. C. and battery indication
systems; but being a dynamic current generated by the mo-

mentum of the motor, it can be secured only after actual opera-

tion of the function.

Second — The energy for the indication is'developed at one
end of the circuit and the indication magnet is located. at the
other; hence a cross between wires prevents indication, whereas
in systems which use the battery in the interlocking station
for indication a cross tends to cause indication.

Third — No extra power is required forindication.

Fourth — The indication current .ceases automatically with
the stopping of the motor and, therefore, no auxiliary devices
or operations are necessary to cause it to cease.

FYifth — No additional wires are required for indication,

Stxth — The generated indication current automatically
“snubs” the motor and causes it to stop without shock and
without the use of buffers, springs, or auxiliary snubbing
circuits.

Seventh — The indicating circuit is automatically checked
as to its integrity every time an indication is received, and
being a closed circuit of low resistance around the motor it
shields the motor while at rest from all foreign currents. This
inherently provides the foundation for the simple and effective
cross protection system employed with the G. R. S. electric
interlocking.

MEANS FOR THE PREVENTION OF UNAUTHORIZED
FuUNCTION MOVEMENTS

The cross protection system prevents the unauthorized
movement of any switch, signal, or other function due to
energy improperly applied to its circuit through a cross between

DS ———————"

i



ELECTRIC INTERLOCKING HANDBOOK . 25

wires, by cutting off current from the function in the event of
such an occurrence. :
As explained under “Dynamic Indication,’” all functions are
normally on a closed circuit of low resistance. Connected in
each of these circuits is a small polarized relay through which
all operating and indicating currents must pass in a direction
to maintain the relay’s contact closed, while all currents from
an unauthorized source must pass in the opposite direction
thus instantly opening the contact. Through all these con--
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Fig. 9. MobeL 2A SienaLs. CHicaco TermiNaL, C. & N. W. R’y

tacts in series is controlled the retaining magnet of an electro-
mechanical circuit breaker, which is introduced into the power
mains between the storage battery and the interlocking ma-
chine. Hence, a cross onto the circuit of a function at rest,
by opening the contact of its polarized relay, opens the electro-
mechanical circuit breaker, cuts power off from the interlocking
machine and thereby prevents any improper movement of
the function. :

In a simple plant a single electro-mechanical circuit breaker
is ordinarily installed, this preventing the movement of all
functions at any time the circuit breaker may be open. Where
traffic conditions warrant the increased expenditure, additional
circuit breakers may be provided to permit of dividing the
plant into as many sections as may be desired.
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The design of the circuit breaker is such as to make it impos-
sible for a leverman (thoughtlessly or through ignorance) to
prevent it from performing its function.

Cross Protection. The cross protection secured with the
G. R.S. electric interlocking system has the following advantages :

First — All contacts and connections depended upon for
cross protection are either on closed circuit or are used for opera-
tion and indication, so that any failure of these contacts and
connections, which would impair their usefulness as a cross-
protective medium, also prevent operation and indication.
Hence they are under a constant, automatic check without the
use of any extra contrivances for this purpose.

Second — Wire insulation is not depended upon for cross
protection. This system at certain installations has given
years of safe operation with wire, the insulation of which does
not measure up to the usual standard.

Third — The cross protective apparatus consists of the polar-
ized relays and apparatus on the operating board; no wire or
additional appliances are required outside of the station to
secure this protection other than the simple apparatus already
installed for the operation of the various functions.

Fourth — The switch and signal motors, being of low resist-
ance, require a current of several amperes for their operation;
therefore, a cross to produce the operation of any function
must be of very low resistance. Thus it will be seen that the
system is not sensitive to the effect of crossed wires. Not-
withstanding this fact, an efficient system of cross protection
is provided in the G. R. S. system.

CONCLUSION

The comparative value of different systems of interlocking
may be accurately determined by a consideration of but four
essential factors. These four factors must be present in any
interlocking system to warrant its use. They are: Sajety,
Facility, Reliability, and Economy.

Safety.

The factor first demanding consideration is that of safety.
This essential of an interlocking system overshadows all other
considerations, and in the ideal system the safety must be
absolute. The G. R. S. electric interlocking with dynamic
indication provides a factor of safety that is the closest approxi-
mation to the ideal known to those skilled in the signaling art.
This is verified by the statement made by a disinterested
committee in an able report based on a study of various types
of power interlocking systems, presented to the International
Congress of Application of Electricity held at Marseilles,
France, in 1908, this statement being worded as follows:

“The safety of an interlocking plant is dependent solely

.
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upon the existence of a positive, reliable indication of corre-
spondence between the position of a lever and its controlled
function. * % =x the Taylor (G. R. S.) system meets
even this requirement. In fact it insures absolute reliability
of indication by employing the motor as a means for generat-
ing the required current as explained above —so that it is
certain that the indication given cannot ever be due to de-
fects in wiring. Then, this indication having been received
in the interlocking station, it establishes a control which is
permanently maintained by a source of energy located in
the station. Moreover this permanent control utilizes identi-
cally the same circuit that is employed in the normal operation
of the function; in consequence, the circuit used is one that
must be maintained in good, operative condition for each
movement of the function.

It will therefore be seen that by virtue of this arrangement,
the Taylor (G. R. S.) system insures permanency of indica-
tion; that it is economical since it utilizes the operating source
of energy located in the station, and that it is absolutely
trustworthy since it is in no sense subject to any danger from
crossed or grounded wires.” .

Facility.

The facility offered by any given interlocking system depends
largely upon: first, the rapidity of operation of the individual
functions, and second, its capabilities for permitting simulta-
neous operation of a number of functions. In such a system
the amount of time required to move traffic is reduced to a
minimum.

By incorporating the above two features in the design of the
system, the G. R. S. electric interlocking fully meets all
demands for facility of operation. This has been repeatedly
proven by the performance of the system at points where
the traffic conditions have imposed the most exacting operating
requirements.

Reliability.

The reliability of an interlocking system is primarily de-
pendent upon the fundamental principle underlying its opera-
tion, and in general it may be said, without fear of contradic-
tion, that unless the principle is simple, it is not correct. The
correct principle having been adopted, the reliability of the
system then depends upon a proper design of each and every
part of the devices used to put the principle into practice.

It is recognized that the principles of operation of the G. R. S.
interlocking are correct, and the circuits simple to an extreme
degree, no radical changes having been made in either since
the introduction of the system. The parts of all apparatus are
. strong and rugged, and capable of performing their functions
without undue wear and tear; furthermore, the design of all
parts of the apparatus has been so very carefully perfected
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during some twelve years’ experience that their form now
represents the very best englneermg practice.

As an example of the system’s reliability of operation,
records published by an important railroad covering a period
of one year show a total of 2,615,406 switch operations, in
which the number of imperfect operations were so few that
they did not exceed one to every 186,814, and the total traffic
detention for the year was only seventy and one-half minutes.

Economy.

Due to the correct design of the apparatus and resultant
long life of same, the cost of renewals is practically negligible.
This, together with the marked simplicity of the circuits,
insures a cost of maintenance much less than in any other
system of interlocking. The cost of operating also shows a
corresponding economy, not only by the fewer number of
men required for the operation of the power system as com-
pared with the mechanical system, but also in the cost of
ﬁower when compared with other power systems. Carefully

ept railroad records show that the power cost is but one cent
for 300 to 400 switch and signal movements.

A most minute analysis and extended description of the
merits and advantages of any given system of interlocking
fails to be convincing unless the truth of all the statements
are thoroughly substantiated. That the above statements
concerning the G. R. S. electric interlocking system must
be true, is shown by the well nigh universal adoption of the
system, both for large and for small installations.

Four hundred and forty installations have been made or
are under contract on some eighty different railroads in all
parts of the United States and Canada, a considerable num-
ber of plants also having been installed in Europe. On the
basis that one interlocking lever in use for one year equals
one lever year, the G. R. S. system now shows a record of
110,000 lever years.

The satisfactory operation of these installations, large and
small, under widely varying conditions of both climate and
traffic, is a most convincing demonstration that every demand
for an interlocking system has been met in a most satisfactory
manner by the G. R. S. electric interlocking.

B



SECTION II

G.R.S. ELECTRIC INTERLOCKING
APPLIANCES

GIVING A DESCRIPTION OF THE AP-
PLIANCES USED AND THEIR METHOD
OF OPERATION



INTERLOCKING STATIONS
THE INTERLOCKING STATION

HE interlocking station, from which the various switch

I and signal functions of the plant are operated, is usually
a two-story building similar in appearance to those used at
mechanical plants. The station does not require the same heavy
construction used in mechanical work on account of the fact that
the movement of the levers of the electric interlocking machine
puts absolutely no strain on the building. It should be noted

Fia. 10. HAcCKENSACK DrRAW BRIDGE INTERLOCKING
StaTion. Erie R. R.

in this connection, however, that the frame building generally
used in the earlier installations is of late years being largely
supplanted by the more substantial brick or concrete structure.

SIZE OF THE BUILDING

The station can be much smaller than that required for
mechanical plants of the same number of functions due to the
smaller size of the interlocking machine. The length of the
building is usually determined by the size of the interlocking
machine; the width, however, is generally in excess of that
required for the machine, being increased to accommodate
the table, lockers, etec., needed by the operator, and on the

L
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larger installations to provide room for a train director and
telegraph operator.

When it is desired to have shops and storerooms located
in the interlocking station, the machine ceases to be the
determining factor in the size of the building, unless the
additional space for these rooms is secured by using a three-
story building as in the case of the Lake Street Station
shown in Fig. 13. It is also true that on small plants the
location of the storage battery and power apparatus in the
lower story of the station is apt to make it necessary for

Fig. 12, SourH ENGLEWOOD INTERLOCKING STATION
axp Power Housg, C. R. I. & P. R'y

the building to have larger dimensions than those required
for the interlocking machine.

ARRANGEMENT OF APPARATUS

The different methods of arranging the apparatus in the
station is shown by Figs. 11, 13 and 15, which may be
taken as typical of small, intermediate and large sized stations
respectively. By reference to these illustrations it will be
seen that the general practice is to locate the interlocking
machine, the operating switchboard and such accessory appa-
ratus as track diagrams, indicators, etc., on the top floor, the
storage battery in a room by itself on the lower floor, and the
charging apparatus on the same floor with the battery or in a
building separate from the interlocking station.
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POINTS TO BE NOTED

The design of the building should be such that the floors
will be sufficiently rigid to properly support the machine.

Wherever possible the general practice is to have the operat-
ing room liberally supplied with windows to permit the operator
to have a clear view of the tracks throughout the plant.

It is highly desirable that the conduits or ducts provided for
the runs of electrical conductors about the tower should be

Fig. 14. LAKE STREET INTERLOCKING STATION. CHICAGO
TerMINAL, C. & N. W. R’y

of sufficient capacity to have 25 per cent. spare space after
all wiring is in place.

No special foundations are required for the apparatus used
in an electric plant, except when the charging generator is
driven by an engine, in which case a substantial foundation
should be provided for the engine so that the building will
not be subjected to any vibration during its operation.
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POWER PLANTS AND SWITCHBOARDS

COMPOSITION

HE power equipment for the G. R. S. Electric Interlocking

plants is usually composed of a storage battery, suitable

means for charging the battery,a power switchboard and an
operating switchboard.

e

Fiac. 16. INTERLOCKING BATTERY (400 AMPERE HOURS)
INSTALLED ON BATTERY RACKS

LOCATION

The location of the units which compose the power plant
varies considerably on different installations. The operating
switchboard is always located in the operating room, being
placed whenever possible in -such a position that its meters
and indicating lamp are in full view of the leverman when
manipulating the levers of the machine. The storage battery
is ordinarily located on the first floor of the interlocking
station. The power switchboard and charging apparatus at
many installations are placed in a room adjacent to that occu-
pied by the battery, although building restrictions or the need
of space for workrooms or offices often make it necessary to
house this apparatus in a building separate from the inter-
locking station.
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BATTERIES

The interlocking battery usually consists of one set of
storage cells having a potential of 110 volts. A second or
duplicate battery is furnished on a few of the larger installa-
tions to insure sufficient power for any possible emergency.

Fi1c. 17. INTERLOCKING BATTERY (120 AMPERE HOURS)
INSTALLED IN BATTERY CUPBOARD

The capacity of the battery used should be based on the num-
ber of function movements between battery charges and the
current used for all auxiliary apparatus.

The battery as usually installed comprises fifty-five lead
type storage cells. When long runs of conductors between
the battery and interlocking machine are necessary, one or
more cells are sometimes added to the battery to compensate
for the voltage drop which occurs in the conductors when-
ever several switch functions are operated at the same time.
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This may also be taken care of by using wires of larger carry-
ing capacity than would otherwise be necessary.

Low voltage batteries are frequently installed to operate
annunciators, indicators, relays and electric locks, and occa-
sionally to serve the track circuits of the interlocking plant.
Operating the relays, indicators, ete., from a low voltage
battery usually proves more economical than to take current
for that purpose from the main battery.

CHARGING APPARATUS

The charging of the battery is generally accomplished by
means of a shunt wound generator driven by an electric motor
or gasoline engine. The generator should be capable of de-

Fic. 18. G.R.S. D.C. GENERATOR

livering the desired current at any voltage from 110 to 160,
the current output being determined by the charging rate
recommended for the batteries installed. In the event of the
generator being used to supply current for lighting, either
regularly or in case of emergency, the additional capacity
required for the purpose should not be overlooked.

When the generator is located at some distance from the
battery it is necessary to take care of the voltage drop due
to the resistance of the charging circuit, either by increasing
the size of the conductors or by using a generator having a
higher voltage rating.

Whenever current of suitable voltage and from a reli-
able source can be secured at reasonable rates, its use is rec-
ommended. The motor-driven generator, referred to above,
is usable with either alternating or direct current, the generator
being shaft or belt connected to the motor as proves most

-
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convenient. If the current supply is direct, a charging rheostat
can be used for the battery charging, or if alternating, a
rectifier employed.

Charging rheostats, having no moving parts, are the simplest
and most reliable of the different types of apparatus which can
be used in this work. They are, however, very much less
efficient than other battery charging devices, and therefore
should not be used when the cost of power is an item to be
considered.

Motor generator sets are compact, reliable and, furthermore,
highly efficient. When used on this type of work, they can

F16. 19. G.R.S. D.C.-D.C. MoTorR GENERATOR SET

be designed for operation on voltages as high as 550, the
lower voltages, however, being recommended as most satis-
factory from the maintenance standpoint.

POWER SWITCHBOARD

The power switchboard most frequently furnished (Fig.
20) is arranged to control the charging of one set of storage
batteries from an engine driven generator, and in conjunction
with the operating board to control the power delivered to the
interlocking machine.

It may be placed in any accessible position in the power
house, convenience in making the runs of electrical conductors
between the power board, the charging apparatus and the
battery being considered.

The size and arrangement of the power board for different
installations is determined by the method of charging the

e I SR
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batteries, the number of sets and voltage of each battery, and
whether or not the board is to control any electric lighting
which may be installed at the plant. If a motor generator
set is to be controlled an additional panel for its starting device
can be mounted on the switchboard frame.

When the track circuits in the plant are operated from

F1c. 20. STANDARD POWER SWITCHBOARD FOR ONE GENERATOR
AND ONE. 110 Vorr BATTERY

storage batteries or from transformers located in the interlocking
station, it is_customary to serve these track circuits through
switches on the power board.

On the switchboard shown in Fig. 20 are mounted a
no-voltage, reverse-current circuit breaker, a field rheostat, a
;roltmeter, an ammeter, suitable switches, and the necessary
uses.

The no-voltage, reverse-current circuit breaker, which is placed
in the charging circuit between the generator and battery, is
designed to open in case the voltage of the generator falls below
that of the battery. By means of this arrangement the charging
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of the battery can be accomplished without the constant atten-
tion of the maintainer, this permitting inspections to be made
at such intervals as may be most convenient.

F1c. 21. Power AND DISTRIBUTING SWITCHBOARDS AND MOTOR
GENERATOR SETS. LAKE STREET INTERLOCKING PLANT,
Cricaco TermiNaL, C. & N. W. R’y

The rheostat connected in series with the generator field
permits the generator voltage to be accurately regulated.

The voltmeter and ammeter are arranged to give readings on
the charging or discharging circuits as desired.

The simplified diagram (Fig. 22) shows the principles of
the circuits used in connection with this board and clearly
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illustrates the functions of the various devices essential to the
power control.
OPERATING SWITCHBOARD

The operating switchboard shown in Figs. 24 and 25 is
typical of those furnished where all functions in the plant are
to be controlled through a single circuit breaker. When the
plant is sectionalized the board must be equipped with addi-
tional circuit breakers, one being required for each section.

The apparatus mounted on the board illustrated consists
of the cross protection circuit breaker with its indicating red
lamp, a polarized relay, a ground lamp and switch, a volt-
meter and an ammeter. A panel for lighting switches can be
bolted to the switchboard frame when it is desired to control
the lighting from this point.
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F1g. 26. SiMpLIFIED CIRCUITS FOR OPERATING SWITCHBOARD

Lettering of the cross protection circuit breaker contacts corresponds
with the lettering used in Figs. 64 and 66.

The cross protection circuit breaker, introduced into the
power mains leading to the interlocking machine, is so controlled
that in the event of current being improperly applied to the
circuit of any function at rest, the circuit breaker will open
and cut all power off from the system. The red lamp is
arranged to be lighted at this time to call the leverman’s atten-
tion to the fact that the circuit breaker has opened.

The design of the circuit breaker and its cover is such that
it cannot be prevented from opening should a cross occur,
nor can it be restored to its operating position except by means
of the restoring handle.

The simplified circuit (Fig. 26), in which is included only
the apparatus essential to the circuit breaker control, shows
‘the retaining magnet of the circuit breaker controlled through
the polarized relay on the switchboard and those on the inter-
locking machine in such a manner, that, should any of them
reverse their position, the circuit breaker will immediately open.
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The polarized relay on the switchboard is to guard against
the effects of an accidental cross between the positive and
indication buss bars on the interlocking machine, the relay
operating in the same manner as the polarized relays which
protect the various switch and signal functions.

By means of the ground lamp and switch, the plant may be
tested for positive and negative grounds.

The voltmeter indicates the battery voltage at the terminals
of the interlocking machine.

The ammeter shows the current taken by the various func-
tions when they are being operated. By observing this current
reading the operating conditions of each function can be
determined. This is particularly true of the switch functions,
the need of oiling or adjustment being readily detected from
the abnormal amount of current or length of time required for
their operation.




ELECTRIC INTERLOCKING MACHINES

INTERLOCKING MACHINE CONTROL

HE interlocking machine used with the G. R. S. system
controls the movement of switch and signal functions
through the medium of suitably interlocked levers, which
with their guides, indication magnets and circuit controllers,
are mounted in the common frame as shown in Fig. 27.
General practice is to furnish an individual lever for each signal
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Fia. 27. Cross Section oF Mopen 2 Unit Lever Tyepe
INTERLOCKING MACHINE

arm and for each switch function, except where two switches
are to be operated together, in which case their levers are rigidly
connected and operated as a unit.

The design of the machine and the controlling circuits is
such that the following features essential to safe operation are
afforded:

First — No lever can be moved from a given position if any
other lever, mechanically interlocked therewith, is in such a’
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position that its controlled function will conflict with the
function to be moved. Furthermore, due to the mechanical
locking being of the preliminary type, before the given lever
can be moved from its position, all these conflicting levers
will be locked against movement until such time as it is proper
for them to be released.

Fic. 28. Four Hunxprep LEVER INTERLOCKING MAcCHINE, MODEL 2
Unit LEvEr TyPE. GrRAND CENTRAL TERMINAL, TOWER ‘A’
N.Y.C. & H. R.R. R.

Second — The full movement of any switch lever cannot be
completed until the controlled function has moved to, and been
locked in, the position corresponding with that of the lever.

In the case of a signal lever this correspondence of position is
required only on the normal movement of the lever, which

can be completed only after the signal arm has assumed J
the stop position.
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Third — Each function when in a position of rest is pro-
tected against any unauthorized operation which might other-
wise be accomplished through current being wrongfully
applied to its controlling circuits.

In explaining the operation of the lever, its movement is
considered as being divided into three parts, the prelimi-
nary, intermediate and final. In order that the reader may
not be confused on account of the lever operation having
previously beeén described as being performed in two move-
ments (page 18), it is desired to point out that the pre-

F1a. 29. MopeL 2 Unit LEveER TYPE INTERLOCKING MACHINE. COLLIN-
WwooD INTERLOCKING Prant, L. S. & M. S. R'y. (See Fig. 32)

liminary and intermediate part usually constitute one contin-
uous movement, it being necessary to separate them, however,
when considering the detail operation of the lever.

The following description is based on the operation of the
switch lever. Each of these levers is provided with a cam
slot, by means of which intermittent motion is transmitted to
its respective tappet bar and thence to the cross locking. In
Fig. 30 the dotted circles 1 to 5 in the cam slot indicate the
positions of the locking tappet roller which correspond with
the like numbered position of contact block Z. In the pre-
liminary movement of the lever from position 1 to 2, the
locking tappet is moved through one-half of its stroke,
this movement locking all levers which conflict with the new
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position of the lever in question; in this movement no change
whatsoever is made in the operating circuits. During the
intermediate part of the travel from positions 2 to 4, the tappet
bar remains stationary and the contact block Z is moved out of
engagement with springs YY and into contact with springs
XX as shown in Fig. 81, this setting up the circuits for the
operation of the function. The lever is held at this point,
(position 4), through the mechanical design of the lever proper,
until such time as the function having moved to a correspond-
ing position, generates the dynamic indication current which
effects the release of the lever and permits its movement to
position 5. During this final movement from position 4 to 5,
the stroke of the locking tappet is completed, thereby unlocking
all levers which do not conflict with the new position of the
operated lever.

The method by which the lever is prevented from completing
its stroke, until the controlled function has moved to a corre-
sponding position and has sent in its indication, is illustrated
by the following: in moving from positions 1 to 2 projection M ‘
on the lever coming against projection K on latch L, causes
the latch to assume the position shown in Fig. 81. This
brings projection J on latch L into the path of tooth Q on the
lever. In moving from position 2 to 4, tooth Q engages with
cam N, rotating it to the position shown in Fig. 31. As it
passes the central position (shown dotted in Fig. 31) it comes
in contact with dog P which is forced under latch L, thereby
locking the latch L in the position assumed. The lever is
stopped at position 4 bf, tooth Q coming against projection J
on latch L as previously explained. The indication current,
by flowing through magnet I, lifts armature T which causes
plunger R to strike dog P and trip it out from under latch L.
The latch L then drops to the position shown in Fig. 30,
thereby releasing the lever and permitting its final movement
to be accomplished.

The movement of the lever from reverse to normal is per-
formed in a similar manner to that described above. Atten-
tion is called to the fact that once the lever has been moved to,
or beyond, position 3, it can neither be moved forward beyond
position 4 nor back beyond position 2 without the receipt of
an indication.

The movement of the signal lever is identical with
that of the switch lever except that no electrical indi-
cation is required during the reverse movement, the lever not
being checked at position 4 due to a change in the design
of dog P, which is mechanically tripped at this point from
under latch L by cam N. The mechanical locking insures that
before a signal can be given for any route, that all switch and
derail functions in the route are thrown to the proper posi-
tions and locked in that position, and that all opposing signals
are in the stop position. No changes can be made in the
position of any of these functions until the lever, controlling

R o b i e e e Sl sl e
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Fra. 32.

Unxit LEver TYPE INTERLOCKING MACHINE IN COMBINATION WITH OPERATING
SWITCHBOARD AND INpicaTOorR GrouUPps. (See Fig. 29.)
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the signal displayed at proceed, has been replaced to its full
normal position.

The various functions are protected against unauthorized
movement by means of the cross protection system, as de-
scribed on page 89, the individual polarized relays which
furnish this protection being mounted on the terminal board
of the interlocking machine. All lever contacts which form a
part of this cross protection scheme are used in the operation
of the function, and hence are checked as to their integrity
with every complete operation.

MopEL 2 UNIT LEVER TYPE INTERLOCKING MACHINE

The description of the interlocking machine following is based
on the Model 2 Unit Lever Type (Fig. 27) which is considered
the standard machine. This machine is a development of the
Model 2, still widely used, a cross section of this being illus-
trated by Fig. 137. Modifications of the Unit Lever Type
machine are shown by Figs. 32 and 138, the latter being
furnished when more contacts are required for supplementary
cirCﬁﬁts than can be secured on the regular lever circuit con-
troller.

The standard machine essentially comprises the frame, the
levers with their guides, indication magnets and circuit con-
trollers, the locking plates and locking, the terminal board,
and the machine cabinet.

Frame.

The frame work, which consists of a bed, supporting legs
and brackets, is substantially constructed, thereby insuring
that all inter-related mechanical parts are maintained in their
proper relative positions. For machines having a capacity up
to forty-eight lever spaces, the bed is cast in one unit. Machines
of over forty-eight levers are made up of various combinations
of beds bolted together to give the required lever spaces.

Locking Plates and Locking.

The locking plates are securely attached to the front of the
machine frame, being furnished in tiers to a maximum of
three, the number depending upon' the amount of locking
required at each individual plant. A fourth tier can be
furnished when necessary by using a special form of leg,
wlhich has sufficient height to accommodate the extra tier of
plates.

The locking plates are designed with vertical and horizontal
slots, the locking tappets, one of which is attached to each
lever, being fitted in the vertical slot directly beneath its
respective lever. Movement is transmitted from the lever
through the medium of the tappets to the cross locking, which
slides back and forth in the horizontal slots of the locking
plates. The dogs used in the cross locking can be furnished
screwed or riveted to the locking strips, as desired.
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Each tier of locking has eight of these horizontal slots,
and each of these slots is capable of accommodating four

locking strips, thus giving this type of locking bed a large -

capacity as is indicated by the fact that the locking required
for extremely large and complicated layouts has been readily
accommodated in three tiers. In fact, it is a very rare
occurrence that the fourth tier is ever required.

By using locking of the vertical type no additional floor
space is required beyond that ordinarily taken by the machine,

Fr1a. 35. Unir Type Swirca LEver EQUuipPED
wiTH LEVER Lock AND Lamp CAsE
(See Fig. 141.)

no matter how many tiers are provided. This type of locking
also permits ready access for inspection or cleaning, or making
any changes which may be required.

Levers. "

Each lever with its guide, indication magnet, controllers,
etc., comprises a complete unit in the interlocking machine,
the design being such that the unit may be removed or replaced
in the machine without moving the lever tappet from the
normal position or disturbing adjacent levers in any way. The
lever guide is jointly supported by the top edge of the locking
plates and a longitudinal bar fastened to the brackets, the

e
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circuit controllers being screwed to two other bars which are
supported by this same bracket.

The circuit controller with which each lever is equipped can
be provided with a maximum of five tiers of contacts, con-
trolling five normal and five reverse independent circuits, which
affords more contacts than are ordinarily desired for supple-
mentary circuits.

The space required for each unit is but two inches, this
permitting the complete machine to occupy less space length-
wise than other existing types of interlocking mac{)lines, either
power or mechanical, having the same lever capacity.

Lamp Case and Number Plate.

The combined lamp case and number plate is mounted above
each lever, its base being attached to a plate screwed to the top
of the lever guide, and its top to the cabinet frame. The num-
ber plate is designed to lie at an angle which renders it readily
visible to the operator when manipulating the levers. Bulbs
and sockets are furnished only for such levers as may be
specified, %enerally being used in conjunction with some type
of electric locking to give an indication as to whether the lever
may be moved or not. If desired, a double lamp case can be
furnished to give two separate indications.

Terminal Board.

The slate terminal board is securely attached to the brackets
on the rear of the machine. On this board are mounted the
switch and signal buss bars, the individual polarized relays,
fuses for the operating circuits, and the terminal posts for all
wires which form a part of any of the interlocking machine
circuits. The wires running from the binding posts to the
various contacts, ete., in the machine are made up as formed
leads, thus presenting a neat and uniform appearance; it also
simplifies any “connecting up’’ incidental to the field installa-
tion of additional levers to the machine.

All fuses and terminal posts on the board are located directly
beneath their respective levers, the terminal posts being
lettered in correspondence with the circuit plan to indicate
the wires which are to be attached to each post.

Polarized Relay.

The polarized relay which is illustrated by Fig. 36 is
mounted on the terminal board directly beneath its lever.
It is provided with a soft iron core which lies lengthwise between
the poles of a permanent magnet, the design being such that
current passing in one direction through a winding on the
soft iron core, tends to hold the relay armature normal and
contact closed, while current in the opposite direction imme-
diately reverses the armature and thereby causes the contact
to open. An extension of the armature is provided for con-
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venience in replacing it to the normal position should it for
any cause be reversed.

Indication Selectors.

The indication selectors, one of which is used in connec-
tion with each switch function, are mounted on a shelf sup-
ported by a bracket on the rear of the interlocking machine.
The selector is simple in design, consisting of two electro
magnets and a contacting armature which throws in one
direction when the lever is reversed and in the other when the
lever is put normal.

Fi1g. 36. POLARIZED RELAY

INTERLOCKING MACHINE ACCESSORIES
Lever Locks.

The electric lever lock, illustrated by Fig. 85, may be
applied to any lever in the machine, its winding being designed
for operation on direct or alternating current. The lock is
designed to be mounted on the top of the lever guide, locking
the lever in any required position by means of a solenoid
plunger, which, when the lock is de-energized, drops into a
notch cut on the top of the lever. These notches may be
arranged so that the lever will be locked in any position as
required by the electric locking circuits used at the plant.
The circuit for the lock coil is broken through a contact spring
actuated by the lever latch, the lock therefore not consuming
energy except when lever is to be moved.

Mechanical Time Release.

The mechanical time release furnished with the G. R. S.
interlocking is illustrated by Fig. 87, and the method of its
application to the machine by Fig. 38. It is used in connec-
tion with electric locking circuits to effect the release of a
route in case of emergency, this being accomplished by manipu-
lating the release to its full reverse position, at which point a
contact is closed to pick up a stick relay, energize a lever lock,
etec. The first movement of the device towards the reverse
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position, however, mechanically locks, in their given positions
the levers controlling all functions in the route, this necessitat-
ing that the release be returned to its normal position before
the route can be changed. The operation of the .zlease to the
reverse position and back to the normal position affords a
time interval of about two minutes.

Tia. 37

MecHANICAL TIME RELEASE



SWITCH OPERATING MECHANISMS
SWITCH MACHINE CONTROL

WITCH and derail functions in the G. R. S. system are
operated by switch and lock movements, driven by series
wound direct current motors.

These switch mechanisms, each of which is under the con-
trol of a lever in the interlocking machine, require for their
operation two wires only, one being used for the normal
and the other for the reverse operation. These same wires
are used for indicating purposes, the normal control wire being
used for the reverse indication and the reverse control for the
normal indication. The circuit is connected to main common
at the switch location.

When the lever is moved to a position to cause the operation
of the switch mechanism (see dotted position of lever con-
tacts in Fig. 39), current is taken from the positive buss
bar through the safety magnet, indication selector, lever
contacts and the control wire, through the switch motor
and to common. This causes the desired movement of
the switch machine, which performs the following functions in
the order given:

First — The detector bar is raised and the switch unlocked,

Second— The switch points thrown, .

Third — The switch points locked and the bar lowered,

Fourth and Lastly — Current is cut off from the motor, and
the terminals of the motor armature reversed for indication
purposes, this leaving the motor properly connected for the
next movement.

The motor is now on a closed circuit which includes the
indication magnet. Due to the momentum acquired during
the switch operation, the motor armature continues on several
revolutions for the generation of the momentary current
which energizes the indication magnet and thereby permits
the final movement of the lever to be completed.

The operation of the switch machine in the opposite direc-
tion is accomplished in the same manner as described above.

The changing of the motor connections at the end of the
switch operation is effected by the mechanical shifting of the
contact block in the pole changer (Figs. 42 and 46). In
addition to being mechanically operated, this contact block is
under the control of two sets of solenoid magnets, so that
should the switch fail to complete its movement the controlling
lever may be shifted, and, through the energizing of one
set of the magnets, cause the pole changer to set up the circuit
for the operation of the switch in the opposite direction.
This places the mechanism so under the control of the lever-
man that should the switch points be blocked with snow, ice,
ete., the points may be worked back and forth, frequently
dislodging the obstruction, thereby permitting the desired
movement of the switch to be completed.
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SAFEGUARDS

The switch mechanism is at all times safe-
guarded from false operation and its lever from
improper indication in the following manner:

With the switch lever in either its normal or
reverse position and the function at rest, the un-
authorized movement of such function due to cur-
rents wrongfully applied to its circuit is prevented
by the cross protection system as described on
page 89.

Circurrs FOR MopEL 2 orR MODEL 4 SwIiTcH MACHINE

While the lever is being moved to a position to
cause operation of the switch it is guarded from
premature (false) indication by the mechanical
design of the lever itself.

During the time when current is flowing through
the lever contacts for the operation of the function,
the safety magnet insures against the possible re-
ceipt of an improper indication due to an acci-
dental cross between the control wires of the func-
tion. The safety magnet is mounted beneath the
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indication magnet with the indication magnet armature resting
on its poles, some distance from the poles of the indication
magnet. The safety magnet coils are so connected in the
operating circuit that the whole operating current flows
through them, hence any current flowing through the indica-
tion magnet, due to a cross between the control wires of the
function, cannot exceed the current through the safety magnet.
The winding of the safety magnet is proportioned so that in
conjunction with the above two features, the indication mag-
net armature cannot be lifted by current resulting from a
cross as stated above.

F1c. 40. MobpeL 2 SwitcH MAcHINE. BUrrFALO CREEK INTER-
LOCKING Prant, L. 8. & M. S. R’y

From the time when the lever is moved to the new operating
position until the movement of the switch machine is com-
pleted, the indication selector further insures against the pos-
sible receipt of any improper indication, being so connected
that the operating current will attract its armature and close
the contact for the reverse indication only when the lever is
moved reverse, and the contact for the normal indication
when the lever is moved normal. It should be noted that
both the indication selector and safety magnet coils are con-
nected in series with the control circuit, therefore if the cir-
cuit through them is not intact, operation of the function will
be prevented.

hen the motor operating circuit is opened by the action
of the pole changer, after the switch has been locked in posi-
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tion, current ceases to flow through the safety magnet. There-
fore the armature of the indication magnet is no longer held
down, this permitting the indication to be effected upon
receipt of the dynamic current generated by the motor.

The mechanism is now at rest protected against any unau-
thorized movement in the same manner as before the con-
trolling lever was reversed.

Owing to the design of the operating circuits, the magnetic

Fra. 41. MopeL 2 SwitrcH MACHINE. CLINTON STREET INTERLOCKING
Prant, Carcaco TErmINAL, C. & N. W. R’y
Spring attachment shown is furnished with Model 2 switch machine
when detector bar is not installed.

control of the pole changer prevents the switch from being
moved by hand from the position occupied, except through
breaking the operating circuits by some such means as re-
moving the motor brushes. If this is done and the machine
moved to a position not corresponding with that of its con-
trolling lever, upon the replacement of the brushes, the switch
will 1mmedlately assume its proper position. Mampulatlon
of the pole changer by hand will not cause movement of the
switch out of correspondence with its lever.
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MODEL 2 SWITCH MACHINE

The Model 2 switch machine, illustrated by Fig. 43, con-
sists of the motor, gearing, lock movement and the pole changer
with its actuating movement. The gear frame and locking
movement are securely bolted to a tie plate as shown, to
which plate the stock rails are also securely attached, thus
rigidly maintaining all parts of the switch machine in their
proper relation to each other and to the rail.

Movement is transmitted to the various switch parts by the
motor through a train of spur gears.
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Fic. 42. PorLeE CHANGER FOR MODEL 2 SwWiTCH MACHINE

The locking plunger I and detector bar are actuated through
the lock crank H and the driving rod G, this latter being
directly connected to the stud F on the main gear D,. It will
be seen that a train occupying the track, in preventing the
initial movement of the detector bar, would make impossible
the withdrawal of the lock plunger from the throw and lock
rods, and therefore prevent any movement of the switch
points.

The switch points are thrown by the rod J and the cam
crank E due to the stud F on the main gear engaging with the
cam crank.

The operation of the pole changer B is effected through the
medium of the pole changer movement L by the last one-
eighth inch movement of the lock plunger I after it has passed
through the lock rod K (Fig. 146).
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Motor

Pole Changer
Friction Clutch
Main Gear
Intermediate Gear
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Stud on Main Gear
Driving Rod
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MopEeL 2 SwitcH MACHINE

H Lock Crank

I Lock Plunger

J  Throw Rod

K Lock Rod

L Pole Changer Movement

M Pole Changer Connecting Rod
N Detector Bar Driving Link
O Pin
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The design of the mechanism is such as to allow the switch
motor A, due to its acquired momentum, to continue its rota-
tion for the generation of the indication, which checks the
speed of the motor and brings it to rest without shock.

A friction clutch C is introduced into the connection between
the switch motor and the main gear to relieve the switch
mechanism from any injurious strain should it suddenly be
brought to stop by an obstruction in the switch points.

MoDEL 4 SWITCH MACHINE

The Model 4 switch machine shown in Fig. 44, is designed
with all operating parts within one case, and is especially
adapted for installation where clearances are limited. The

Fic. 45. Moper 4 SwitcH MAcHINE. NOBLE STREET INTERLOCKING
Prant, Carcaco TerminaL, C. & N. W. R’y

case, which affords complete protection against the weather,
provides a base plate for the mechanism, being bolted through
the tie plate to the head block and the next tie back (Fig. 149).
The operating parts consist of the motor A, a train of spur
gears, the main or cam gear D, the pole changer M, the throw
rod J and locking bar F.

The motor through the medium of the train of gears drives
the cam gear, from which gear the various parts of the switch
machine are operated.

The intermittent movement of the locking bar and detector
bar is accomplished by the engagement of rollers on the locking
bar with the cam slot on the upper side of the main gear.
Staggered locking is provided by the arrangement of the dogs
on the locking bar, these dogs being placed so that after one
dog has been withdrawn to release the lock rod, the switch
points must be moved to the opposite position before the other
dog can enter its slot in the lock rod. The throw rod is locked
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in both extreme positions of the switch by a bolt operated
from the cam movement.

The switch points are thrown at the proper time by a roller
on the lower side of the main gear engaging a jaw in the
throw rod.

The principles of the pole changer movement are essen-
tially the same as in the Model 2 switch machine, although the
mechanical method of effecting this action is accomplished
through the main gear movement and locking bar, instead of

Fia. 46. PorLe CHANGER FOR MODEL 4 SwIiTCcH MACHINE
Tripper arm N shown at the top of its vertical movement.

through the pole changer movement and locking plunger as in
the Model 2. Contact blocks S, and S, are operated from tripper
arm N which engages at the proper time with a cam either on the
upper or lower surface of the main gear D, depending on the
direction of travel of the mechanism. The tripper arm is
placed in a position to engage with the proper cam only after
the switch has been locked in position at the end of its move-
ment. This is accomplished through the medium of cranks
T, and T,, a roller U on the latter working in a cam slot on the
locking rod F,. The contact arm V (which corresponds with
the commutator T on the Model 2 pole changer, Fig. 42) is
operated by this same crank movement.
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The cam gear is designed to permit a free run of the motor
at the end of the operation of the mechanism for the purpose
of generating a strong and positive indication current.

A friction clutch, designed with large surfaces and lined with
fibre, is provided to protect the mechanism from shock, should
its movements be obstructed.

A switch circuit controller can be furnished if desired,
located within the mechanism case at the point indicated by
letter O. The operating part consists of a frame carrying
contact fingers and a cylindrical commutator W upon which
are mounted contact segments. As the switch is unlocked, a
disengaging arm X with roller Y working in a cam slot on the
locking bar F,, lowers the commutator out of engagement with
the contact springs. During the movement of the switch
points, the commutator is rotated on its axis through motion

s
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Fia. 47. Swirca CircuiT CONTROLLER FOR MODEL 4 SwiTcH MACHINE

transmitted from the switch points by means of a crank con-
nection, a sector (not shown) and pinions Z, and Z,. After
the points are locked in position the commutator is raised into
engagement with the contact fingers by the engaging arm and
cam slot movement. It will be seen that this control insures
the switch points are in position and locked in position before
the switch circuit controller can be closed. The maximum
capacity of the controller is ten independent circuits, the con-
tacts being adjustable in pairs to close as, desired at the
normal or reverse positions of the switch.

The switch mechanism can be used right or left handed
without change, as the lock and throw rods may be connected
from either side. A double locking cage is furnished when the
machine is to operate a double slip switch or movable point
frog, thus avoiding the necessity of using a plunger lock with its
special connections otherwise required for the second lock rod.

All parts are assembled in the factory and tested before
shipment under conditions approximating as nearly as possible
the service to be given the machine after installation.




MOTOR DRIVEN SIGNAL MECHANISMS

OTOR driven signals in the G. R. S. system of electric
interlocking are operated by mechanisms in which a
series wound motor is directly connected to the sema-

phore shaft through the medium of low reduction gearing. No
dash-pot or electro-mechanical slot is required for this type of
slgnalp The mechanism is applicable for use as a high or
dwarf signal.

The mechanisms furnished are of two types:

Fiirst, the non-automatic, which is entirely under the control
of a lever in the interlocking machine. Generally speaking,
this type is furnished for dwarf signals, and for such high
signals as will at no time require track circuit control.

Second, the semi-automatic, which is operated under the
joint control of a lever in the interlocking machine and the
track circuits in such sections of track as are governed by the
signal arm. The semi-automatic mechanism is also furnished
for non-automatic high signals when there is a possibility of
the signal arm being controlled by track circuits at some future
time, or in case it is desired to have uniformity in the type of
mechanism throughout the installation.

Either of the above types can be adapted for operation in
two or three positions, upper or lower quadrant, and to give
right or left hand indications as desired.

In the two position non-automatic signals, but one wire
besides the main common is required for its control, this wire
being used both for operating and indicating purposes. When
the signal is to operate in three positions an additional control
wire is required. In the case of semi-automatic control, an
additional wire may or may not be required, depending entlrely
upon the arrangement of the track circuits in the route governed
by the signal arm.

NON-AUTOMATIC SIGNAL CONTROL

The following description of the signal operation is based
on the circuit shown in Fig. 48 which is for the control of the
two position non-automatic signal mechanism.

Upon reversal of the controlling lever current is taken
from the positive buss bar through the lever contacts, the
control wire, the operating field and armature of the signal
motor, and thence to common through the various switch
circuit controllers as required. This causes the movement of
the blade from stop to the proceed position, upon the com-
pletion of which movement circuit breaker contact B opens
and A closes, this connecting the holding field of the motor in
series with the operating field and armature. The design of
the pole pieces on which the holding field windings are mounted,
is such that the magnetic flux, thrown across the air gap
between the motor armature and the pole pieces, magnetically
locks the armature against rotation and thereby retains the
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signal arm in the desired position so long as the cir-
cuit is intact. Since the holding field windings have
a high resistance the current used to hold the signal
in the proceed position is reduced to a minimum.

The signal lever is not indicated in the reverse
position, since no safety features are sacrificed, should
the signal fail to assume the proceed position upon
the reversal of its controlling lever.

‘When the lever is placed in its normal indication
position, energy is cut off from the motor and the
signal arm returns by gravity to the stop position,
this causing the gearing and motor armature to
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revolve backwards to their original position. Con-
tact A opens at the beginning of the movement and
contact B closes just before the signal arm reaches
the stop position, this connecting the motor arma-
ture and operating field in their original closed cir-
cuit in which isincluded the indication magnet. Due
to the acquired momentum of its armature, the
motor (now a generator) produces a dynamic current
in this circuit, which effects the release of the con-
trolling lever and permits it to be restored to the full
normal position. The generation of the indication
current effectually checks the speed of the returning
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mechanism and brings it to rest without shock to any of its
arts.

y In the case of the three position signal, operation from the
zero degree position to the forty-five degree position is the
same as described above. Operation from this point on to the
ninety degree position is ordinarily dependent upon the signal
in advance, it being necessary however that the controlling
lever be reversed before movement of the mechanism can take
place. The mechanism is held in its ninety degree position
through the medium of the holding fields in the same manner as
in the forty-five degree position. When the signal arm is re-
turning from the ninety degree position and is to be held at
the forty-five degree position, its movement is arrested at that
point by short circuiting a ““ snubbing ”’ winding on the motor
(winding and contact not shown in Fig. 48), which causes a
momentary current to flow in this winding, thereby bringing
the mechanism parts to rest. The semaphore arm is retained
in this position by current flowing through the retaining fields
of the motor, as previously explained.

SEMI-AUTOMATIC SIGNAL CONTROL

When it is desired to have the signal controlled semi-auto-
matically, the operation differs from that described above
in that the first forty degree movement of the mechanism
from the normal position does not affect the position of the
signal arm, but puts under tension a set of coil springs which
are strong enough to rotate the motor on the return movement
with sufficient speed to generate the current for energizing
the indication magnet on the lever. This preliminary move-
ment of the mechanism is always under the control of the
operating lever irrespective of whether the track circuit is
occupied or not, the receipt of the indication therefore not
requiring the restoration of the lever to the normal position
simultaneous with the entrance of a train into the controlling
track section. Any movement of the mechanism beyond this
point, however, is dependent upon the track circuit being
unoccupied.

Referring to the circuit for the two position semi-auto-
matic signal as shown in Fig. 49, it will be seen that upon
reversal of the controlling lever current is taken from the
positive buss bar through the lever contacts, the control
wire, the signal motor operating field and armature and thence
to common. This causes the operation of the mechanism
through its preliminary forty degree movement to the
zero degree position, at which point the mechanism will
be held against the tension of the coil springs, in the event
of the track circuit being occupied; this is accomplished by
circuit breaker contact B, opening and A, closing which
connects the holding fields in series with the operating fields
and armature of the signal motor. Should the track circuit
be unoccupied, the mechanism will not stop at this point but
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will continue its movement, current being taken
through the track relay contact and circuit breaker
contact B,; the movement of the mechanism from
the zero degree position on, carries the semaphore
blade with it to the proceed position. Just before
reaching this position circuit breaker contact B,
opens, and A, closes, again cutting the holding field
in series with the operating field and armature,
thereby retaining the signal mechanism and signal
arm in the proceed position.

Fia. 49.

Circuits For MopEL 2A, Two PosITION,
SEMI-AUTOMATIC SIGNAL

Upon the entrance of a train into the track section
controlling the signal, the opening of the track relay
cuts current off from the motor which causes the
signal arm and mechanism to return to the zero
degree position. The speed of the returning mech-
anism is checked at this point by ‘ snubbing ”’ the
motor in the same manner as at the forty-five degree
position of the non-automatic mechanism. Circuit
breaker contact A, closes, thereby retaining the
mechanism in the zero degree position during such
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time as its lever may be reversed; the control is so arranged that 4
a second clearing of the signal arm can be secured only after the |
mechanism has been returned to its minus forty (—40) degree
position. When the lever is restored normal, energy is cut off
from the motor and the mechanism, due to the tension of
the coil springs, is driven to its minus forty (—40) degree
position; just before reaching this position circuit breaker

Fic. 50. MoperL 2A DwAgrr SieNAL. Ewrecrric Drvision,
N.Y.C. & H.R.R. R.

contact B, closes, thus connecting the motor armature and
operating field in their original closed circuit in which is
included the indication magnet. Due to the momentum of
the motor armature acquired during this movement, the motor
(now a generator) builds up the momentary dynamic current
necessary to energize the indication magnet and release the
lever, thereby permitting it to be restored to its full normal
position.

Should the controlling lever be placed normal before the
entrance of a train into the controlling track section, the signal
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arm and mechanism returns to the zero degree or stop
position, and the mechanism continues its rotation to the
minus forty (—40) degree position due to the action of the
indication springs; when within a few degrees of the end of its
travel, the dynamic indication for the release of the controlling
lever is generated as described above.

Fic. 51. MobeL 2A DwARF SieNALs. CHICAGO TERMINAL,
C.& N.W. Ry

It will be seen that the operation of the signal mechanism
proper, from the time the signal blade begins its movement
toward the proceed position until its return to the stop posi-
tion, is the same as that of the non-automatic signal, the
indication springs being in no way depended upon to bring the
signal arm to the stop position. This same statement applies
also to three position operation of the semi-automatic
mechanism,
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Fic. 52. MopernL 2A NON-AUTOMATIC SIGNAL MECHANISM
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MODEL 2A NON-AUTOMATIC SIGNAL MECHANISM

The non-automatic signal mechanism (Fig. 52) consists
essentially of three main parts, the motor, a_train of gears
and the circuit breaker. These are all housed in a weather
proof case, which is provided with doors to give convenient
access to all parts.

When the mechanism is used for the operation of high
signals, it is fastened to a clamp bearing (Fig. 54) which
carries the semaphore shaft S, the design of this bearing
permitting the mechanism to be supported at any desired
height on the signal mast and at any angle to the track. The
bearing is equipped with a spring stop P, which besides acting
as a buffer permits the close adjustment of the signal blade in
its stop position. A universal coupling L, L,, L, introduced
between the driving shaft J and semaphore shaft S, lends
itself to a simple means of locking the signal arm in the stop
position in such a way as to prevent improper operation of
the signal by any outside agency.

‘When the signal mechanism is to be used for the operation
of a dwarf signal, it is bolted to a stand (Fig. 55) carrying
the spectacle shaft T and provided with springs U; and U,
‘which are for the purpose of giving sufficient returning torque
to the dwarf signal arm to cause it to assume the stop position
when the current holding it at proceed is cut off. This is
necessary since the dwarf signal arm cannot be readily designed
to have sufficient weight so that gravity can be depended upon
for returning it to the stop position. The complete dwarf
mechanism takes up but little room which permits it to be
installed where clearances are limited, as is illustrated by
Fig. 202.

The motor A used in the signal mechanism is of the four
pole type, two of these poles being modified in such a man-
ner as to permit the motor armature to constitute the means for
holding the signal arm in the proceed positions. This modified
design consists of serrating the surfaces of these two poles,
so that when the holding field windings are energized, a dense
magnetic flux will flow across the air gap between the pole
pieces and the motor armature in such a manner as to pre-
vent rotation of the armature, and, consequently, movement
of the signal blade. Owing to the high resistance of these
windings the amount of current used for the purpose is re-
duced to a minimum. The ‘““snubbing’ winding previously
referred to is entirely independent from the operating wind-
ings of the motor, its function being to check the speed of the
motor when it is desired to hold the signal arm in the forty-
five degree position.

A friction clutch is introduced between the motor A and
its driving pinion C to insure that no undue strain whatsoever
will be transmitted to the mechanism gearing.

The gearing is designed with heavy teeth and large clear-
ances as shown by Fig. 53, this latter insuring that the
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mechanisms will run freely in either direction and that no
ordinary obstructions such as dirt, cinders, waste, etc., will
interfere with its movement; only five foot pounds at the
semaphore shaft are required to run the mechanism back to
its normal position.

Fic. 53. Di1aGrAM ILLUSTRATING GEARING CLEARANCE
1IN MopbeL 2A SiGNAL MECHANISM
Scale, full size.

The circuit breaker B is a complete unit operated from the
main driving shaft J by means of the segmental gears K,
and K, It consists of a frame carrying contact fingers and
a revolving commutator on which are mounted contact seg-
ments as required. The circuit breaker has a maximum



ELECTRIC INTERLOCKING HANDBOOK 79

capacity of fourteen circuits, such contacts as are used to
control operating and indicating circuits being arranged to
be quick acting, “snapping’ over from one position to the
other at the proper predetermined time. Each contact finger
is provided with convenient means of adjustment, and by
means of a locking finger is positively protected again acci-
dental displacement.
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Fi1c. 56. MODEL 2A SEMI-AUTOMATIC SIGNAL MECHANISM
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MODEL 2A SEMI-AUTOMATIC SIGNAL MECHANISM

The semi-automatic signal mechanism (Fig. 56) consists
essentially, as does the non-automatic mechanism, of a motor,
a train of gears and circuit breaker, with the addition, however,
of the spring attachment which is used to produce rotation of
the motor armature for indication purposes after the signal
arm has reached the stop position. These parts are enclosed
in a weather proof case similar in construction to that used for

Fic. 57. MopeL 2A SEMI-AUTOMATIC SIGNAL

the non-automatic signal, the design permitting the mechanism
to be fastened to a clamp bearing for mounting on high signal
masts or used in connection with a stand for operation as a
dwarf.

The motor, train of gears and circuit breaker are essentially
the same as those described above, it being therefore only
necessary to touch upon the design of the indication spring
attachment and the universal coupling, these being the only
points in which this signal is radically different from the non-
automatic previously described.

The initial free movement of the mechanism is accomplished
by having one shoulder of the coupling I, so cut away that
a forty degree rotation of the driving shaft J is necessary
before it will engage with the semaphore shaft S, this movement
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as previously mentioned putting under tension the pair of coil
springs N, and N,.

Fig. 58 shows diagramatically this spring attachment and the
manner in which the springs N, and N, are put under tension;
it will be noted that the two coil springs are connected to the
driving shaft J by means of an equalizer O and a curved link

o~ Lost motion betrieen

Sector H and Spectacle
\\ sector operated by motor
‘through train of gears.

Fia. 58. DiacrAM SHOWING OPERATION OF SPRING ATTACHMENT USED
1IN MopEL 2A SEMI-AUTOMATIC SIGNAL MECHANISM

M, one end of which is fastened to the main sector H on
the driving shaft J. As is clearly illustrated by the various
positions of the device the design is such that the springs do
not exert any torque on the mechanism after the blade has
moved a few degrees from the stop position; therefore it is
plain that the springs are in no way depended upon for the
restoration of the blade to the normal position.



SOLENOID DWARF SIGNAL MECHANISMS

OLENOID dwarf signals used in the G. R. S. system are
designed to operate in two positions, upper or lower
quadrant, with a forty-five, sixty or ninety degree travel

of the arm. Two sets of magnet windings are provided,
which consist of operating coils of low resistance and holding
coils of high resistance. The movement of the solenoid
magnet plungers is transmitted by means of suitable con-
nection to the dwarf spectacle.

1

Fic. 59. MopEeEL 2 SOLENOID DWARF SIGNAL

DWARF SIGNAL CONTROL

Each of these mechanisms requires for its operation a con-
trol wire, and since it is impracticable to secure a dynamic
indication from a signal of the solenoid type, an additional
wire is required for indication purposes. The circuit is con-
nected to main common either at the dwarf location or
through contacts on switch circuit controllers when required.

Upon reversal of the controlling lever (Fig. 60), current is
taken from the positive buss bar through the lever contacts,
the control wire, and the solenoid operating coils A, and A,
to common. This causes movement of the signal arm from the
stop to the proceed position. As the arm reaches the pro-
ceed position, the circuit breaker contact C opens, which
connects the high resistance holding coils B, and B, in series
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Fia. 60.

with the operating coils, the flow of current being
thereby reduced to the minimum required to retain
the arm at proceed. The full movement of the
lever to the reverse position is accomplished by
means of a local battery indication.

When the signal lever is placed at its normal
indicating position, all energy is cut off the coils
and the signal arm returns to the stop position.
As the arm reaches this position, contact D is
closed, this permitting the indicating magnet to be
energized by current taken from the main bat-

Circurrs FOR MoDEL 2 OR MoDEL 3
SoLENOID DWARF SIGNAL

tery, which effects the release of the controlling
lever and -allows its normal movement to be com-
pleted. It will be noted that as soon as the lever
is moved past the indicating point, the indication
circuit is opened at the lever, to prevent unnec-
essary waste of current.

MODEL 2 DWARF SIGNAL MECHANISM

The Model 2 dwarf signal mechanism (Fig. 61),
which consists of the solenoid magnets, a rack and
pinion movement and crank, is mounted in a case

8
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which, in addition to supporting the mechanism, is designed
to carry the dwarf spectacle shaft. A hinged cover on the
top of the case gives convenient access to the mechanism.

The movement of the yoke F' connecting the solenoid plung-
ers E, and E,, is transmitted through the medium of the rack
G and pinion H to the crank J, and thence by means of the
connecting rod (not shown) to the dwarf spectacle shaft.

When in the stop position the signal arm cannot be moved
by any outside agency, due to the crank J being “on center”’
at that point.
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Fic. 61. MopEL 2 SOLENOID DWARF SIGNAL OPERATING
MECHANISM
A,—A, Operating Coils F Yoke
Bl B2 Holding Coils G Rack
C Operating Contact H Pinion
D Indicating Contact J Crank

E,-E, Solenoid Plungers

The circuits for the control of the mechanism are broken
through pairs of springs which make contact at the proper
time with metal pieces, fastened to a commutator mounted
upon the same shaft as the pinion H. The operating contact
C is designed to hold its circuit closed throughout the move-
ment until the blade has assumed the proceed position. The
indicating contact D is closed only when the blade is in the
stop position.
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MODEL 3 DWARF SIGNAL MECHANISM

The Model 3 dwarf signal mechanism (Fig. 63) consists of
the solenoid magnets and an operating rod which is directly
connected to the dwarf spectacle shaft. This mechanism is
mounted in a case which is designed to carry the dwarf spec-
tacle shaft and is provided with a sliding cover to permit
ready access to the operating parts.

The operation of the mechanism is similar in principle to
that of the Model 2 dwarf except that the movement of the

Fia. 62. MopEL 3 SOLENOID DWARF SIGNAL

magnet plungers E; and E, is transmitted directly to the
spectacle shaft through the operating rod G, a roller H on the
operating rod working in an escapement crank (not shown)
on the semaphore shaft. The design is such that when the
signal is in its normal position, the arm is locked against
movement from the outside.

The overall dimensions of the signal are such as to allow its
location where the available clearances will not permit the
use of the Model 2 dwarf signal.

The circuit breaker contacts consist of pairs of springs
which are bridged by contact rollers, actuated by the oper-
ating rod G. In the case of the indicating contact D and
spare contact J, the contact rollers are fastened to and
move with the operating rod, the design causing the contacts
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MopeL 3 SoLENOID DWARF SIGNAL OPERATING

Fig. 63.
MECHANISM
A,—A, Operating Coils F  Yoke
i G Operating Rod
H Roller

B,—B, Holding Coils
Q Operating Contact
J  Spare Contact

D Indicating Contact
E,-E, Solenoid Plungers
to open with the first movement of the arm towards the pro-

The roller for the operating contact C is car-

ceed position.
ried by an arm, which is raised by engagement with a collar
on the operating rod, when the dwarf spectacle has assumed .

the proceed position.
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CROSS PROTECTION APPARATUS

PrinciPLES OF G. R. S. CROss PROTECTION

HE G. R. S. cross protection system prevents the unau-

I thorized movement of any switch, signal, or other func-

tion, in the event of current being improperly applied to
its circuit, by the cutting off all energy from the function.

As briefly outlined in the pages on the “G. R. S. Electric
Interlocking System,” it has been seen that all functions
while at rest are normally on a closed circuit of low resistance;
that inserted in each of these circuits and located on the ter-
minal board of the interlocking machine, is a polarized relay
of very low resistance connected in such a manner that all
currents, caused to flow through the circuit by the manipu-

CIRcUIT BREAKER A

tf EnerGIZED CONTROL WIRE =,
—0 D
J =
~0
+ L 5B L
== X
= T
o Your =~ M Y
BATTERY = POLARIZED RELAY e Sl
] Ca
< ~
R FUNCTION AT REST /1/
FUNCTION BEING OPERATED
Fia. 65. SIMPLIFIED CIRCUIT SHO“’ING THE PRINCIPLES OF THE

G. R. S. Cross PROTECTION SYSTEM

All functions when at rest are on closed circuit as shown by function C.
All normal currents will flow through the polarized relay B in the direction
indicated by the heavy arrows, but all currents due to a cross in the oppo-
site direction as indicated by the dotted arrows. Hence current supplied
through a cross X will open polarized relay B, which will cause circuit
breaker A to open and thus cut current off the Qystem

lation of the lever, must pass through the relay in a direction
to maintain its contact closed, while all currents which may
be applied through any other channel must pass through this
relay in a direction to cause it to open its contact; and that
this operation breaks the control circuit of the cross protec-
tion circuit breaker, causing it to open and cut power off that
section of the system affected, thereby preventing the unauthor-
ized movement of the function. The principles involved will be
made evident by reference to Fig. 65, from which circuit has
been eliminated all detail connections, contacts, ete., only
such parts being shown as are essential to the explanation.

In Fig. 64 there is shown in full circuit detail all apparatus
and contacts pertaining to a switch function, a signal function,
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and the system of cross protection. By tracing out these
circuits it will be found that the circuit conditions as shown
in Fig. 65 exist and afford the protection claimed.

OPERATION OF THE CROSS PROTECTION CIRCUIT BREAKER

The circuit breaker construction and its manipulation are
clearly illustrated by Fig. 66, the position in Fig. 66C cor-
responding with that of the circuit breaker in Fig. 64. The
various parts of the circuit breaker which make contact with
each other are indicated by similar letters.

It has been shown that current applied from an unauthor-
ized source to the circuit of a function at rest, causes the
polarized relay in that function’s circuit to open its contact
and interrupt the circuit through the retaining magnet of the
cross protection circuit breaker. When this occurs the cir-
cuit breaker armature is released and the Z contacts are
opened, the armature falling to such a position (Fig. 66A)
that it cannot be drawn up against the pole pieces by the
magnetic pull which will be exerted when the retaining magnet
is again energized through the restoration of the polarized
relay armature. To inform the leverman that the circuit
breaker is open, a red lamp is lighted by the closing of the Y
contacts.

With the circuit breaker open as in Fig. 66A, the positive
and negative feeder wires between the battery and the inter-
locking system are opened at the Z contacts, therefore the
cross can have no effect. The polarized relay which had its
armature reversed will identify the function affected and, upon
the cause of the trouble being removed, the armature of this
polarized relay will remain in its normal position, when re-
placed by the operator. This will cause the retaining magnet
of the cross protection circuit breaker to be energized, and,
by raising the restoring handle to the position shown in Fig.
66B the circuit breaker armature is restored to its operating

osition where it will be retained by the circuit breaker magnet.
%his action closes the Z contacts, but at the same time.opens
the X contacts, through which contacts are also broken the
positive and negative feeder wires, this preventing the appli-
cation of current to all functions controlled by the circuit
breaker until the restoring handle is returned to its normal
position. The red light is extinguished when the circuit
breaker armature is restored.

Figs. 24 and 25 illustrate a typical operating switchboard,
one view showing the cross protection circuit breaker exposed
and the other with its cover in place. It will be noted that
the only portion of the circuit breaker which is accessible to
the leverman is the restoring handle projecting from the slot
at the bottom of the cover. A shield attached to this handle
closes this slot when the handle is in the normal position,
thereby protecting the internal parts against manipulation in
any way except by means of the restoring handle. As
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explained above, so long as the handle is held in a position to
interfere with the release of the contacts normally retained by
the magnet (Fig. 66B), energy is withheld from all functions
under the control of the circuit breaker. These features make
the cross protection system fully effective at all times, even
though force of circumstances may require its being temporarily
under the charge of unskilled employees.

When it is desired to retain such signals in the proceed
position as may be occupying that position when the circuit
breaker opens, resistance units R and R, (shown dotted in Fig.
64) are connected so as to bridge the X and Z contacts, these
units permitt.ng the flow of an amount of current sufficient to
hold a limited number of signals at proceed. Their resistance
is so high, however, that the mechanism requiring the least

Fi1a. 67. PorArizED RELAY

current for its operation cannot be put in motion if energy
should be applied to its circuit when the circuit breaker is open.
The resistance units are shown in position on the operating
switchboard in Fig. 24.

THE POLARIZED RELAYS

The polarized relay inserted in the indication circuit of
each of the operated functions, and mounted on the terminal
board of the interlocking machine, is shown in Fig. 67. The
windings are so designed that the armature of the relay for
a switch, signal, ete., will reverse on about one-half the current
required to just move that function of the same type which
requires the least current for its operation. From this it will
be seen that the windings of the polarized relays used with
different types of functions have different resistances.

On the switchboard there is shown in Fig. 24 a polarized
relay similar to those mounted on the interlocking machine,
the position of this relay in the circuit (Fig. 64) being indi-
cated by the letter “A.” This relay guards against crosses
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between the buss bars on the interlocking machine, such as
might be accidently caused by the maintainer’s tools when
he is working about the machine. From the position of the
relay in the circuit, it will be seen that any current reaching
the indication buss bar through such a cross will flow in the
direction opposite to that of the indication currents, this
causing the relay to reverse its contact in the same manner as
the polarized relays previously described. Since the relay on
the switchboard is common to all circuits, its winding is
designed to render it much less sensitive than those on the
interlocking machine.
SAFEGUARDS

To show that the system in addition to being extremely
simple, is also fully safeguarded, the following points are
mentioned :

First — The closed circuit principle is employed for all
parts of the cross protection system.

Second — All contacts or connections depended upon for
protection against crosses are also used in operation and,
hence, are checked as to their integrity every time a complete
operation of a function is made.

Third — The polarized relay contact, in addition to opening
on a reversed direction of current, will also open upon loss of
magnetism in the permanent magnet of the relay.

Fourth — An open circuit in the polarized relay prevents
indication.

SECTIONALIZING OF PLANTS

In connection with a comparatively simple track layout, it
is common practice to install only one cross protection circuit
breaker, which prevents the movement of all functions during
such time as it may be open. At busy plants having a large
number of routes which can be used simultaneously, it may be
considered undesirable to have the whole plant affected by
derangement at a single point, in which case the plant may
be divided into sections, the functions in each section being
controlled through separate circuit breakers. This permits
uninterrupted operation of traffic through the sections not
directly affected.

In addition to the cross protection circuit breakers required,
it is necessary to install switchboard polarized relays and also
common return wires for each section in the interlocking plant.
The positive buss bar and indication buss bar must be divided
to correspond with the sectional division of the functions. It
is essential that there be no connections between the various
buss bars or the common return wires, except where they
join the energy mains from the battery, under the protection
of their respective cross protection circuit breakers.

There may be certain situations where conditions will
warrant the additional expense of employing individual cross
protection circuit breakers for each switch and each group of
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signals. This would mean that a cross applied to a given
switch, for example, would merely make that particular func-
tion inoperative without interfering with any of the other
functions. The use of individual cross protection circuit
breakers requires the running of a separate return wire for
each of the functions or groups of functions concerned, and
dispenses with the main common previously mentioned.

The device (Fig. 68) employed for this purpose consists of
a modified form of the regular polarized relay, provided with
suitable contacts and a restoring handle. The contact pres-
sure is increased over that of the regular polarized relay, at the
same time retaining the relay’s sensitiveness to reverse currents,
the contacts are heavier in design, and the iron in the magnet
is so distributed that a powerful magnetic blowout is obtained
which effectually extinguishes any are resulting from currents
flowing through the contacts at the time of their opening.
The principles involved in the making and breaking of the
circuits, and in the restoration of the relay armature to the
operating position after having been reversed, are similar to
those of the cross protection circuit breaker previously de-
scribed. The device, as installed, is enclosed in a sealed case
(Fig. 69) to prevent any improper manipulation of the
circuit breaker parts.

This protective apparatus is mounted on the terminal board
of the interlocking machine, occupying the same space as the
regular polarized relay. The device, which is exceedingly
simple in construction, is in no way subjected to weather con-
ditions and is much more accessible than if located in the
field at the various switches and signals, as is the ordinary
practice with some systems employing individual cross pro-
tection.

TESTS FOR CROSS PROTECTION

It has previously been stated that all contacts and connec-
tions depended upon for cross protection are under a constant
automatic check during the regular operation of the different
functions; therefore tests on the cross protection system are
in no way requisite in the same sense that tests are necessary
on switch points, to determine with what maximum opening
the switch points can be locked. It is considered, however,
that the satisfaction of having a working demonstration of
the existence of the cross protection more than repays the
slight trouble involved in making it one of the points to be
checked up, on the regular inspection trip.

The time chosen for conducting such a test should be when
the voltage on the system is at the highest point attained in
service. This will be when the interlocking battery is being
chzlu'ged, at which time the current will run up above 140
volts.

The tests on the various switch functions may be secured
by making a connection between the normal and reverse operat-
ing wires on the pole changer. )
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F1a. 68. Inxprvipvan Cross ProTection CIrcUIT
BREAKER
Cover removed.

Fia. 69. InbrvipvanL Cross Prorecrion Circulr
BREAKER
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In testing signals, the necessary energy may be obtained at
the nearest switch mechanism, since one of the switch control
wires is always connected to battery positive (Fig. 64). Tke
test should be made by connecting energy onto the signal
control wire as near as possible to the signal motor, and if the
signal circuit is connected to the common return wire through
one or more switch circuit controllers, the energy should be
applied to this wire, care being taken to first open the connec-
tion to the main common wire. Failure to open this connec-
tion to common in all probability will result in blowing a fuse
in the switch circuit from which the energy is being taken for
the test, since under these conditions a short circuit to the
common return wire is created.

Where the plant has been sectionalized, one or two functions
in a given section should be crossed up with wires taking energy
from each of the other sections. In case the functions in the
various sections are widely separated, these crosses may be
made between the binding posts in the terminal board of the
interlocking machine, to avoid running a conductor long dis-
tances over ground. This test will insure that the proper

division of the functions was made at the time of installation,

and that no undesirable connections have since been made.

For the first test after an interlocking system has been
installed it may be well to connect an adjustable resistance in
the wires used in making the crosses, starting with the resist-
ance all in and gradually cutting it down until the circuit
breaker opens. For the periodical tests which some railway
companies carry out this resistance is generally considered
unnecessary.



ACCESSORIES

MODEL 3 FORM D SWITCH CIRCUIT CONTROLLERS

Fic. 70. Mopoer 3 Form D SwitcH
Circurr CONTROLLER
Two circuits, normal or reverse.

Fic. 71. Moper 3 Form D

SwitcH CircuiT CONTROLLER

Two circuits normal and two
reverse.

Fia. 72. Moper 3 Form D Swirca
Circurr CONTROLLER
Four circuits normal and four reverse.
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MODEL 5 FORM A SWITCH CIRCUIT CONTROLLER

The Model 5 Form A switch circuit controller arranged for
selecting signal circuits is shown by Figs. 73, 74 and 75. The
operation of the contacts, which are forced open and forced
closed, is effected through a cam movement, which causes
all wear to come on heavy iron parts and not on the contacts.

The contacts may be adjusted in pairs to make normal or
reverse contact as required. One pair is adjusted by
means of the screw jaw on the connecting rod and the other
pair by means of the cam (Fig. 187), the parts after adjust-
ment being positively locked against working loose. The
contacts and binding posts are mounted on a vertical panel
which gives convenient access to the binding posts when
“connecting up "’ and permits ready inspection of the contacts.

Fia. 73. MopoeL 5 Form A Swirca CirculT CONTROLLER

Two eircuits normal and two reverse, or four circuits normal, or four
circuits reverse.

The case is provided with main and supplementary covers
as shown by Fig. 74, the latter protecting the contacts from
frost and condensation at all times, and when the main cover
is open, from rain. The trunking cap and operating crank
may be applied to either side of the circuit controller as proves
most convenient in installation.

THREE POSITION D.C. MOTOR RELAY

The Three Position D. C. Motor relay is especially designed
for wireless control automatic block signaling, but is readily
adapted for use with three position polarized line circuits.

The operating mechanism consists of a small direct current
motor having powerful permanent magnet fields with ample
air gap between the armature and pole pieces. The contacts
are moved from the de-energized position to either of the
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"
Fic. 74. MopeL 5 Form A Swirca Circuir CONTROLLER FOR SELECTING
SIGNAL CiRcUrTs—MAIN AND SUPPLEMENTARY COVERs OPEN

Fi1G. 75. MopeL 5 Form A Swirca Circuir CONTROLLER FOR SELECTING
SiaNAL Circuits—MaIN Cover OPEN
Two circuits normal and two reverse, or four circuits normal,
or four circuits reverse.



100 GENERAL RAILWAY SIGNAL COMPANY

energized positions by the rotary motion of the motor armature,
the movement of which is transmitted to the contacts by
suitable link connections. The closing of one or the other
sets of contacts is accomplished by a partial rotation of the
armature, the direction being dependent on the polarity of
the operating current.

The contacts have the same opening and pressure, and are
similar in design to those used in the regular Model 9 D. C.
relay. The maximum equipment of contacts in the four way
relay, shown in Fig. 76, is four normal and four reverse,
with four contacting fingers. It is to be noted that when
used in connection with wireless signaling on polarized track
work, the signal control is broken through one set of con-

F1c. 76. TurREE Posirion D. C. Moror RELAY
Four way.

tacts only, while in the Eolar—neutral relay the control must
be broken through both polar and neutral contacts. This
same holds true for the track control, which, owing to
the decreased resistance of the contacts introduced into the
circuit, means that cut-sections can be employed to as great
an extent in polarized track circuit work, through the use of
this relay, as in the case of neutral track circuits employing
the ordinary two position relay.

The relay has several other important features which should
be noted. The design is such tgat the chance of having the
polarity reversed by a large flush of current or by lightning is
so remote as to be negligible. The relay is not subject to
residual magnetism troubles in any way, as its operation
depends on current only, and not on electro-magnetic traction.
This being the case, the drop away (50 per cent. of the normal
pick up) cannot change with time, and once fixed, always
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remains the same. The overall dimensions are such as to
permit its installation in the space required by a D. C. tractive
type relay having the same contacting capacity.

TRACTIVE TYPE D. C. RELAYS

Fig. 77. Moper 9 D. C. SHELF RELAY
Four way.

Fic. 78. Moper 9 D. C. WALL RELAY
Four way.
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TRACK DIAGRAMS AND MANIPULATION CHARTS

To facilitate the manipulation of the levers of the inter-
locking machine, it is customary to mount within full view of
the leverman a diagram of the track layout showing the rela-
tive location of all interlocked switch and signal functions,
also a chart listing the various routes through the plant and
the order in which the levers are to be moved in setting up
each of these routes. By referring to the chart, the leverman
is guided in manipulating the levers in the sequence imposed
by the mechanical locking between levers, thus aiding him
greatly in the handling of the traffic passing through the plant.

F1a. 80 Fic. 81
MoprrL 9 D. C. INDICATOR

Four way.

The track diagram and manipulation chart are usually com-
bined in one plan and mounted in a single frame, unless their
combined size is prohibitively large, in which case they are
framed separately.

INDICATORS

For a long time it has been customary to give to the lever-
man an indication of the trains approaching the interlocking
plant; with the advent of route locking and the semi-auto-
matic control of signals, and the consequent general use of
track circuits within the interlocking limits, this practice has
been extended to indicating at the interlocking station, the
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) Fi1c. 82. Mooen 9 D. C. INpicATOR GROUP
Cover removed.

condition of all the track sections within the plant. This
supplements the information given by the track diagram and
manipulation chart, and adds considerably to the facility
with which the traffic is handled.

The approach sections are usually repeated by disc indicators
and the different track sections between the home signal
limits by semaphore indicators. These are generally located
on the wall of the operating room near the track diagram,

Fig. 83. Moper 9 D. C. INpicaTOoR GrROUP
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Fic. 84. Moper 9 D. C. InpicATOorRs. LARKE STREET INTERLOCKING
Prant, Curcaco TerminaL, C. & N. W. R’y

being mounted either separately with individual covers or on
a common frame with a single cover. The indicators, as shown
by Figs. 81 and 82, may be equipped with contacts and thus
perform the functions of a relay in addition to those of a
repeater.

ILLUMINATED TRACK DIAGRAMS

A method of indicating the occupancy or non-occupancy
of the various track sections, rather more elaborate than by
the use of repeating indicators, is through the employment of
the illuminated track diagram. This type of indicator is
of great assistance on extremely busy plants where it is
necessary to know when a train has cleared each route or
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section of a route, in order to promptly prepare for
the next train movement. It is practically essential
wherever it is not possible for the operator to ob-
tain a clear view of the tracks within the inter-
locking limits. s

The device consists of a boxlike frame, the front
or cover of which is glass, painted to leave trans-

ILLuMINATED TRACK DIAGRAM AND MANIPULATION CHART.
Hupson Tun~ers, H. & M. R’y

LRICTED DY WD UNDER T PTENT AT

THIRTY-THIRD STREET STATION,

arent the track layout and to show the relative
ocation of the various switch and signal funections.

~One or more miniature incandescent lights are

located in a slot or channel behind each track sec-
tion, the condition of the track -circuit usually

being indicated by whether or not the bulbs are’

lighted.

90T
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SECTION III

G. R.S. ALTERNATING CURRENT
APPLIANCES

DESCRIBING A. C. RELAYS AND THEIR
USE IN INTERLOCKING WORK; ALSO
SINGLE AND DOUBLE RAIL A. C.
TRACK CIRCUITS, AND TRANSFORMERS



ALTERNATING CURRENT RELAYS

HE following pages have been written with the object of

acquainting those interested in this type of apparatus

with the principal characteristics and proper application
of the various alternating current relays manufactured by the
General Railway Signal Company.

PoINTS TO BE CONSIDERED IN SELECTING AN ALTERNATING
CURRENT RELAY

In selecting any alternating current relay for a given purpose,
the following should be taken into consideration:

Flirst—Is the device to be used as a track relay or a line relay ?

If it is to be employed as a track relay, in all proba-
bility it will be exposed to the influence of traction or foreign
currents, and must, therefore, be of such design that it will not
respond to currents other than that intended for its operation.
Furthermore, if the track circuits are very long or the ballast
very bad, or if the relay is to be located a long distance from
its point of connection to the rails, the relay should necessarily
require very little energy from the rails in order to avoid cut -
sections or undue energy consumption. On the other hand,
when the opposite conditions exist, these relays need not be
so highly efficient and consequently may be smaller and less
expensive.

If required for use as a line relay the device will rarely be
installed where it will be exposed to the influences of foreign
or traction currents, and when such is the case, can be of
simpler, smaller, and less expensive design.

Second — Is two or three position operation required?

In this connection it should be noted that the amount of
line wire can frequently be reduced by the employment of
relays which have normal, reverse, and de-energized positions.
To secure the equivalent of this using two position relays it
may be necessary to install twice as many relays and additional
line wire. A concrete example of this is the application of
three position relays to polarized track circuit work in which
the caution and clear positions of a signal are given over the
track rails by reversing the polarity, and without the use of
line wires at all.

Third — How many and what kind of contacts is the relay
to have?

It frequently happens that as many as ten or twelve
contacts are required and that these contacts must carry
at comparatively high voltage a large amount of current;
in other cases but few contacts and these carrying very
light currents are necessary. Furthermore, contacts equipped
with “magnetic blowouts” may be needed to extinguish ares
which otherwise would be established in the handling of heavy
direct currents. These are features which often determine
the selection of the relay.
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Fourth — Generally speaking, the question of whether a
relay is to be of high or low efficiency, and whether it would
pay to spend more or less for it, should be decided on the same
basis that is used in selecting any piece of apparatus, viz:
having determined the total cost of the device in place, includ-
ing any necessary auxiliary devices, it is then proper to esti-
mate the cost of the energy required for its operation, and
that relay which will answer the purpose and cost the least,
considering first cost, energy consumption, maintenance charges,
interest, and depreciation, should, of course, be the one to use.

MoDEL 2 FORM A POLYPHASE RELAY

The Model 2 Form A relay is especially designed for power-
ful and efficient operation on very long track circuits. As

F1c. 86. MoprL 2 Form A PoLypHASE RELAY
Four way.

an evidence of this efficiency, it may be pointed out that with
minimum energy consumption it has given perfect operation on
track circuits of from three to four miles in length, and with
ballast conditions far from favoring good track circuit operation.

The relay is operated by a polyphase motor, which consists
of a non-magnetic rotating shell or “rotor,” and fixed inner
and outer cores, the outer core being the “stator’ on which
the windings are placed. These windings are designed and
connected so as to produce (with alternating current applied)
a rotating magnetic field, which in turn will induce currents in
the non-magnetic rotor causing it to operate. (Direct currents
cannot produce this rotary field and, therefore, cannot cause
operation.) The rotor is ordinarily connected to the con-
tacts through the medium of a pinion and sector arrangement,
thereby multiplying the effect of the rotor and permitting the
operation of a large number of contacts with a very small

.
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amount of energy applied. Furthermore, as it is possible to
supply most of the energy to the stator from a local source,
only a small amount of energy is required from the rails to
cause the relay to operate. These two points permit the
operation of very long track circuits without the use of cut
sections or undue energy consumption.

The relay is universal in its application, in that it may be
wound for operation on steam roads, electric roads using
either A. C. or D. C. propulsion, or for operation as a line
device. Furthermore, it can be adapted for use on any
frequency current, for two or three position operation, and
may be made fast or slow acting.

The contacts are unusually heavy in construction and are
so designed that any combination of front, back, or front and
back contacts can be secured, changes being easily made on
the ground if des1red Spec1a1 contacts equipped with the

“magnetic blowout” referred to on page 109 can also be fur-
nished. The contact housing for the four and six way relays
accommodate eight and twelve contact fingers, respectively,
these controlling eight or twelve independent circuits.

MopEL 2 ForM B RELAY

The Model 2 Form B relay operates on the same general
principles as the Model 2 Form A, employing the non-mag-
netic rotor which permits it to operate with the same degree
of safety and reliability. It is designed primarily to operate
as a line deviece but may be used in connection with track
circuits to a limited extent; for instance, as a track relay for
short track circuits on steam roads, or for short double rail
track circuits on roads using direct current for propulsion.
While the relay’s efficiency is approximately but half that of
the Model 2 Form A it compares well, nevertheless, with other
A. C. relays on the market. It operates on 25 or 60 cycle
current, in two or three positions, and can be furnished either
slow or quick acting.

The Model 2 Form B relays have about the same overall
dimensions as a D. C. relay of the same contact capacity, this
feature permitting their installation in housings previously
occupied by D. C. relays. The relay is assembled as a shelf
or wall type device, as a tower indicator or as an interlocking
relay. The contacts are limited to a maximum of four
front and two back, or six front and two back, in the four
and six way relays, respectively.

MopEL 3 ForM B RELAY

In the Model 3 Form B relay, the same construction is used
for the housing, contact arrangement, etc., as in the Model
2 Form B. The actuating movement is essentially the same
as that of the Model 2 Form B, with the exception that it
operates in two positions only and is a single phase device.
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Due to this feature the relay does not require the presence of
local energy which is sometimes difficult to provide for. The
relay is equipped with a non-magnetic rotor and is designed
primarily for use in connection with single rail track circuits
on direct current electric traction roads.

MobpEL Z ForM B RELAY

The Model Z Form B relay uses the same housing and is
provided with contacts of the same design and arrangement
as the Model 2 Form B and Model 3 Form B relays previously
described.

The Model Z relays are provided with a bipolar stator,
with windings on each of the poles, and a rotary armature so

Fic. 87

MoperL 2 Form B, A. C. RELAaY

MoperL 3 Form B, A. C. RELAY

MopeL Z Form B, A. C. RELAY
Six way.

shaped that when current (either direct or alternating) is
applied to the windings, a uniform torque is produced, which
causes the rotor to operate through about ninety degrees.
This movement is transmitted by means of a suitable connec-
tion to the contacts.

Being operable on direct current, the relay is adapted for
line service only. Its exceptionally high efficiency makes it
preferable for this type of work where direct current does not
exist on the line and where single phase operation is desired.
The relay operates in two positions only.

In conclusion, attention is directed to the comparatively
few types of relays needed to cover the full range of require-
ments of A. C. signaling.
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It will be noted by reference to the description which has
preceded:

First — That but two general forms of construction are
employed, viz: the larger, more efficient form (Fig. 86),
especially adapted for track circuit work, and the small, mod-
erately efficient form (Fig. 87), especially designed for line
circuits and short track circuits.

Second — That but two principles of operation are used,
namely: the inductive as employed in the Model 2 and Model 3
reiays, and the electro-magnetic as employed in the Model Z
relays.

Third — That each form is made in two sizes to accommodate
more or less contacts as required.

With these two forms, two principles of operation and
two sizes of relays, wound and equipped with contacts as may
be necessary, all the requirements of A. C. signaling can be
met without resorting to a greater number of types. It will,
therefore, be seen that the G. R. S. relay construction has
placed A. C. relays, as regards the diversity of types required,
on practically the same basis with the relays used in connec-
tion with D. C. signaling.




SINGLE RAIL ALTERNATING CURRENT
TRACK CIRCUITS

INGLE rail A. C. track circuits are largely used at inter-
locking plants in electrified territory. With this type of
track circuit, insulated joints are placed in one rail only,

the other rail being used in common by the return propulsion
current and the signaling current (see Figs. 88 and 89). It
will be seen that single rail track circuits are used to best ad-
vantage where there are two or more parallel tracks, in
that the power or common rail of all these tracks can be bonded
together, thus preventing interruption of the propulsion current
return in the event of a break in the power bonding in any one
of the continuous rails.
ADVANTAGES

The chief advantage of single rail track circuits as compared
to the double rail type is in its lesser cost and complication,
the double rail circuits requiring the installation of impedance
bonds to provide a continuous return for the propulsion cur-
rent. As there are usually a number of comparatively short
track circuits at an interlocking plant, it is seen that the use
of double rail track circuits with impedance bonds would be
very expensive. It is furthermore true that at many plants,
the track arrangement is such that it would be extremely
difficult to secure space at the bond locations for their installa-
tion.

LIMITATIONS

Traction Return. When single rail track circuits are in-
stalled, both rails cannot be retained for traction purposes, as
noted above. If the giving up of one rail leaves insuflicient
return for the propulsion current, the use of single rail track
circuits is barred and double rail track circuits would probably
have to be employed.

Broken Rail Protection. Single rail track circuits do not
give broken rail protection due to the cross bonding required
for traction purposes, which provides a number of return
paths through the rails of other tracks for the signaling current.
On this account the use of single rail track circuits should be
restricted to slow speed tracks, such for example as in terminals,
or to siding tracks.

Length. The permissible length of single rail track circuits
is limited either by ballast conditions, by the traction drop in
the return rail between the points of connection of the trans-
former and the track relay to the common rail, or by the com-
bination of ballast and drop. The Model 2 Form A relay as
ordinarily constructed is capable of carrying 10 amperes direct
current through its track winding without overheating or
being caused to open.

The drop in the common rail has the effect of sending direct
current from the common rail through the transformer, through
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the signaling rail, the track winding of relay and back to the
common rail, this effect being maximum when a train is on
the transformer end of the track circuit, thereby cutting out
the transformer resistance and allowing the full drop to be
effective through the signaling rail and relay in series.

In view of the fact that the common return rail has a neg-
ligible resistance, there are times when it can be assumed that
all of this drop is effective across the relay, and to prevent a
prohibitive amount of direct current from flowing through
the relay, under ordinary conditions a limiting resistance is
added in series with the relay.

If however the track circuit is long or the ballast bad, the
traction drop will in all probability be excessive, thereby
requiring that the limiting resistance be high, which in turn
necessitates that a correspondingly high A. C. voltage be
impressed across the rails at the relay location in order to
secure operation; this A. C. voltage 1s limited since as the
voltage is increased the current leakage between the rails
throughout the length of the track circuit increases very
rapidly. To take care of such a condition an impedance hav-
ing low ohmic resistance to direct current, but high resistance
to alternating current, may be shunted across the relay ter-
minals, this permitting a large amount of direct current
to flow through the relay and impedance combined with-
out causing more than 10 amperes direct current to flow
through the relay; a unit of low resistance is still required,
being connected in series with the relay and impedance, this
resistance necessarily being in the nature of a grid since it
has to carry a comparatively large amount of direct current.
With this arrangement the transformer should be designed to
stand a large amount of direct current through its secondary
winding without having its A. C. voltage seriously affected.

Under the conditions ordinarily found in terminals or where it
is permissible to use single rail track circuits, it will be found that
the use of a resistance in series with the relay is adequate to se-
cure proper operation, it being necessary only in rare cases to em-
ploy the impedance shunted around the terminals of therelay as
above described.

ENERGY REQUIRED

The energy required for the operation of single rail track
circuits depends upon the amount of traction drop in the com-
mon rail and upon the ballast conditions. In an interlocking
plant where the track circuits may average 500 feet in length,
the energy per track circuit, employing the Model 2 Form A
track relay, should not exceed the figures given below:

Total Energy Required for Track
Circuit and Relay Local
25 cycle current, . . . . . . . 30 volt, amperes 25 watts
60 cycle current, . . . . . . . 40 volt amperes 30 watts

Nore.—The Model 2 Form A track relay, quick acting and designed to
stand 10 amperes direct current, has a resistance of about one-half ohm.

4
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TyYPES OF SINGLE RAIL TRACK CIRCUITS

In the past the common practice when installing single
rail A. C. track circuits has been to locate the track trans-
former at one end of the track circuit and the relay with its
housing and auxiliary apparatus at the other end; this re-
quires that the relay must be repeated into the interlocking sta-
tion to operate other relays or indicators. A simplified dia-
gram of such a circuit is illustrated by Fig. 88.

In sharp contrast with this is shown in Fig. 89, the method
which can be used when a high efficiency polyphase relay such
as the Model 2 Form A is employed. By feeding the track
circuit from a central source and extending the relay leads
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F1a. 88. SineLe Ram A. C. Track Circulr
Track relay and transformer located at track circuit.

from the track circuit into the station, the amount of apparatus
can be cut down, maintenance costs reduced to a minimum,
and certain safety features, not obtainable in the other arrange-
ment, secured.

It will be noted that in the central energy scheme, the
vital parts of the track circuit are located in the station directly
under the eye of the maintainer which permits adjustments to
be made under the most favorable conditions. Due to the
simplicity and accessibility of this type of track circuit, main-
tenance is reduced to a minimum.

A considerable amount of apparatus is saved by this kind of
an installation, since secondary relays with their track boxes,
additional wiring and fusing, are not required: furthermore,
the numerous track transformers which otherwise would have
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to be distributed from one end of the interlocking plant to
the other are eliminated due to the circuits being fed from one
central point. The resistance of the leads from the track
circuit to the relay and transformer, constitute a part of the
limiting resistance required in series with these pieces of ap-
paratus.

A safety feature obtainable in the central energy scheme
which cannot be overlooked is in the protection against crosses.
It will be noted by reference to Fig. 88 that a cross at X will
cause false operation of the repeating relay in the station,
wheteas a similar cross in Fig. 89 prevents, as it should,
operation of the relay. Every step toward simplicity is a

INTERLOCKING STATION LIMITS
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4 COMMON RETURN RAIL BONDED TO
ALL OTHER COMMON RETURN RAILS

F1c. 89. SineLe Ram A. C. Track Circulr
Central energy scheme.

step towards safety and this central energy control is the
last word in simplicity as regards track circuits.

The high efficiency of the Model 2 Form A relay especially
adapts it for this kind of work, the relay requiring but a small
amount of current from the rails, while a comparatively large
amount is supplied at the station for the local phase of the relay.
The relay may be equipped with an indicator blade and
located in plain sight of the leverman, thus dispensing with the
necessity of repeating indicators which might otherwise be
required for this purpose.

TYPICAL INSTALLATION OF THE CENTRAL ENERGY SCHEME

Fig. 90, which is typical of a large G. R. S. installation,
illustrates the extension of the principle of Fig. 89 into the
complete wiring required in connection with this type of track
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circuit work. It also indicates the control between the inter-
locking machine and the switch and signal functions in the
given section of track, and shows the method of controlling
thle switch lever locks and track indicators through the track
relay.
Tﬁe track relays and transformers are shown located in the
station, the latter being installed in duplicate to prevent any
interruption of service should anything happen to one of
the transformers. It will be noted that the transformers,
besides feeding the track circuits, are used to furnish energy
for the signal lighting and the operation of all A. C. appa-
ratus. The track winding of these transformers is brought to
a buss bar on the distributing switchboard, the individual
leads of the various track circuits being connected to this buss.
It is general practice where the track circuits vary sufficiently,
or where any of them are located far enough from the station
to require much more voltage than the others, to provide the
track winding of the transformer with a number of taps which
are carried to different buss bars, the individual leads of the
different track circuits being taken from one buss or the
other as required.



IMPEDANCE BONDS FOR DOUBLE RAIL
ALTERNATING CURRENT TRACK
CIRCUITS

HEN it is desired to install A. C. track circuits and
both rails must be retained for propulsion purposes,
double rail track circuits, such as are shown by the
typical circuit, Fig. 238, must be employed. It will be noted
that the track is divided into sections of varying length by

1 —Tk

1

7

_ﬁlnﬁlﬁ_

} N Rail Bond Terminal

Fic. 91. MerHOD OF INstanLiNnG Size 1 Form C ImpeEDANCE BoNDs

means of insulated rail joints. Impedance bonds are installed
at such locations for the purpose of providing around the joints
a low resistance path for the return D. C. propulsion current,
while not permitting the passage of the A. C. signaling current.

The bonds consist of a few turns of heavy copper wound
about, but insulated from, a laminated iron core, the con-
nections to the rails being so made that the traction current
has no magnetic effect on the bond, provided an equal amount
is flowing in each of the rails. If, however, more current is
flowing in one rail than in the other, there will be a tendency
to saturate the iron core and thereby reduce the impedance
of the bond. This effect, which is called “unbalancing,”
is limited by introducing an air gap into the magnetic circuit,

N e
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the bonds ordinarily being designed to stand 20 per cent.
unbalancing without a decrease of more than 10 per cent. in
impedance.

The size of the bond to be installed is dependent upon the
amount of current the bond will have to carry, the impedance
to which it must be wound (this being more or less dependent
upon the length of the track circuit), and upon the amount of
unbalancing to be taken care of. Where good traction bond-
ing can be maintained a less amount of unbalancing can be
figured upon, and hence a smaller size of bond employed.
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F16. 92. MgerHOD OF INstaLLing Size 2 Form B Anp Size 3
Form A ImpEDANCE BonDS
Dimension Size 2 Form B Bond Size 3 Form A Bond
A 2014 inches 1814 inches
B 2414 inches 1714 inches
C 133% inches 115% inches

The Size 1 Form C bond, which is the largest, is installed
only where the heaviest traffic requirements are to be met, the
size of the bond requiring that it be located outside of the rails.
The Size 2 Form B and Size 3 Form A bonds are of such dimen-
sions as to permit their being installed between the rails.
These smaller bonds are furnished with sloping covers to pre-
vent their being caught by dragging train parts, and are
especially designed to have their leads brought out of the case
in a manner to facilitate connection to the rails.

y



TRANSFORMERS

HicH TENSION LINE TRANSFORMERS

HE Type L transformer is a single phase, oil immersed,

self cooled, pole type transformer, designed to step down

the transmission line voltage (6,600 volts maximum) at
signal and track feed locations, to the voltage required for the
operation of the signal system.

Fic. 93. View or Type L TRANSFORMER SHOWING
TeRMINAL BOARDS

Fig. 94. Type L Hica TensioN Line TRANSFORMER

The combinations in which these transformers are made up
are as follows:

1. High tension primary winding and low tension secondary
winding for feeding relay locals, signal mechanisms, and lights.

2. High tension primary winding and low tension secondary
winding for feeding track circuits.
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3. High tension primary winding and low tension secondary
windings, one for feeding relay locals, signal mechanisms and .
lights, and one or two for feeding track circuits.

The primary or high tension winding may be equipped
with 5 and 10 per cent. taps brought to a suitable porcelain
terminal block, which ordinarily is located below the oil
level to minimize the liability of lightning arcing from post to
post. The secondary leads and taps are brought to a sepa- -
rate porcelain terminal board located above the oil level.

The transformer windings are contained in a cast iron,
water-proof case, which is fitted with lugs to take the hanger
irons necessary for mounting.

These transformers are built with the same relative polarity
and are so constructed that reversing the polarity of the track
feed may be accomplished on the terminal block inside the
transformer without changing the permanent exterior circuit
connections.

Fi1c. 95. Type K SrcoNDpDARY TrACK TRANSFORMER

Core losses and copper losses are lower and the efficiency
higher than usually is obtainable on this special class of trans-
formers. Good regulation on low power factor, low exciting
current and high insulation (insulation tests being 50 per cent.
above A. I. E. E. standards) are features which combine
to form an exceptional transformer in point of long life and
safety. The transformer design is strictly in accordance with
R. S. A. specifications.

SECONDARY TRACK TRANSFORMERS

The Type K secondary track transformer as illustrated by
Fig. 95 is of the air cooled type and is especially designed
for feeding individual track circuits, being used, however, to
some extent, in connection with low voltage tungsten light-
ing.
The transformers are ordinarily made up with one high
tension primary winding and one low tension secondary
winding, this latter being provided with taps for the adjust-
ment of the track circuit feeds. The primaries are wound
for any voltage up to 440 as specified and as ordinarily
installed are connected to the low tension secondary of the
line transformer. These connections can be made and the
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track transformer housed in the relay box ordinarily installed
at signal locations.

The cover of the transformer is provided with binding posts
for both high and low tension windings. The case is of cast
iron, light in weight, and is provided both with lugs for hang-
ing, 'and with feet to permit of the device being mounted as
desired.

The same exceptional efficiency, regulation, and low exciting
current are obtained in this class of transformer as in the Type
L transformers, previously described.
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SIGNAL LIGHTING AT INTERLOCKING
PLANTS :

HE question as to whether oil or electricity is to be used

for lighting the signals at electric interlocking plants, de-

pends on what is most economical and satisfactory under
the particular conditions existing at each separate plant.

In many cases a decision as to the type of lighting best
adapted to a given plant can be easily reached. For example:
If commercial power of proper voltage is available at low
cost, or if alternating current is employed in connection with
the signaling, it will undoubtedly be found desirable to light
the lamps electrically; this is especially so if the plant is a
very large one, as at such a point the oil lamps would require
a special force of lampmen for their maintenance. On the
other hand, ‘if commercial power is not available or can be
secured only at a high rate, or if the plant is so small that oil
lamps could be cared for by the force regularly employed, it
will probably be found most economical to use oil lighting.

In cases where the course to be followed is not so evident, a
careful estimate of the initial expense involved and of the cost
of operation and maintenance, should be Erepared before a
decision is reached. In the case of oil lighting it is merely
necessary to consider the cost of the lamps, oil, maintenance,
ete. In the §ase of electric lighting, however, a number of
other considerations enter into the problem as outlined on
the following pages.

TYPE AND ARRANGEMENT OF BULBS IN SIGNAL LAMPS

The bulbs used in this type of work are ordinarily of low
candle power, it having been found that ample light is secured
from bulbs of two or four candle power. When the lighting is
operated at 110 volts, the carbon filament type is installed, it
being considered that metallic filament bulbs of such low
candle power are too frail to be reliable when designed for
operation on this voltage. Where it is possible, however, to
furnish current at a potential of from 6 to 12 volts, the high
efﬁciefncy of the metallic filament type can readily be made
use of.

POWER REQUIRED FOR OPERATION OF
INCANDESCENT LAMPS

CARBON FILAMENT METALLIC FILAMENT
Candle =5
Howed 110 Volts 55 Volts 10-13 Volts 4-6 Volts
Watts Watts Watts Watts
2 10 10 & 2%
4 20 20 ) 5

Nore.—Values approximate.
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In determining the arrangement of the bulbs in each signal
lamp, the first consideration is to insure the signals against
ever being without light. On this account, general practice has
been to have each signal lamp contain two bulbs, connected
in multiple, it being highly improbable that both will burn
out at the same time. The reduced brilliancy of the signal
light, resulting from the burning out of one of the bulbs,
causes the failure to be quickly detected and permits the
necessary renewal to be made at once.

Where two bulbs, burning in multiple, give more than the
amount of light required, an economy can be effected without
sacrificing reliability by employing “cut in’’ relays which
permit the burning of but one of the bulbs at a time. The
coil of this “cut in”’ relay is connected in series with the bulb
that is to burn normally, a back contact on the relay being
arranged to connect the reserve bulb across the lighting mains
in the event of failure of the one in service.

Another way to reduce the energy consumption and still
retain the necessary reserve, is to use the high efficiency
metallic filament bulbs connected in multiple. As stated
above, a low candle power bulb of this type to be reliable
must be operated on low voltage.

NORMAL SOURCE OF POWER AND THE NECESSARY RESERVE

Having touched upon 'the type and arrangement of the
bulbs to be used in signal lamps, the next consideration should
be with regard to the normal power supply and what reserve
should be provided to keep the lights burning in case of
emergency.

It is recommended as good practice that the signal lights
should be operated from a commercial source, the control
being arranged so that the lighting systems will be quickly
transferred on to the 110 volt interlocking battery in the
event of failure of the commercial power. It will be seen
that this use of the interlocking battery as a reserve restricts
the lighting to operation on 110 volts. The commercial power
may be either alternating or direct current and will in all
probability be delivered at 110 or 220 volts. If this potential
is 220 volts, it i3, of course, necessary to install a motor gen-
erator set, transformer, etc., tc reduce the voltage to that
required by the lighting system.

Where a reliable source of alternating current is available,
such, for instance, as can be obtained when the interlocking
plant is located in A. C. automatic signal territory, the reserve
battery is not considered necessary, and this permits the light-
ing system to be operated at any voltage desired. In such a
case low voltage metallic filament lamps can be operated,
transmission about the plant being made at a higher voltage,
thus avoiding the necessity of installing large lighting mains.
In this connection it is to be noted that low voltage lighting
should be restricted to points where the current supply is abso-
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lutely reliable, except in the case of a plant with compara-
tively few signals, at which plant a low voltage battery of
suitable capacity is available for use as a reserve. :

In case commercial power, of the proper voltage, or sig-
naling power cannot be secured, the lights should then be oper-
ated from the charging generator, provision being made to
transfer the lights onto the interlocking battery in case of
failure of the generating unit. Attention is called to the
undesirability of lighting from this source unless either the
charging unit or interlocking battery is installed in duplicate,
since if only one generator and one battery were employed,
the capacity of the battery would have to be excessively
large to provide sufficient reserve against the failure of the
charging generator, such a failure in all probability being of
longer duration than would be the case with commercial
power.

PRECAUTIONS

In operating the lighting system from a charging generator

eat care should be used to see that the normal voltage of the
amps is never exceeded, since the bulbs will be quickly burnt
out if subjected to an excess voltage. This increased voltage
always exists when the charging generator is supplying cur-
rent for the lighting system at the same time it is charging the
interlocking battery; therefore, a regulating device must be
provided to maintain the voltage on the lamps at the normal
point. This device ordinarily is a hand operated rheostat
which has sufficient regulation to permit the voltage to be
kept at normal. It will be seen that the device will require
the maintainer’s attention at frequent intervals; this, how-
ever, cannot be considered serious, as under such conditions
the interlocking battery would never be charged at night except
in case of emergency. Where duplicate batteries are employed,
a regulating device is not required, as the combination of
switches on the power board can be so arranged that it is
impossible to serve the lighting circuits from the battery
that is being charged.

Precaution respecting cross protection should be observed
whenever the interlocking battery may be called upon to
furnish current for the lighting system. At plants where the
operating switchboard is equipped with the cross protection
circuit breaker shown in Fig. 24 (both positive and negative
battery connections being broken through the circuit breaker
contacts), the signals can be electrically lighted from the inter-
locking battery without endangering the proper operation of
the switches, signals, or other functions of the plant. If,
however, it is proposed to electrically light the signals of an
existing G. R. S. plant at which plant the old type of circuit
breaker (Sec. 1, Elec. Int. Cat., page 280) is installed, it is
strongly recommended that the operating switchboard be
equipped with the double pole circuit breaker (Fig. 24) and
the circuits rearranged to embody the principles of the wiring
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shown on page 88. The lighting mains under no condition
should be controlled through the circuit breaker.

RECOMMENDATIONS

It is recommended that two bulbs always be installed in
each signal lamp, burning in multiple or operated in connec-
tion with a “cut in”’ relay.

Regarding the source of power, it is recommended as good
practice that commercial power be employed, providing
arrangements are made to cut the lighting system onto the
interlocking battery in case of failure of the commercial source.

Where the interlocking plant is located in A. C. automatic
signal territory the lighting may be operated on any voltage
desired. At such a point high efficiency metallic filament
lamps can readily be operated. No reserve is necessary, in
view of the fact that the signal transmission line is always
thoroughly protected against power failure.

Where neither commercial power nor A. C. signaling current
is available, the signal lighting may be electrically operated
from the charging generator, providing the interlocking bat-
tery is (or batteries are) of sufficient capacity to insure the
continuous operation of the interlocking and lighting systems
through any period of time necessary to repair a failure on the
part of the charging unit.

In all cases where storage batteries may be called upon to
furnish current for the lighting circuits, regulating apparatus
must be installed to permit the current from such battery to
be delivered to the lighting mains at normal voltage during a
charging period.

Whenever the interlocking battery serves as a reserve, the
circuits and apparatus on the operating switchboard must be
such that operation of the lighting system will in no way
endanger cross protection.

SRR AN R




SECTION V

ELECTRIC LOCKING AND CHECK LOCKING

GIVING A DESCRIPTION OF THE VARI-

OUS TYPES OF CIRCUITS AND THEIR

APPLICATION TO ELECTRIC INTER-
LOCKING WORK



ELECTRIC LOCKING

LECTRIC locking as defined by the Railway Signal Asso-
ciation consists of “the combination of one or more elec-
tric locks and controlling circuits by means of which

levers in an interlocking machine, or switches or other devices
operated in connection with signaling and interlocking, are
secured against operation under certain conditions.”

Electric locking is a development of the tendency in rail-
way signaling practice to constantly decrease the manual
control of all functions and to increase the automatic control.
The first important step along this line was the operation of
switches and signals through the medium of interlocked levers
concentrated in a central machine. The real beginning of
electric locking, however, was in the installation at mechani-
cal plants of locking circuits which were to prevent the lever-
man from changing the route in the face of an approaching
train. This was followed by a step which had its inception in
the all-electric interlocking system: namely, section or detector
locking which was designed to afford safety to a train from
the time it passed the home signal location until it cleared
the limits of the interlocking plant. As first installed in con-
nection with electric interlocking, the switches and derails in
a given track section were prevented from being thrown while
a train was on that track section, by interrupting the current
supply to those functions by means of a relay controlled by
the track relay of the section in question. At the present
time this method of control is not generally used with the
all-electric system, having given way to the practice of equip-
ping each switch and derail lever with electric locks, properly
controlled by the various track sections.

Ever since the time of those first successful installations,
the signal men of the country have become more and more
alive to the fact that safety of railway operation could be
much further assured by the development of this principle of
automatically preventing the operation of functions which
might endanger the safety of trains approaching or passing
through interlocking plants. In fact, at the present time
electric locking has come to be considered by many a necessary
adjunct to an interlocking plant.

Due to the rapidity of the development of the art, a wide
range of methods has been used to accomplish the same
result; the principles involved, nevertheless, have been so
nearly uniform that it has become possible to determine the
elements that enter into good practice. For instance, it will
be found that it should always be possible to restore the home
signal to the normal position, even though it may not be
desirable to release the route beyond. Also in case of emerg-
ency, release of the route is generallflr permitted through the
use of a time release or hand switch; the circuits are such
that when the device has been operated to secure the desired
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release, some circuit essential to the operation of either switch
or signal functions will be broken, thus necessitating that the
time release or hand switch be returned to its normal position
before operation of the switches or signals affected can be
resumed.

Based on the above, the Railway Signal Association has
classified Electric Locking in the following manner:

“SECTION LOCKING. Electric locking effective while a train
occupies a given section of a route and adapted to prevent
manipulation of levers that would endanger the train while
it is within that section.”

An illustration of section locking is given in Fig. 97, showin,
the manner of controlling the locks with which the swite
levers are equipped. As the levers are locked in either the
full normal or full reverse position, it will be seen that the
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0 reverse locks

'6 Q' 25 on switch levers

Fic. 97. Secrion Locking Circuir
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operator is prevented from changing the position of the switches
or derails in a given section during such time as that section
is occupied or fouled by a train.

“RoOUTE LockiNG. Electric locking taking effect when a train
passes a signal and adapted to prevent manipulation of levers
that would endanger the train while it is within the limits
of the route entered.”

Route locking is a development of section locking in which
the switches and derails in all sections of any route are locked

Repeating
relay for
Section 14T +

y
€
Full normal and
reverse lock on
( See nate) " switch lever 12

Full riormal and Irl lf
reverse lock on ==
swifch lever {4 ',\-:-7- 14 | 12

F1a. 98. Route LockiNg CIrculT

Nore.— To_positive battery through lever contacts and relays as de-
termined by the layout of track indicated by dotted lines.

from the time a train enters that route until such time as the
route is cleared. An illustration of route locking applied to
a simple layout is shown in Fig. 98. It is evident that the
circuits become somewhat complicated when used in connec-
tion with an interlocking where the routing of each signal
may extend over a number of combinations of track sections.
“SECTIONAL ROUTE LOCKING. Routelocking so arranged that
a train, in clearing each section of the route, releases the locking
affecting that section.”

This is a further development of section locking in which
the functions in all sections in a given route are locked as
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soon as the train has passed the home signal, the functions in
each section, however, being released behind the train as soon
as the train has passed out of the section.

The installation of sectional route locking has been largely
restricted to points such as congested terminals where the
maximum number of traffic movements is demanded with a
maximum of protection. Due to its being little used, and on
account of the rather complicated circuits involved, no at-
tempt has been made to show any typical illustration of the
circuits required in such work.

45° Control Relay,

for signal 6 Annunciator
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Fig. 99. ArproacH Locking CirculT

Screw Rele;}e

“ APPROACH LoOCKING. Electric locking effective while a train
is approaching a signal that has been set for it to proceed and
adapted to prevent manipulation of levers or devices that
would endanger that train.”

Fig. 99 shows an approach locking circuit in which a half
reverse lock on the home signal lever, through the medium of
the locking between the signal and switch levers, prevents the
release of the route during such time as the lock is de-energized.
The locking becomes effective after the signal for the route has
been cleared and the train has passed a predetermined point,
which in Fig. 99 is the annunciator section; the locking is
released as soon as the train passes the home signal.

It will be noted that in Fig. 99 no protection is given after
the train has passed the home signal, i. e.— no route locking
protection is afforded. Protection can be given through the
plant by releasing the signal lever in the first section beyond
the limits of the plant instead of on the forty-five degree
control relay. :
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“8tiIcKk LOCKING. Electric locking taking effect upon the
setting of a signal for a train to proceed, released by a passing
train, and adapted to prevent manipulation of levers that
would endanger an approaching train.”

Stick locking in reality is only another form of approach
locking, being different in that it becomes effectve on the
reversal of the home signal lever and does not further depend
on the approach of a train.

Fig. 100 shows a stick locking circuit in which the half reverse
lock, with which the signal lever is equipped, prevents its
return to the full normal position, and, therefore, the release
of the route governed, until such time as a train has passed on
to the release section; this section is shown located beyond the
interlocking limits as mentioned under “Approach Locking.”

L
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Screw Releasey, ¥

Half reverse lock

Control Sig 6 —osi aon Signal lever 6

o

Fig, 100. Stick Locking CIirculr

It will be seen that it is necessary to restore the signal lever to
the normal ﬁ)osition while the train is on the releasing section,
otherwise the signal lever can only be returned to the full
normal position through the operation of the time release.
If desired, the releasing section may be extended to include
the several track sections in the route so that the lever may
be restored to the normal position any time the train is within
the limits of the route.

“INDICATION LOCKING. Electric locking adapted to prevent
any manipulation of levers that would bring about an unsafe
condition in case a signal, switch, or other operated device fails
to make a movement corresponding with that of the operating
lever; or adapted directly to prevent the operation of one de-
vice in case another device, to be operated first, fails to make
the required movement.”

As an illustration of this type of locking may be taken
any electrical device, which is designed to indicate the cor-
respondence of position between a unit and its controlling
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lever. The simplest example is the indication of the position
of a semaphore blade by means of a lock or other device on
the governing lever, the control of this lock being carried
through the circuit 'breaker on the signal. The well-known
dynamic indication of the all-electric system is a striking
example of indication locking.

It will be found that with the exception of certain forms of
indication locking, such as the dynamic indication, the differ-
ent basic forms of electric locking as outlined above are seldom
used alone, but in combinations.
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F1g. 101. Circurrs FOR COMBINATION OF APPROACH, INDICATION
AND SEcTION LOCKING

Fig. 101 illustrates the use of an approach locking circuit in
conjunction with section locking, and with indication locking
for distant signal No. 1. In this circuit the control is secured
by equipping the switch levers with electric locks governed by
a_stick relay. The locking becomes effective when signal
No. 6 is cleared but is capable of being released by the return
of lever No. 6 to the normal position, providing a train has
passed into the releasing section, or providing no train is on
any of the track sections repeated by the annunciator and
the forty-five degree control relay for signal No. 6. This
circuit does not require that the lever be returned to the
normal position while the train is on the releasing section.
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If this feature is desired the control may be broken through
the contacts on lever No. 6 instead of through the circuit
breaker of the signal.

The indication locking feature consists of carrying the
control of the stick relay through the circuit breaker of dis-
tant signal No. 1 to prevent release of the route under any
condition if signal No. 1 is not in the caution or stop position.

Fig. 102 illustrates a similar arrangement of tracks and sig-

nals, with circuits providing stick locking, section locking, and
indication locking. It is to be noted that in every particular
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Fic. 102. Circuir FOorR COMBINATION OF STICK, INDICATION AND
Secrion LockING

this circuit is the same as that in Fig. 101, except that the stick
relay does not have a pick up through the forty-five
degree control relay and the annunciator in series; the
omission of this wire classes the circuit under “Stick Locking.”
The locking becomes effective upon the clearing of signal
No. 6 and is released by a train on the clearing section or by
operation of the time release.



CHECK LOCKING

HEN interlocking plants are located a comparatively
short distance apart, it is advisable and frequently
necessary to install what is known as ‘“Check Lock-

ing,” which enforces codperation between the levermen at the
two plants in such a manner as to prevent opposing signals,
governing over the same track, from being at proceed at the
same time. Furthermore, after a signal has been cleared and
accepted by a train, check locking prevents an opposing signal
at the adjacent interlocking plant from being cleared until the
train has passed through to that plant.

Fig. 103 shows a check locking circuit which involves the
use of check lock levers at each plant, the arrangement and
method of operation of these levers making the circuit especially
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Fi1c. 103. Cueck Locking CIrcuIlT
For use where there is no preference as to direction cf traffic.

adaptable where there is no preference as to the direction of
traffic. The signal levers at each station, governing move-
ments over the intervening track, are so interlocked with the
check lock levers in their respective machines, that they may
not be moved from their full normal position until their re-
spective check lock levers have been moved to the full reverse
position. By reference to Fig. 103 it will be seen that the
check lock levers are so controlled that but one of them can
be in the full reverse position at the same time. Therefore,
it is impossible for signals No. 1 and No. 20 at stations A and
Z, respectively, to be displayed at proceed at the same time.
The control circuit for the check lock levers is shown broken
through relay X, which represents the track relays for the
sections between signals No. 1 and No. 20. This prevents a
check lock lever being thrown to the full reverse position
and, consequently, any traffic movement from being made
during such time as these sections are occupied. The release

L
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of either lever in moving to the reverse position is effected
by current taken from the battery at the far end of the circuit.

The check locking circuit shown in Fig. 104 is designed for
operation when there is a preference in the direction of traffic,
since traffic movements can normally be made from A to Z
without any interference from the check locking, it being
necessary, however, when making a movement from Z to A
(against traffic) to operate both check lock levers.

Each station is equipped with a check lock lever so interlocked
with signal levers No. 1 and No. 20, that lever No. 1 is
free to be moved only when the check lock lever at A is full
normal, and lever No. 20 only when the check lock lever
at Z is full reverse. The control, however, of the check
lock levers is such that the lever at Z can be reversed only
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Fic. 104. CrEck Lockinag Circulr
For use where there is preference as to direction of traffic.

after the check lock lever at A has been thrown to the full
reverse position, and, after having been moved from its normal
position, the lever at A can be returned to the full normal
position only after the return of the check lock lever at Z to
full normal. Thus it will be seen that it is impossible to have
a condition existing which would permit signal levers No. 1
and No. 20 to be reversed at the same time.

The final movement of the check lock lever at Z in being
moved to the full reverse position, and of the check lock lever
at A in being placed normal, is permitted by energy secured
from the battery located at the far end of the circuit.
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SECTION VI

INSTALLATION AND OPERATING DATA FOR
POWER PLANTS AND SWITCHBOARDS

COVERING LEAD TYPE STORAGE BAT-

TERIES, GENERATORS AND MOTOR

GENERATORS, GASOLINE ENGINES AND

SWITCHBOARDS, WITH DATA AND

TABLES FOR THE DETERMINATION OF

THE PROPER TYPE AND CAPACITIES
OF APPARATUS



LEAD TYPE STORAGE BATTERIES

TORAGE or secondary batteries consist of cells, the plates
and electrolyte of which can be restored to their original
condition after discharge, by forcing an electric current

through the cell in the direction opposite to that taken by
the current produced by the cell. When a primary battery
is exhausted the electrolyte and elements are renewed before
further use. It is in this reversability or regeneration that
liels1 the fundamental difference between storage and primary
cells.

The lead type storage cell consists essentially of two
plates or sets of plates suspended in a dilute solution of sul-
phuric acid. There are many forms of plate construction, but
the chemical composition is generally the same, the positive
and negative plates being made of peroxide of lead and pure

[ 0]

Fi1Gg. 105 Leap Type STORAGE BATTERY AND BATTERY RACK

or “sponge”’ lead, respectively. When the elements are com-
posed of more than two plates the negative plates in each
cell are one more in number than the positives. Wooden
or hard rubber separators are introduced between the plates
to prevent any of the positives from coming into contact with
the negative plates, thus causing short circuit.

When the circuit is closed and the battery discharging, the
sulphuric acid combines with the lead in the elements forming
a deposit of sulphate of lead on the surface of both positive
and negative plates, the density (specific gravity) of the
electrolyte diminishing as the sulphuric acid leaves it to com-
bine with the materials of the plates. By forcing current
through the cell in the direction opposite to that of the dis-
charged current, the sulphate of lead on the negative plates
will be converted into sponge lead and sulphuric acid, and the
sulphate of lead in the positive plates into peroxide of lead
and sulphuric acid; the sponge lead and the percxide of lead
remain in the plates and the sulphuric acid diffuses in the
electrolyte, the specific gravity of which rises in consequence.

4
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Fiac. 106. BaTTeErY JAR, SAND TraY AND CernL Cover
DIMENSIONS AND WEIGHTS OF LEAD TYPE STORAGE BATTERY CELLS

ANVAIWOD TVNDIS AVMIIVHE TVIENHED

Normal BATTERY JAR SAND TRAY CeLL COVER i
Approx. | Approx. | ApDrox.
Oepacity [ CRACENS | umber 2 = % Installa- | Weight | Weight
Battery |at 8-Hour Pl‘;i BTG I e SN GUAl H‘e‘;"}“ °C‘ Cell e t‘" o
Rate | o con Min. | Max. | Min. | Max. | Min. | Max. & omp s oo |
Amp. Hr.| Amps. Inch | Inch | Inch | Inch | Inch | Inch | Inch | Inch | Inch | Inch | Inch Inch ‘ Lbs. ! Lbs.
40 5 5 T% | 4% | 11 9 9% | 6 61 | 115 | 2 37 6 17 37.56 10.75
80 10 5 915 | 5lp | 1214 | 10%4 | 1084 | 634 | 7% | 1% | 2 6l4¢ | 634 1915 63 .65 18.75
120 | 15 7 Olg | 6%4 | 1214 | 10%4 [ 1034 | 8 8p | 115 | 2 6146 | 8 1915 80.25 22.00
200 * 25 11 915 | 915 | 1214 | 10%4 | 1034 | 11 12 115 | 2 6146 | 1014 1915 112.16 27.25
320 40 9 1255 | 9 17 4 15 11 12 2 215 | 8146 | 1034 241 189 .86 55.00
400 50 11 1253 | 10%s | 17 14 15 1135 | 1215 | 2 215 | 8146 | 1184 I 241, |217.61 59.75

Nore.—Dimensions of battery jar, sand tray, and cell cover are in accordance with R. S. A Plan No. 1224, dated October, 1912,
A variation of one-eighth inch each way from standard will be permitted in dimension *
A variation of one-fourth inch each way from standard will be permitted in dimensions * B’ and ““C.”

Weights in above table furnished by Electric Storage Battery Company.
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EXTRACT FROM R. S. A. SPECIFICATIONS FOR
LEAD TYPE STATIONARY STORAGE BAT-
TERY FOR INTERLOCKINGS (1913)

INTENT

The intent of these specifications is to provide for the
furnishing of complete storage battery cells and parts,
designed to be located in interlocking stations or battery
houses and used for operating interlocking and signal
apparatus. ’

DESIGNATIONS

(@) In ordering cells or parts the nominal capacity re-
quired will be designated as “40 A. H., “80 A. H.,” “120
A. H.,” “200 A. H.,” “320 A. H.,” or “400 A. H.,” and
these terms shall be understood to signify, on an eight (8)
hour basis, the capacities and dimensions thus designated
in these specifications and Railway Signal Association
drawing 1224. (See page 146.)

(b) Each complete cell, unless otherwise specified, is
understood to include the following parts:

1. One (1) positive group, consistin% of the neces-
sary number of positive plates assembled with con-
necting strap and one (1) connecting bolt.

2. One (1) negative group, consisting of the neces-
sary number of negative plates assembled with con-
necting strap and one (1) connecting bolt.

3. One (1) set of separators, with dowels and hold

owns.

4. One (1) glass jar.

5. One (1) glass sand tray, with moulded feet.

6. One (1) glass cell cover.

7. Required electrolyte.

(¢) Positive or negative groups, if ordered separately,

will be ready for service after an initial charge continued
for fifty (50) to sixty (60) hours at the eight (8) hour rate.

CAPACITY OF BATTERY
In conformity with service requirements. &

NUMBER OF CELLS PER BATTERY
In conformity with voltage requirements.

DIMENSIONS

Jars, sand trays and covers must conform to Railway
Signal Association drawing 1224, which is an essential
part of these specifications. (See page 146.)

ELEMENTS
(a) Positive plates shall be of the Plante type.
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(b) Negative plates shall be either of the Plante type or
of the type having mechanically applied active material.

(c) Positive and negative plates shall be respectively
connected into positive and negative groups by burning to
lead straps.

SEPARATORS
Separators shall be of specially treated wood.

ELECTROLYTE

(a) Electrolyte shall have a specific gravity of between
1.205 and 1.215 at the end of the initial charge in service.

(b) Electrolyte shall be in accordance with Railway
Signal Association specifications.

ACCEPTANCE

No unit or part will be accepted which does not, in the
judgment of the Purchaser, conform to the best practice
with respect to material and workmanship.

SERVICE REQUIREMENTS

(a) It is essential that all parts shall be rugged in the
highest degree both mechanically and electrically.- The
apparatus furnished must give satisfactory and economical
service.

(b) Should any injurious buckling of plates occur in
normal service within one (1) year after delivery, or
should the capacity of any cell or element fall to less than
eighty-five (85) per cent. of the specified capacity at the
eight (8) A. H. rate, in normal service, within one (1)
year after delivery, the Contractor must replace the
defective parts and restore the affected cells to their full
specified capacity and to a condition satisfactory to the
Purchaser, without additional cost to him.

(¢) As far as practicable, it is understood that the cells
are to be operated in the manner recommended by the
Contractor, but the necessities of operation must be the
first consideration.

R. S. A. DIRECTIONS FOR INSTALLATION OF
LEAD TYPE STATIONARY STORAGE

BATTERIES (1909)

GENERAL

(a) The battery should be housed in a space by itself as
the acid fumes given off during the charge are of a cor-
rosive nature. This space should be well ventilated,
well lighted, and as dry as possible. If the space is speci-
ally constructed it should contain no metal work other
than lead. If this is not possible, then such metal parts
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should be protected by at least two (2) coats of acid-proof
paint. The floors of a large battery room should be
preferably of vitrified brick, jointed with pitch.

(b) Batteries should be Elaced in a room having a uni-
form temperature, preferably seventy (70) degrees Fahr.
Low temperature does not injure a battery, but lowers its
capacity approximately one-half (12) of one per cent. per
degree. Excessively high temperatures shorten the life of
the plates.

(¢) If glass jars are used and cell is not of the two-plate
type, the following should be observed :

Batteries up to four hundred (400) ampere hour
capacity shall be placed in glass jars.

2. The capacity of batteries shall 'be for an eight
(8) hour rate of discharge at seventy (70) degrees Fahr.

3. Batteries having a large number of cells, such as
at interlocking plants, shall be provided with sub-
stantial wood racks to support them. These racks shall
preferably be made of long-leaf yellow pine with non-
corrosive fastenings, and thoroughly protected by at
least two (2) coats of acid-proof paint. Cells shall be
arranged transverselly, and the layouts be such that
each cell is accessible for inspection and provide suf-
ficient head room over each cell to remove the element
without moving the jar.

4. Each jar shall be set in a tray which has been
evenly filled with fine dry bar sand, the trays resting on
suitable insulators.

5. When placing the positive and negative groups
into the jars see that the direction of the lug is rela-
tively the same in each case, so that a positive lug of
one (1) cell adjoins and is connected to a negative lug of
the next cell throughout the battery, thereby giving
proper polarity, providing a positive lug at one free end
and a negative at the other.

6. Before bolting the battery lugs together, they
should be well scraped at the point of contact, to insure
good conductivity and low resistance in the circuit. The
connector studs should be covered with vaseline before
screwing up, and all connections covered with vaseline
or suitable paint.

7. Before putting electrolyte in the battery the cir-
cuits connecting same with the charging source must be
completed, care being taken to have the positive pole of
the charging source connected with the positive end of
the battery and the negative poles. The -electrolyte
should cover the top of plates by one-half (32) inch.

2. ELECTROLYTE

(a) The electrolyte must be free from impurities and
meet the tests prescribed by the Railway Signal Association.

4
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INITIAL CHARGE

(a) The initial charge must follow the Manufacturer’s
instructions. The charge should be started promptly as
soon as all the cells are filled with electrolyte, and all con-
nections made, usually at the normal rate, and continued
at the same rate until both the specific gravity and voltage
show no rise over a period of ten (10) hours, and gas is
being freely given off from all the plates. The positive
plates will sometimes gas before the negatives. Gen-
erally, to meet these conditions, from forty-five (45) to
fifty-five (55) hours continuous charging at the normal
rate will be required; and if the rate is less, the time
required will be proportionately increased. In case the
charge is interrupted, particularly during its earlier stages,
or if it is not started as soon as the electrolyte is in the
cells, the total charge required (in ampere hours) will be
greater than if the charge is continued and is started at once.

(b) As a guide in following the progress of the charge,
readings should be regularly taken and recorded. The
gassing should also be watched, and if any cells are not
gassing as much as the adjoining cells, they should be
carefully examined and the cause of the trouble removed.
The temperature of the electrolyte should be closely
watched, and if it approaches one hundred (100) degrees
Fahr. the charging rate must be reduced or the charge
temporarily stopped until the temperature lowers.

(¢) The specific gravity will fall after the electrolyte is
added to the cells, and will then gradually rise as the
charge progresses, until it is up to 1.210 or thereabout.

(d) The voltage of each cell at the end of the charge
will have risen to its maximum and usually will be be-
tween two and five-tenths (2.5) and two and seven-tenths
(2.7) volts.

(e) If the specific gravity of any of the cells at the com-
pletion of the charge is below 1.205, or above 1.215, allow-
ance being made for the temperature correction, it should
be adjusted to within these limits, by removing and adding
electrolyte if the specific gravity is low, and adding chemi-
cally pure water if the specific gravity is high, to again
bring the surface at the proper height above the top of
the plates. It is of the utmost importance that the
initial charge be complete in every respect.

(f) In case of batteries charging from primary cells, if
possible, the initial charge should be given at a place
where direct current is available of sufficient voltage to
complete the charge at the normal rate, the cells being
then transferred to their permanent position.

Two-PLATE CELLS

The general method of installation is the same as the
above with the following exceptions: Each cell contains
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one positive and one negative plate, the positive of one
cell being solidly connected by a lead strap to the nega-
tive plate of the adjoining cell, and consequently no con-
nectors are required. At the ends of each row there is
one (1) free positive plate and one (1) free negative plate
respectively, which constitute the positive and negative
terminals of that row. Connections to these terminals are
made with bolt connectors.

LARGE CAprAcITY CELLS

(a) Batteries of a greater capacity than four hundred
(400) ampere hours shall be placed in wood tanks and shall
be covered by special specifications.

(b) Where tanks are used, it is customary to support
them on a double tier of glass insulators.

(¢) Plates are shipped separately and assembled one at
a time in the tank and burned solidly to a heavy lead bus
bar by means of a hydrogen flame. It is recommended
that when installations of this kind are required that
battery Manufacturers install the battery in accordance
with their standard practice.

S. A. INSTRUCTIONS FOR OPERATION OF LEAD
TYPE STORAGE BATTERIES AT INTER-
LOCKING PLANTS (1909)

BATTERY
..... batteries;. . . . .cells each; type......; number of
plates per cell.... .. normal charging rate...... amperes.
..... batteries;. . . . .cells each; type......; number of
plates per cell...... normal charging rate...... amperes.
PiLot CELL

In each battery, select a readily accessible cell, to be
used in following the daily operation of the battery, by
taking specific gravity readings of the electrolyte, as
given below. Keep the level of the electrolyte of this cell
at a fixed height, one-half (¥2) inch above the top of the
plates, by adding a small quantity of chemically pure
water each day; THIS IS EXTREMELY IMPORTANT.

CHARGING

(a) When to charge.
. Asa general rule, do not charge until the specific
vity of the pilot cell has fallen at least ten (10) points
elow the preceding overcharge maximum, the battery
being then about one-third (¥s) discharged.
2. Inany case, charge as soon as possible after reach-
ing either of the limits given below under ‘“ Discharging,”
or if for any reason a heavy discharge is expected.

4
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(b) Regular charge.

1. Charge at normal rateof ........ amperes, or as
near as possible, and continue until the specific gravity of
the pilot cell has risen to three (3) points below the maxi-
mum reached on the preceding overcharge, WHEN THE
CHARGE SHOULD BE STOPPED: for example, if the maxi-
mum specific gravity on the overcharge is 1.207, the spe-
cific gravity reached on regular charge should be 1.204.

2. The cells should all be gassing moderately.

(¢) Overcharge.

Once every two (2) weeks,on..................
prolong the regular charge until fifteen (15) minute read-
ings of the specific gravity of the pilot cell and of the
battery voltage, taken from the time the cells commence
to gas show no rise on five (5) successive readings, thus
having been at a maximum for one hour.

2. When the above method of overcharge is not prac-
ticable, the overcharge may be given every sixth charge,
provided the battery receives an overcharge at least once
every month. If in following this method, i. e., where
the overcharge is given at intervals longer than two (2)
weeks and not less frequently than once a month, the
regular charge should be prolonged until one-half (V%)
hour readings of the specific gravity of the pilot cell and
of the battery voltage, taken from the time the cells begin
to gas, show no rise on seven (7) successive readings, thus
having been at the maximum for three (3) hours.

3. The cells should all be gassing freely.

4. The overcharge should be given whether the bat-
tery has been in regular use or not.

(d) Charging in series.

If two (2) or more batteries are charged together, in
series, care should be taken that each battery is cut out
when fully charged; in other words, if one of the batteries
discharges less than the other it should not receive the
same charge.

DISCHARGING

(a) Never allow the specific gravity of the pilot cell to
fall more than about thirty (30) points below the preceding
overcharge maximum. As a rule, do not allow specific
gravity to fall more than twenty (20) points.

(b) Never allow the voltage to go below ONE AND
EIGHTY-FIVE ONE-HUNDREDTHS (1.85) VOLTS PER CELL
when discharging at the normalrate (.......... amperes).
If the rate of discharge is less than the normal rate, the
voltage should not be allowed to go so low.

Limiting voltage.......... eellescisns volts.
Limiting voltage. ......... eellssi o a volts.

(¢) Never allow the battery to stand in a completely

discharged condition.
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READINGS

(a) Read and record the specific gravity of the pilot cell
and battery voltage just before starting and ending every
charge, together with the temperature of the electrolyte.

(b) To properly compare the specific gravity readings,
they should be corrected to standard temperature (seventy
(70) degrees Fahr.) by adding one (1) point for every
three (3) degrees above, and subtracting one (1) point for
every three (3) degrees below standard temperature.

(¢) Once every two (2) weeks, after the end of the
charge preceding the overcharge, read and record the
gravity of each cell in the battery.

INSPECTION

(a) Carefully inspect each cell on the day before the
overcharge, using a lamp on an extension cord for the
purpose. Examine between the plates and hanging lugs
to make sure that they are not touching, and also make a
careful note of any peculiarity in color, etc., of the plates.

(b) Use a strip of wood or hard rubber in removing
short circuits. NEVER USE METAL.

(¢) Toward end of the charge preceding the overcharge,
note any irregularity of gassing; cells gassing slowly
should be investigated.

INDICATIONS OF TROUBLE

(a) FALLING OFF IN SPECIFIC GRAVITY OR VOLTAGE
relative to the rest of the cells.

(b) LACK OF OR SLOWER GASSING on overcharge, as
compared with adjoining cells.

(¢) COLOR OF PLATES markedly lighter or darker than
in adjoining cells, except that sides of plates facing glass
may vary considerably.

(d) In case of any of the above symptoms being found,
examine carefully for cause, and REMOVE AT ONCE.

(e) Report trouble of any description at once to.......

BROKEN JARS :

If a jar should break, and there is no other to take its
place, so that the plates will have to remain out of serv-
ice for some time, keep the negatives covered with water
and allow the positives to dry. Connect into circuit again
just before a charge, so that the plates will receive the

enefit of the charge.

OTHER IMPORTANT POINTS

(a) Plates must always be kept COVERED WITH ELECTRO-
LYTE.

(b) Use only CHEMICALLY PURE WATER, preferably dis-
tilled, to replace evaporation.
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(¢) NEVER ADD ELECTROLYTE EXCEPT under the condi-
tions explained above.

(d) Never allow the SEDIMENT to get to the bottom of
the plates; remove sediment when the clearance has
1eached one-half (12) inch.

(e) VENTILATE the room freely, especially when charging.

(f) Never bring an EXPOSED FLAME near the battery
when charging.

(9) NEVER ALLOW METALS OR IMPURITIES of any kind to
get into the cells; if this happens, remove and wash the
plates and renew the electrolyte.

(k) Fill out the report sheets regularly.

(?) READ THE GENERAL INSTRUCTIONS CAREFULLY.

REQUIRED CAPACITY OF STORAGE BATTERIES
USED WITH G. R. S. ELECTRIC
INTERLOCKING

A storage battery of fifty-five to fifty-seven cells, having
an approximate potential of 110 volts, is used in connection
with G. R. S. electric interlocking installations. The required
ampere hour capacity is dependent on a number of variables,
viz: the number of days between charges, frequency of lever
movements, amount of current required for lighting, for cut-
outs, indicators, annunciators, ete., and the number of days
of reserve power desired.

A separate low voltage battery is generally installed when
there are a number of locks, indicators, relays, ete., required
at the plant, as this type of device is more efficient and can
have a more rugged magnet winding when designed for opera-
tion on a potential of 10 or 20 volts; furthermore, there are
certain safety features which can be secured in connection
with this low voltage control. The capacity of such a low
voltage battery is determined in the same manner as the high
voltage battery, as given hereafter.

The following instructions will enable the determination,
with reasonable accuracy, of the ampere hour capacity of the
bia,ttery required for use with a G. R. S. electric interlocking
plant.

AMPERE HOUR CAPACITY REQUIRED FOR OPERATION OF
FUNCTIONS (See also table on page 158.)

The ampere hour capacity required for the operation of
functions is obtained by multiplying the number of lever
movements per day by the number of days between charges
and by a “Function Constant.” This constant, to be obtained
by reference to table on page 155, is influenced mainly by two
things: the average length of time that signals are held in

k.
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the proceed position and the ratio of the number of signal
movements to switch movements. In the absence of definite
information on these points it is suggested that the constant
.006 be used as representing a fair average condition. This
constant is shown underlined in the table.

By reference to the table of Function Constants it can be
easily seen that it is advisable to keep down the length of
time signals are held in the proceed position, a glance indicat-
ing that the battery capacity will run up very rapidly as the
time of holding signals at proceed increases. In this connec-
tion it may be stated that there have been cases where a much
smaller size battery has been permitted due to the saving in

TABLE OF FUNCTION CONSTANTS

Average Length of Time Signals are Ratio of Signal to Switch Movements
Held in Proceed Position

Minutes 1-2 1-3 1-4 =5

2 .006 .005 .005 .005

3 .007 006 .006 .006

5 .010 .008 .007 .007

10 .016 .013 .011 .010

15 .022 .017 .015 .013

30 .041 .032 .026 .023

hold clear current, this being effected by the installation of
annunciators, which by suitably indicating the approach of
a train reduces the length of time of holding the signals at
proceed. Furthermore, it is interesting to note that the saving
effected by the installation of this smaller battery may more
than balance the cost of such annunciator installation.

AMPERE HOURS REQUIRED FOR OPERATING
SWITCHBOARD CuUT-OUTS

In every G. R. S. electric interlocking plant one or more
circuit breaker cut-outs are required for cross protection pur-
poses. The “capacity required for cut-outs is obtained by
multiplying the number of cut-outs by nine-tenths and by
the number of days between charges. A discussion as to the
number of cut-outs to be employed to suitably sectionalize a
plant is given on page 93.

AMPERE HOURS REQUIRED FOR ELECTRIC LIGHTING
(See page 127.)

When the signals at an interlocking plant are to be lighted
by electricity, the interlocking battery is generally held as a
reserve against the failure of the normal source of power.
The number of days which the battery may be called upon to
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furnish current in such an event depends upon the probable
length of time required to repair any derangement of the
apparatus normally furnishing power to the lighting system.
The ampere hour capacity which must be provided for the
lighting is, therefore, determined by multiplying the ampere
hours per signal per day by the number of signals to be lighted
and the number of days’ operation which may be required
between charging periods.

TABLE OF AMPERE HOURS PER DAY PER SIGNAL. 110 VOLT
CARBON FILAMENT BULBS — TWO BULBS PER SIGNAL,
CONNECTED IN MULTIPLE

AVERAGE NUMBER OF HOURS LIGHTS ARE BURNED
PER DAY
Candle Power
per Bulb 12 13 14
Ampere Hours Ampere Hours Ampere Hours
2 2.18 2.36 2.55
4 4.36 4.72 5.09

Note.—Values approximate.

AMPERE HOURS REQUIRED FOR MISCELLANEOUS
PURPOSES

When auxiliary devices, such as indicators, locks, etc., are
operated from the interlocking battery, the current taken for
this purpose must be included in figuring the capacity of the
battery. The current required by these devices can be secured
by reference to tables on pages 265 to 269. The capacity of
battery required for this purpose is obtained by multiplying the
current taken by said auxiliary devices by the average number
of hours such apparatus is energized per day, and by the num-
ber of days between charges.

RESERVE AMPERE HOURS

Under normal operating conditions the battery should not
be fully discharged on account of the fact that charging cur-
rent may not be always instantly available when wanted, in
which case the time would surely come when the plant would
be without means of operation. It is, therefore, necessary to
have the battery of such size that at the usual time of charging
there will be a certain number of ampere hours capacity left
in the battery as a reserve.

The R. S. A. recommends that under normal conditions the
battery never be discharged beyond two-thirds of its total
capacity; stated in other words, this means that 50 per
cent. must be added to the capacity computed when installing
the battery in accordance with R. S. A. specifications. If the
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battery is to be charged at intervals of a week this will give
a reserve of three and one-half days, and if at intervals of
two weeks the reserve will be for seven days. When a com-
mercial source of power is available, this in all probability
will give more reserve than would be necessary. On the
other hand, if the charging source is not so reliable, the capacity
of the battery may have to be increased. For instance, the
charging of the batteries at an isolated plant may be dependent
upon a gasoline engine, the failure of which might take several
days for repairs due to time spent in securing repair parts, ete.
In such a case when the charging is done at intervals of a
week, it would, perhaps, be necessary to have a reserve suf-
ficient for a full week’s operation, this requiring that the
con;puted capacity of the battery be increased by 100 per
cent.

Based on the above, it is recommended as good practice that
the battery provide for a minimum reserve of 50 per cent.
and that, if local conditions require it, an additional amount
of reserve be added as outlined above.

MgeTHOD OF TABULATION

When determining the capacity of a battery the different
items may be tabulated as shown below; in which—

L stands for “lever movements per day.”

C stands for “function constant.”

D stands for “days operated between charges.”
stands for ‘“number of units operated.”

AH stands for “ampere hours per day per signal.”

A stands for “amperes.”

H stands for “hours energized per day.”

Bunetions . w0 L Cx D = ampere hours
Cut-Outs e b il s Yoxdx D = & ampere hours
Lighting Signals........ AHXNxD ‘=0 o ampere hours
Auxiliary Apparatus... AxHxNxD=...... ampere hours
Eomlof ahove g e ol e ampere hours
Reservetobeadded ................ =......ampere hours
Total capacity of Battery ............ = ampere hours

WHEN THE NUMBER OF LEVER MOVEMENTS
1s Not KNOWN

When it is not possible to ascertain the number of lever
movements to be made in a given plant, the ampere hour
capacity of battery required for the operation of functions
and for cut-outs can be secured from the following table;
these figures include sufficient reserve to care for ordinary
conditions.
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TABLE GIVING BATTERY CAPACITY FOR OPERATION OF
FUNCTIONS AND CUT-OUTS

Size of Machine Size of Battery
8 to 16 levers 40 ampere hour battery
16 to 32 levers 60 ampere hour battery
32 to 48 levers 80 ampere hour battery
48 to 88 levers 120 ampere hour battery
88 to 128 levers 160 ampere hour battery
128 to 168 levers 200 ampere hour battery

The table is based on past experience and is considered rea-
sonably correct for moderate size machines, the battery sizes,
if anything, being somewhat high. The table is not extended
for machines larger than 168 levers, as with such plants it is
believed that special study of lever movements should be
made in the determination of the battery size.

If the signals are to be lighted and auxiliary apparatus
operated from the interlocking battery, an additional number
of ampere hours must be added to the figures in the table,
the calculation being made in accordance with the preceding
paragraphs dealing with the capacity required for electric
lighting and for miscellaneous purposes.
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GENERAL DATA ON CHARGING LEAD TYPE STORAGE BATTERIES

c it Normal Required Required DC-DC MOTOR-GEN. SETS AC-DC MOTOR-GEN. SETS Mercury Arc
apél}c v Charging Generator |H. P. for Belt- Rectifier
Current at Capacity at Connected Floor Space | Floor Space
Dy 8-Hour Rate | 160 V. Max. | Gas Engine Input Required E pont Required Aoput
Amp. Hrs. Amps. KW H P, XwW Inches E KW Inches Xw &
&
40 5 1.00 1.50 1.25 45x 18 1.50 39x18 1.00 9]
60 4.5 1.25 2.25 1.75 47x19 2.00 41x19 1.50 g
80 10 FT5 3.00 2.50 49 x 21 2.75 43 x 20 2.00 E
120 15 2.50 4.25 3.25 52 x 23 3.75 46 x 22 3.00 ;
=«
160 20 3.25 5.75 4.25 55 x 24 5.00 49 x 23 4.00 S
200 25 4.00 7.00 5.50 58 x 26 6.25 51 x25 5.00 g
240 30 4.75 8.50 6.00 60 x 28 7.00 54 x 26 6.00 %
280 35 5.75 10.00 7.00 63 x 30 8.00 56 x 28 7.00 E
320 40 6.50 11.25 8.00 66 x 31 9.25 58 x 29 8.00 %
w
400 50 8.00 14.00 10.00 70x 33 11.50 60 x 31 10.00 8
2]
Nore.— The above recommendations for required H. P. of gas engines is based on R. S. A. specifications.
The data on inputs and floor space is closely approximate and is satisfactory for estimating purposes.
Motors for DC-DC Motor generator sets designed for operation on 110, 220, 440, or 550 volts direct current.
Motors for AC-DC Motor generator sets assumed to operate on 25 or 60 cycle single phase current. Efficiencies for two and
three phase sets of equal capacities are closely the same; dimensions, however, are somewhat less than those shown.
When Mercury Arc Rectifiers are used on 60 cycle circuit, 220 volts only AC is_necessary to give required amperes at 160 volts.
When used on 25 cycle circuit, 440 volts AC is required —this generally means that a transformer must be installed, as 440 volts a
25 cycle current is not a commercial standard. ©
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G. R. S. BATTERY CHARGING SWITCH

The battery charging switch illustrated by Fig. 108 provides
a simple and efficient means for connecting storage batteries
in series with charging and discharge lines, permitting the
batteries to be switched off or on to the line without opening
the charging circuit.

During the manipulation of the switch, short circuiting of
the battery is avoided by automatically inserting a resistance
during the interval that the battery would otherwise be on

6%

Fic. 108. BATTERY CHARGING SWITCH

short circuit, which resistance is again cut out as soon as that
point is passed.

Manipulation of the switch is simple, the four different
positions of the switch controlling the battery as follows:
1 — Battery A discharging, Battery B charging.

2 — Battery A discharging, Battery B open.
3 — Battery B discharging, Battery A open.
4 — Battery B discharging, Battery A charging.

The charging switch is compact and substantial in design
and so arranged to permit of easy inspection. The commu-
tator possesses a high degree of insulation. The contact
Elates and fingers are large, being designed to take care of the

eavy currents necessary in this kind of work without heating.
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DIRECT CURRENT GENERATORS

GENERAL DESCRIPTION OF CHARGING APPARATUS

IRECT current generators of the shunt wound type are
ordinarily used for storage battery charging. The
capacities of the generators used in connection with the

G. R. S. electric interlocking system run from 1 to 8 K. W.,
as shown in the table on page 159, the current being delivered
at a potential ranging from 110 to 160 volts.

Where commercial power is available, it is preferable to
use a direct connected motor for operating the charging gen-
erator. Where such power is not available, a gasoline engine
is generally employed to drive the generator, either by means
of belting or by being directly connected to the generator.

The charging is generally controlled through the medium of
a power switchboard equipped with a no-load, reverse-current
circuit breaker, which opens the charging circuit if the gener-
ator voltage drops below that of the batteries, thus preventing
the generator from running as a motor on current delivered
by the batteries.

A simplified charging circuit is shown by Fig. 110. In this
circuit the generator is assumed connected for right-hand
rotation; to secure left-hand rotation the field connection
should be reversed.

SETTING UP THE MACHINE

The generator should be located in a room which is as dry
and clean as possible: a room which is hot and dusty should
be avoided, particularly if the dirt is of a gritty character, as
it is apt to injure the commutator and bearings of the machine.

The machine should be in plain sight and have sufficient
room on all sides for easy access, care being taken that there
is sufficient room to permit taking out the armature.

If the flooring of the power house is firm, the generator or
motor generator set may be mounted on a wood block three
or four inches thick, screwed to the flooring; if the floor con-
struction will not permit this, a concrete foundation should
be installed.

WHEN STARTING GENERATOR FOR THE FIRST TIME

Before starting the machine for the first time, make sure
that the main switch and circuit breaker are open (Fig. 110).
Raise the brushes from contact with the commutator and
examine them to see if they are in proper condition. Fill
the bearings with oil. Make sure that the armature and field
coils of the generator have not become wet during shipment
or while being stored; if any sign of dampness is noted they
should be dried out, following the instructions on page 165.

Run the generator light for a time, noting whether the oil
rings are working properly, and if the generator is belt driven,
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note whether the machine is so lined up that the belt runs
central on the pulleys and the armature plays freely back and
forth between its bearings. At no-load the speed of the gener-
tor should be slightly high, so that at full-load it will come
down to approximately that indicated on the name plate.
After making sure that the commutator brushes are still
raised, cut the rheostat fully “in”’ and then close the main
switch and the circuit breaker (Fig. 110). Cut the rheostat
“out” gradually and then “in’’ again, after which the main
switch should be again opened. This procedure causes cur-
rent to flow through the generator fields and insures the
field coils having a proper residual magnetism. Replace the
brushes on the commutator and shift the brush holder, if
necessary, to bring the brushes to the “neutral’ position,

POWER SriTck BOARD

CIRCUIT
BREAKER
GENERATOR

ARMATURE +

STORAGE
BATTERY

|
GENERATOR |
FIELD ¥
|

.

=

Fi1a. 110. SimpLIFTED CHARGING CIRCUIT

After the machine is running and has built up, the brushes
should be rocked backward and forward until the point
of minimum sparking is found. When the machine is run-
ning under load this should be again checked and the position
of the brushes shifted again if necessary; lock and leave
brushes in this position.

To START THE CHARGE

See that the main switch and circuit breaker are open, and
that the rheostat resistance is all cut “in.”

Get the generator up to speed and make sure that the
brushes are in proper position and that the oiling rings are
working properly.

See that the belt has the proper tension; that is, it should
be as loose as possible and yet not slip or tend to run off the
pulley with load on.

Cut the rheostat resistance “out’’ until the voltage is a
little higher than that of the battery, being sure that the
voltmeter needle deflects in the same direction for both
generator and battery (see switch No. 2, Fig. 118). This
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latter insures that the positive terminal of the generator will
be connected to the positive pole of the battery.

Close the main switch and circuit breaker and adjust the
rheostat until the proper amount of current is flowing into
the battery, also adjust the brushes if necessary for minimum
sEarking. It will be necessary to change the adjustment of
the rheostat occasionally as the battery charging increases, in
order to maintain the current at the proper amount.

To SHUT DOWN

To shut down, lower the voltage by cutting “in”’ the rheostat
until the circuit breaker on the switchboard opens of itself
and then stop the engine. If no circuit breaker is provided,
wait until the current is practically at zero before opening the
main switch on the battery. After the machine has stopped,
relieve the tension on the belt so as to prevent it from stretch-
ing during such time as the machine is standing idle.

GENERAL INSTRUCTIONS

It is hardly possible to give detailed and complete instruc-
tions in these pages for locating all the troubles which may
arise in the use of such apparatus. The type of machine
used for charging storage batteries is so simple, however, that
by adhering to the following general instructions, it is believed
that satisfactory operation of the machine will be obtained.

The generator should be kept perfectly clean and dry and
should not be unnecessarily exposed to dust. This can best
be accomplished by throwing a waterproof covering over the
machine when not in use.

Do not overload the machine. To load the machine beyond
the capacity indicated on its name-plate is never conducive
to best operation, this being the frequent cause of over-
heating in the machine, sparking at the commutator, or other
troubles.

Overheating the generator may be readily detected by
applying the hand to the various parts of the machine; in
general a temperature that cannot be borne by the hand is to
be considered excessive. An odor of burning varnish is indi-
cative of serious overheating, and a machine which shows this
sgmptom should have the load removed at once; rotation of
the armature may be continued with the fields de-energized
for the purpose of cooling the machine.

The bearings should be kept thoroughly lubricated with
the best grade of lubricating oil. While the machine is run-
ning, care should be taken from time to time to see that the
oiling rings are working correctly.

Particular attention should be given to the commutator
and brushes to see that the former keeps perfectly smooth
and that the latter are in perfect adjustment. The commuta-
tor should assume a dark brown, glossy appearance, if proper
brushes are used and are kept from sparking, and if the

B
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capacity of the machine as indicated on the name plate is not
exceeded. The condition of the commutator and brushes may
be regarded as the best barometer of the condition of the
generator.

The free use of lubricants on the commutator is not recom-
mended. In cleaning the commutator a tightly woven cloth
(free from lint) or chamois skin, should be used and the
commutator then wiped with a rag which has a little vaseline
on it.

To fit the brushes to the commutator draw No. 00 sand-
paper under them, smooth side to the commutator, as shown
in Fig. 111, the brushes to bear on the sandpaper only when

HANDLE

COMMUTATOR

Fic. 111. MgerHOD OF FITTING BRUSHES TO COMMUTATOR

it is being drawn in the direction in which the surface of the
commutator will run when the machine is in operation. After
the brush is shaped to the commutator finish up with No. 0
sandpaper and then carefully clean the commutator and
brushes of all particles of dust or grit.

The brushes shipped with the machine are ordinarily best
adapted to the work and other brushes are liable to cause
trouble. A little oil may be applied to the brushes should
they become dry and noisy.

If the armature or field coils of the generator should become
wet, they should be thoroughly dried out before running the
machine under load as the moisture is liable to damage the
windings. The coils of the machine may be dried out by
baking in an oven at a temperature of 240 degrees Fahr.
for several hours, or if an oven is not available they may
be dried out by placing near the fire. Another method is
}:‘lo1 (li'un the generator for several hours without exciting its

eld.
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GENERATOR FAI1Ls To BuiLp Up

One of the common troubles which occurs in the operating
of generators is the failure of the machine to build up. This
failure may be generally attributed to one of the following
causes:

1. Open circuit due to a broken wire, faulty connec-
tions, brushes up, fuse blown, open switch, ete.

2. Reversed connections in field circuit or reversed
direction of rotation.

3. [Excessive resistance due to poor brush contact.
Brush contacts often have an excessively high resistance
when generator is first started, and a momentary pressure
of the fingers on the brush or brushes may enable the
machine to build up.

4. Weak, destroyed or reversed residual magnetism.
To restore residual magnetism send current from battery
through the fields in the proper direction.

5. Brushes not in their proper position.

6. Short circuit in the machine or in the external
circuit.

R. S. A. SPECIFICATIONS FOR ELECTRIC

GENERATOR (1910)
1. MATERIAL

(a) The generator shall be shunt wound, self-excited, shall
have self-oiling bearings, carbon brushes, rheostat, and
when belt connected, a belt tightener, sub-base, and pulley.

(b) The normal or rated speed shall not exceed fifteen
hundred (1500) r. p. m. except when direct connected to an
a. ¢. motor or steam turbine.

(¢) The generator shall have a continuous current
capacity equal to the eight (8) hourrate (..............
ampere) of the battery, at a voltage equal to the maximum
voltage (UL osingadn volts) of the battery on charge,
without a rise in temperature in any part exceeding
seventy-two (72) degrees Fahr. (40° C.) above the tem-
perature of the surrounding atmosphere.

(d) It shall be so wouad that its voltage at the con-
tinuous current rating given above, may be varied by
means of a field rheostat between the minimum and the
maximum charging voltage of the battery.

(e) The generator shall be capable of supplying for four
(4) hours a current output twenty-five (25) per cent. in
excess of the continuous current capacity referred to in
above without a rise in temperature in any part exceeding
ninety (90) degrees Fahr. (50° C.) above the temperature
of the surrounding atmosphere.

(f) It is understood that the temperature of the sur-
rounding atmosphere is to be based on seventy-seven (77)
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degrees Fahr. (26° C.), but should the temperature vary
from this, corrections shall be made in accordance with
the recommendations of the American Institute of Elec-
trical Engineers.

(9) The current output of the minimum allowable gen-
erator shall be that required for the operation of two (2)
switches simultaneously.

(h) With the brushes in a fixed position, the generator
shall be practically sparkless under all operating condi-
tions, as outlined above.

(%) These generator specifications describe a machine
which, in normal power interlocking service, will have an
ample overload capacity to meet general requirements.

b,
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A

INSTALLATION DATA FOR G.R.S. D.C.-D.C. MOTOR GENERATOR SETS

WHEN USED FOR CHARGING

DIMENSIONS IN INCHES

Maximum STORAGE BATTERY
Capacity Revolutions per
of Set Ampere Hour Motor Generator Minute
in Kilowatts Capacity of Battery,| Input at 220 Volts, A B C
Normal Voltage 110 (Approximate) (Approximate)
1.25 40 7 1500 39 21 2038
1.25 60 9 1500 39 21 2038
2.40 80 10 1500 42 21 203%
2.40 120 15 1500 42 21 2038
3.25 160 20 1500 50 21 215g

Nors.— Motors designed for operation on voltages from 110 to 550. Amperes input at other voltages than 220 approximately

in inverse proportion to voltage.
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Nore.— Gas engines shown are de-
signed to start on gasoline and to oper-
ate on gasoline, naphtha, kerosene, or
power distillate without any change of
equipment.

Speed of D. C. generators — 1500
R.P M,

Starting cranks furnished for 2, 3,
and 4 H. P. gas engines only.

S

Tty

“w

30

8- 0" Minimum

Data for table furnished by Fair-
banks-Morse & Company.

i
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INSTALLATION DATA FOR G. R. 8. GENERATORS, BELT CONNECTED
TO FAIRBANKS-MORSE VERTICAL GAS ENGINES

MOOdANVH ODNIMDOTIHLNI DIYLOHTH

G. R. 8. Co. DIRECT CURRENT GENERATOR FAIRBANKS-MORSE SPECIAL ELECTRIC ENGINE
A B C D G AA BB CcC | DD EE FF GG | HH
Gapac- | Amp, HP | RPM .

Inch Inch Inch Inch Inch | Inch | Inch | Inch | Inch | Inch | Inch | Inch | Inch

5 20 19 83 3 1845 2 450 35 263 28 3% 5% 30 | 412 36

7% 20% 19 9; 3 185 3 400 42% S0 | 38 3% 6 36 53¢ | 42

10 201 20; 11 3 1845 4 400 44 313 | 41 34 7 36 55% | 42

15 20% 20 11 3 1845 6 400 52 39% 42 4% 10 42 594 42

20 20% 243 11 4 19% 6 400 52 394 42 4% 10 42 59% 42

691



GASOLINE ENGINES

GENERAL DESCRIPTION

ASOLINE engines, used in the charging of moderate
sized storage batteries, are generally of the single
cylinder four eycle type, water cooled and equipped
with the “Make and Break” electric ignition. The vertical
type engine is lubricated by the crank dipping into an oil
bath in the base of the crank case; oil and grease cups
?re further provided for lubricating parts not so cared
or.
The operation of the engine is maintained at a constant speed
by either regulating the mixture of gasoline vapor or by
varying the number of power impulses as soon as a certain

LA
A-Circulating Tank  D-Vent
B-Return Pipe E - Drain Pipe
C- Supply Pipe F- Valve
G- Exhaust Pipe - Engine to Exhaust Pot
Fra. 114, WaATER CONNECTIONS FOR F1a. 115. WaATER CONNECTIONS
GasorLiNE Excine Using rFOR GasoLINE ENGINE
CooriNng TANK Coorep BY RUNNING

WATER

speed is exceeded; the engines so controlled are known as the
! Tlhrottling Governor’’ or the ‘“Hit and Miss”’ types, respect-
ively.

In a common type of engine used for this work, a pump
supplies gasoline to a reservoir, an overflow pipe being con-
nected with the reservoir to maintain the gasoline at a uniform
height. At the proper time in the cycle of operation, the
engine piston sucks air through the air inlet passage and at
such a velocity that gasoline is picked uf) from the reservoir
and drawn through an adjustagle nozzle into the cylinder
head, the gasoline mixing with the air to form the required
explosive vapor.
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LOCATION OoF ENGINE

In locating the engine, at least two feet should be left on
all sides of engine for convenience in starting and for having
sufficient room to make necessary adjustments and repairs.

The gravity system of circulation is generally used for the
cooling water. With this system, the tank for the cooling
water is generally placed on the floor, as shown in Fig. 114; best
results are secured, however, by having the tank elevated
enough to bring the bottom above the lower water opening on
the engine cylinder. Connections should be as shown, large
enough piping being used to permit free circulation of the
water. Valves F-F must be inserted in the pipe line to permit
drawing off the water from engine in freezing weather without
emptying the tank.

The gasoline tank should be located outside of the building,

Supply Pipe
Return Pipe

and with engines equipped with a gasoline pump, the tank
should be placed at a lower level than the engine, so that when
the engine is idle the gasoline will drain back into the tank.
In making the connections between the gasoline tank and
engine, care must be taken to wash out all piping and joints
with gasoline to remove any loose matter or scale from the
interior of such connections.

To START ENGINE

See that engine is properly oiled and that water and gasoline
valves are turned on. Pump gasoline into reservoir. Fill
priming cock on head of cylinder; this may not be necessary
in warm weather. Make sure that spark lever is in “retard”’
or “late” position, then close switch to ignition circuit.

Turn engine fly-wheel in normal direction of rotation.

After ignition occurs, remove starting erank, advance spark
lever to “early” position and regulate the throttle valve. It
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will be found that this last adjustment varies with the tem-
perature, requiring much coarser adjustment with cold weather
than with warm.
Load should not be thrown on the engine until after it is in
operation.
To Stor ENGINE

Close throttle valve and open switch on battery. If it is
freezing weather, water should be drawn off from engine.

GASOLINE ENGINE TROUBLES

IaeNITION TROUBLES
Engine misses or fails to start

(a¢) Weakened Batteries.
) Strong Batterles, but Wlth following defects:
Switch in “OFF”’ position.
Insulation on wire worn, causing short circuit.
Circuit open by broken or loose connections.
“Make and Break’’ mechanism inoperative, due

to broken spring, bearing stuck, ete.
“Make and Break’’ mechanism contacts fouled.
“Make and Break’ adjustments incorrect.
Broken down spark coil.

SHR e R

CARBURETION DIFFICULTIES
Engine maisses or fails to start
(a) Fuel Supply — tank and pipe line:
Throttle valve closed.
Tank empty.
Tank vent stopped up.
Gasoline pump inoperative.
Gasoline pipe plugged.
Water in gasoline.
(b) Mixture too rich:
1. Throttle valve adjustment incorrect.
2. Air passage clogged.
(¢) Mixture too weak:
1. Throttle valve adjustment incorrect.
2. Spray valve ]partially stopped up.
3. Intake pipe leaky.

' o oo

Loss oF COMPRESSION
Engine misses, looses power, or fails to start
(@) Improper valve operation:
1. Valves do not lift at proper time; due to loosening
or stripping of gearing on cam or crank shafts.
2. Valves fail to seat properly or too slow; due to
weak spring.
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(@)

®

3. Worn cam followers, cams, push rods, ete.
Leaky piston rings.
Priming valve open or leaky.
Leak in cylinder head packing.
Failure of lubricating system (engine hot):
1. Oil valve shut off.
2. No oil in oil cups.
3. Oil drained out of crank case (vertical engine).
Failure of cooling system (engine hot):
Valve in water piping closed.
No water in cooling tank.
Water below normal level (gravity system of
circulation).
Water piping plugged.
Pump out of order (forced circulation).

Snigsy Sobe ke

CANNOT CRANK ENGINE

Engine heated due to failure of lubricating or cooling
systems. :
Crank or connecting rod bearing overheated or seized.
Piston overheated or seized.
Timing gears broken or jammed.
Connecting rod disconnected, broken or bent.
Crank shaft broken or bent.
Water in pump frozen (force system of water circu-
lation).
MECHANICAL DIFFICULTIES
Engine misses, looses power, or fails to start

Externally apparent:

1. Valve spring weakened or broken.

2. Valve stem bent, broken, or gummed.

8. Valves leaky (carbon on seats).

4. Valve stem and cam-follower always in contact

(no clearance).

5. Muffler or exhaust pipe obstructed.
Internally apparent:
Cylinders or valves carbonized.
Piston rings gummed or broken.
Leaky piston rings, slots in line.
Cam head worn, shifted or broken.
Piston head or cylinder wall cracked.
Piston rings and cylinder wall scored.

CoONE S0t i

Loss oF PowErR WITHOUT MISSING

Ignition system adjustments wrongly set.
Carbureter adjustments wrongly set.
Lubricating system operating imperfectly.
Cooling system operating imperfectly.
Poor valve operation.

Batteries weakened, giving poor spark.
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(9) Mechanical difficulties, such as worn valve connections,
ete.

(k) Intake pipe leaky.

(z) Muffler or exhaust obstructed.

(7) Engine bearings overheated.

EDITOR'S NOTE
Above articles based on data furnished by Fairbanks-Morse &

Company.

R. S. A. SPECIFICATIONS FOR GASOLINE ENGINE
WITH FUEL AND WATER TANKS (1910)
ENGINE

(@) The recommended brake horse power of the gasoline
engine shall be not less than one and three-fourths (134)
times the kilowatt capacity of the generator at the maxi-
mum voltage and the eight (8) hour charging rate.

(b) The engine shall run without injurious vibration and
shall operate continuously at Manufacturer’s specified
capacity for a period of sixteen (16) hours without injurious
heating in any part.

(¢) Regulation in speed shall be within three (8) per
cent. from no load to full load and the regulation as re-
corded on the voltmeter for a given current shall not vary
more than two (2) per cent. between impulses.

(d) Electrodes on the engine for electric ignition shall be
tipped with platinum or an equally serviceable material.

(¢) Manufacturer’s standard exhaust muffler shall be
provided.

(f) Engine and accessories shall be acceptable by and
installed under the rules of the National Board of Fire
Underwriters and the attached requirements of local
authorities.

(9) Engines of twenty-five (25) horse power or less shall
not exceed a speed of four hundred (400) r. p. m.

TANKS

(a) Gasoline tank of............ gallons capacity shall
be furnished. Fuel and cooling tanks shall be made of
iron or steel with brazed or riveted seams.

(b) Tanks shall be galvanized after they are put together.

(¢) For tanks either for fuel or water, selection shall be
made, when practicable, from the following table:

Gallons Inches in Inches in Gauge metal

capaciiy diameter length Head Body
66 18 68 14 16
120 24 66 12 14
500 36 120 10 12

As a guide in ordering tanks, it is good practice to con-
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sider that it will require one-tenth (Y40) of a gallon of gaso-
line per horse power hour for gasoline engines.

(d) For cooling, the minimum of free running water
should be not less than ten (10) gallons per horse power
hour, and for the circulation tank system not less than
fifty (50) gallons per horse power.

(e) Sufficient piping shall be furnished to locate the
gasolinetank ............ feet from the engine.

(f) Unions in all piping shall be equipped with ground
brass seats.

(9) Unless otherwise specified, an iron or a steel coolin,
tank of sufficient capacity for a continuous run of ten (10
hours on one (1) filling, with connections and removable
cover, shall be furnished. Connections between engine
and tank shall be arranged for convenient and complete
drainage of the cooling system, for independent drainage
of the engine and tank, and to conduct all waste water
and steam to the outside of the building.

(h) When engine is installed in same building with
storage batteries outside air intake shall be provided.

3
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MANIPULATION CHART FOR SWITCHBOARD SHOWN ON PRECEDING PAGE’

Throw Switches (See Note 1)

8R—5R—3R—1L —4L —6L —10 up
8R—5R—3R—1R—9L —4L —6L —10 up

8R —5R—3R—1R—9R —4L —6L —10 up

8R —5R —3L —1L —4R—6L —10 up or

8L —5R—3L —1L —4R —6L —10 up (see NoteQ)
8R—5R—3R—1L —4L —6R —7R — 10
8R—5R—3R-1L—4L——6R—7L—10 up

8L —5R—3L —1R—9L —4L —6R —7R —10 up
8L —5R —3L —1R—9R —4L —6R —7R—10 up
8L —5R—3L —1R—9L —4L —6R —7L —10 up
8L —5R—3L —1R—9R—4L —6R—7L —10 up
8R —5R—3L —1L —4R—6R —7R—10 up

8R —5R—3L —1L —4R—6R —7L —10 up
8R—5R—3L —1R—9L —4R—6R—7L —10 up
8R—5R—3L —1R—9R —4R—6R—7L —10 up
8R—5R—3L —1R—9L —4R—6R—7R—10 up
8R—5R—3L —1R—9R—4R—6R—7R—10 up
8L —5R—3L —1R—9L —4L —6L — 10 up

8L —5R—3L —1R—9R —4L —6L — 10 up

8L —5R—3L —1L —4L —6R —7R—10 up

8L —5R—3L —1L —4L —6R—7L —10 up

2R

2L

7L

7R

2R—14 up—15 up—16 up—17 up

2L —14 up—15 up— 16 up—17 up

From Function
Generator Charge Battery 1 and Serve Interlocker,. .
Generator Charge Batteries 1-2 and Serve Interlocker,. .
Generator Charge Batteries 1-3 and Serve Interlocker,. .
Generator Charge Battery 4 and Serve Interlocker,. .
Generator Charge Battery 4 and Serve Interlocker,. .
Generator Charge Batteries 1-5 and Serve Interlocker,. .
Generator Charge Batteries 1-6 and Serve Interlocker,. .
Generator Charge Batteries 2-5 and Serve Interlocker,. .
Generator Charge Batteries 3-5 and Serve Interlocker,. .
Generator Charge Batteries 2-6 and Serve Interlocker,. .
Generator Charge Batteries 3-6 and Serve Interlocker,. .
Generator Charge Batteries 4-5 and Serve Interlocker,. .
Generator Charge Batteries 4-6 and Serve Interlocker,. .
Generator Charge Batteries 2-6-4 and Serve Interlocker,. .
Generator Charge Batteries 3-6-4 and Serve Interlocker,. .
Generator Charge Batteries 2-5-4 and Serve Interlocker,. .
Generator Charge Batteries 3-5-4 and Serve Interlocker,. .
Generator Charge Battery 2 and Serve Interlocker,. .
Generator Charge Battery 3 and Serve Interlocker,. .
Generator Charge Battery 5 and Serve Interlocker,. .
Generator Charge Battery 6 and Serve Interlocker,. .
Battery 2 Serve 10 Volt. Feeders, S
Battery 3 Serve 10 Volt. Feeders, P
Battery 5 Serve Track Circuits, FiAE
Battery 6 Serve Track Circuits, g
110 V Serve Light Circuits, P

Outside Source | Serve Light Circuits, e

To Measure Charging Current, W s e e 11G

To Measure Current to Interlocker, b S

To Measure Voltage Auto-Signal Battery. LRl s L

To Measure Voltage Track Circuit, . . L i el G

To Measure Voltage of Battery 2, At

To Measure Voltage of Battery 3, s eI ST
To Measure Voltage of Battery1, . . . . . . . | 13E
To Measure Voltage of Generator, . . . . . . . | 13F
To Measure Voltage of Outside Source, . . . . . | 183G

Note 1.— When charging batteries from outside source, use same manipulation except switch No. 5 is to be thrown to left.
Nore 2.— If charging current cannot be reduced low enough with the first manipulation (switch 8 to the right) throw switch 8

to the left; this is necessary on account of the variable number of cells that might be ready for charge.
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POwWER SWITCHBOARD FOR ONE GENERATOR AND ONE 110 VoLt BATTERY, IN CONNECTION WITH OPERATING SWITCHBOARD

To test for ground, throw switch
3 to right or left. If lamp lights
when pressed to the right it shows
that the negative wire is grounded.
If lamp lights when pressed to the
left it shows that the positive wire
is grounded.

Red lamp lighted shows that
the circuit breaker is open.

MANIPULATION

To measure generator voltage -1G
To measure battery voltage —1B
To measure charging current—2C
To measure discharge current-2D
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o G AL

w )y i, Bus

E § [§w§us
1

P oy, AT |

Common Pol. Relay Contacts
Fre. 124

on Inter. Mach

08T

ANVJAINOD TVNDIS AVMTIIVY TVIENTD



ELECTRIC INTERLOCKING HANDBOOK 181
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Polar Relay Contacts

To test for ground, throw switch No. 1 to the right or left. If the
lamp lights when pressed to the right it shows that the negative wire is
grounded. If lamp lights when pressed to the left it shows that the
positive wire is grounded.

Red lamps lighted shows that the circuit breaker is open.
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F1a. 130
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SECTION VII

INSTALLATION AND OPERATING DATA FOR
ELECTRIC INTERLOCKING MACHINES

COVERING INSTRUCTIONS FOR INSTAL-

LATION AND MAINTENANCE; ALSO

DATA FOR THE APPLICATION AND
OPERATION OF LEVER LOCKS



INSTRUCTIONS COVERING THE INSTALLA-
TION AND MAINTENANCE OF THE
MODEL 2 ELECTRIC INTER-
LOCKING MACHINE

SHIPMENT

EFORE shipment the interlocking machine is assembled
complete in every detail and subjected to a rigid electric
and mechanical test. It is then partly disassembled,

the levers, lever tappets and locking, the legs and lower tiers
of locking Flates (if furnished) being boxed separately from
the body of the machine. This latter is then divided into
sections of approximately forty lever spaces and boxed
on skids for shipment. efore boxing, all machined parts
are wiped dry and coated with vaseline to guard against the
effects of rust during.transit.

STORING

Upon the receipt of the machine it should be stored in a
dry place. If some time passes before the machine is set up
and there is any chance of its different parts rusting, these
parts should be wiped dry and recoated with vaseline.

INSTALLATION

The first step in the assembly of the machine is to bolt the
sections to their supporting legs and the various sections to
each other. The legs are numbered and the machine beds
marked to correspond. Extreme care should be taken in
shimming up under the legs to insure accurate alignment of
the bed and an even distribution of the weight on the sup-
porting legs. Failure to do this, especially in a large machine,
is very likely to result in binding between the various parts of
the mechanical locking.

The second and third tiers of locking plates, if used, should
be assembled on the machine, care being taken to place the
templet furnished for the purpose in the horizontal and vertical
locking slots before doweling the locking plates to their sup-
port. Never file the screw holes when mounting these plates
since this is not necessary if the bed has its correct alignment.
To permit of the plates being placed in the same location as
when the machine was assembled in the factory, the second
tier of plates are numbered 1, 2, 3, etc., from left to right, and
the third tier 1A, 2A, 3A, etc., also from left to right.

The locking should then be assembled in the locking plates
and the lever tappets placed in their proper positions. Each
locking dog is stamped with the number of the tappet with
which the dog is to engage and the locking bars with numbers
to correspond with the slot in which they are to be placed,
these slots being numbered in sequence from the top of the

(
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locking bed to the bottom (thirty-two slots per tier of locking).
Each tappet is stamped with the number of the lever to which
it is to be attached.

The levers should then be placed in their respective guides,
and worked back and forth to insure that they operate freely,
that they are checked at the normal and reverse indication
points, and that they can be moved to the full normal and
full reverse when indicated. (Signal levers are not indicated
on the reverse movement.) The circuit controllers and
tappets should be carefully fastened to their respective levers,
and the levers tried for freedom of movement with all working
parts connected.

The buss bars, buss wires and the connections between the
individual polarized relays, which have been separated during
shipment, should be securely connected by joining the short
leads provided on the machine for the purpose.

TESTING

A careful test should be given to the mechanical locking
by setting up the various routes in accordance with the track
plan or manipulation chart, testing the various levers in the
route to see that they are locked and likewise testing all levers
which conflict with the given route. This will insure that
none of the locking parts have been omitted in assembling.

When wiring up the interlocking machine it is well to check
up the controller contacts to see that all special contacts
called for by the wiring plans have been provided.

The lever and its connections will be checked up as the
individual functions are tested out; i. e., the completed opera-
tion of the function normal and reverse, shows tﬁat the lever
wiring is correct, its controller springs making good contact,
that the indication magnet operates properly, and if the func-
tion is a switch, that the indication selector also is giving
proper operation. If desired, a check can be secured on the
polarized relays by making the cross protection tests described
on page 94.

MAINTENANCE

The maintenance of the interlocking machine principally
consists in keeping the machine cleaned, all connections tight,
and of wiping with an oiled rag at stated intervals such parts
as are liable to rust.

When cleaning or oiling the locking, it should not be re-
moved from the interlocking machine. Use only high-grade
oils, such as “8 in One,” “Hydrol”’ or “Polar Ice.”

Commercial fuse wire should not be used to replace the fuses
furnished with the machine, since commercial wire is not
carefully graded and may carry a much larger current without
melting than the fuses secured from the manufacturer.

As a general statement, it may be said that the operation of
the various functions is a good check on the condition of the
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interlocking machine, since the completed operation of the
various functions gives assurance as to the integrity of all parts
of their operating circuits. It is well, nevertheless, to antici-
pate the possibility of loose connections, etc., and at stated
intervals to make inspections of the different connections,
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Fic. 138. MoperL 2 Unit LEVER TYPE INTERLOCKING MACHINE.
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Note location of polarized relays, buss bars and fuses.

contacts and various mechanical parts on the interlocking
machine to insure that all parts are kept in the best condition.

As mentioned above, the operator may assure himself as to
the constant integrity of the cross protection by means of the
simple tests described on page 94.
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384 8-40+2-32 | 11 | 58 6/-4%"| 54" | 6/-8" | 6/-8" | 6/-8" |6/-8” |6'-8" |6/-8" |5'-4" |6/-41%" (64707 X

392/ 9-40+1-32 | 11 | 59 |6/-4%4"| 6/-87 | 6/-8" | 6/-8” | 5'-4” |6/-8” |6-8" |6/-8" |6/-8” |6/414"|65'4"| [Fafofcfoe-reffnfTr
400\ 10-40 |11 |60 |6™-4%%"|6/-8"|6/-8" | 6/-8” | 6/-8" |6'-8” |6'-8" |6'-8" |6-8" |6/-41%"|66/-8"

Norte.— For length of cabinet of the standard Unit

of locking. For length of cabinet of interlocking machi

Lever Type interlocking machine (Fig. 136) add 11 inches to length
ne shown in Fig. 137, add 8 inches to length of locking.
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INSTRUCTIONS FOR CUTTING AND TESTING
NOTCHES FOR LEVERS CONTROLLED
BY LEVER LOCKS

HERE lever locks are applied to machines before ship-

ment from the factory, the notches are cut in the

levers as nearly right as possible, it being understood
that before the machines are put into service on the ground
the clearance will again be checked up by test and the
notches cut out further, if necessary, to give the proper clear-
ance. This clearance should be at least equal to that indi-
cated below when the lever in question' is locked by other
levers through the medium of the tappet locking, and also
when said lever is pulled or pushed hard in either direction
to take up all lost motion, the lever latch being lifted at the
time.

The lever should be tested as above for clearance for every
combination that locks it.

In making the test for clearance, proceed as follows:

With the lever full normal (Fig. 139), set up some one com-
bination that locks it; lift lever lock (A) by applying current,
also the lever latch (B), and pull the lever strongly toward the
reverse position, as indicated by the arrow, thus taking up all
lost motion, and then with a seriber mark this position of the
lever. Then drop the lever lock by cutting off the current,
release mechanical locking that is holding the lever, and again
pull the lever toward the reverse position until it takes up
against the lever lock, and again mark the position of the lever
with a scriber. The distance between these scriber marks
will then tell the clearance “D’’ existing. Repeat this process
for every combination that locks the lever in its normal posi-
tion, and if the clearance “D’’ thus found is less than one-
eighth inch, the notch in the lever is to be cut out further to
give the proper clearance.

Then with the lever full reverse (Fig. 140), set up some one
combination that locks it; lift lever lock (A) by applying cur-
rent to it, also the lever latch (B), and push the lever strongly
toward the normal position as indicated by the arrow, thus
taking up all lost motion, and then with a scriber mark this
position of the lever. Then drop the lever lock by cutting off
the current, release the mechanical locking that is holding the
lever,and again push the lever toward the normal position until
it takes up against the'lever lock, and again mark the position
of the lever with a scriber. The distance between the two
scriber marks will then tell the clearance “D”’ existing for the
reverse position of the lever. Repeat this process for every
combination that locks the lever in its reverse position, and
if the minimum clearance “D’’ thus found is less than three-
sixteenths inch, the notch in the lever is to be cut out further
to give the proper clearance.




ELECTRIC INTERLOCKING HANDBOOK 193

Tests must also be made to determine that the clearance (C)
is sufficient to permit the lock to drop into its notch when the
lever is pushed as far normal as it is possible to get it, or is
pulled as far reverse as it is possible to pull it. This clearance
“C” can be checked by causing the lock plunger to be raised

LEVER LATCH B =
FIXED STOP FOR LEVER LATCH B
LOCK PLUNGER A

FIXED GUIDE FOR LOCK PLUNGER’A’

_______ REVERSE NOTCH
22 X -3
J

FIXED GUIDE FOR TAPPET BAR

Fiag. 139. NorcHing oF LEver FOr LEVErR Lock. NorMAL Posirion

LEVER LATCH B
NORMAL NOTCH
FIXED STOP FOR LEVER LATCH B’

FIXED GUIDE FOR LOCK PLUNGER A~

LOCK PLUNGER A’

FIXED GUIDE FOR TAPPET BAR

TAPPET BAR

Fia. 140. Norcuing oF Lever ror LeEver Lock. REeveErse PosiTion

-

and lowered, by making and breaking the circuit thus applying
energy to the lock, and if the plunger drops into the notch it

., is known that the clearance is there. :

* In cutting the notches see that the corners are left square
and the surface that comes against the lock plunger is vertical,
so that there may be no tendency to force the lock plunger out
by pulling hard on the lever.
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Test each lock by putting on and taking off current several
times to see that it works properly. If proper, its operation
will be quick and sharp.

Interlocking levers should be tested periodieally when in
service, in accordance with above instructions, to see that
sufficient clearance exists between the lock plunger and the
notch in the lever.

It will be sufficient if above inspection is made once a year.

When lever locks are applied to interlocking machines after
they have been installed it is sometimes necessary to get
additional clearance between the lock plunger and the lever
guides. This is to prevent the plunger from sticking to the
lever guides when the lock is energized.

The lever guide should be marked and chipped where
necessary, so that no part of the lever guide will be closer to
the plunger than one-eighth inch.

The chipping should be done with a light hammer and a
small cape chisel, and every precaution should be taken to
prevenlt the chips of iron from getting into the indication mag-
net coils.

ENERGY DATA FOR INDICATION MAGNETS FOR MODEL 2
INTERLOCKING MACHINE

FOR SATISFACTORY OPERATION
l{d‘g‘ggeat“ﬁ;‘r gi‘s’ﬁf Should Indicate on | Should not Indicate on

Volts Amps. Volts Amps.
Solenoid Dwarf, . . | 800 90 112 50 .0625
Model 3 Signal, . . 1.42 1.85 1.30 1.28 .90
Model 2A Signal, . 6.80 3.06 .45 2.58 .38
L. V. Battery,. . .| 13.60 4.35 .32 3.40 .25
Switch Machine, . . 1.42 1.85 1.30 1.28 .90
A. C. 25 Cycles, . . 7.00 35
A. C. 60 Cycles, . . 7.00 85

Nf)(r!:.—-— Values given above are for magnets mounted on interlocking
machine.

k.
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Lever Lock FOrR MODEL 2 INTERLOCKING MACHINE

ENERGY DATA FOR LEVER LOCKS OPERATING ON

DIRECT CURRENT

Regifﬁ:ce Mil Amps. Volts
14.5 360 5.2
35 238 8
75 173 13
120 133 16
250 120 50
1400 46 64
1500 53 80

Note.— Values given in above table are the minimum on which the lock

will operate.

Add 10 per cent. for practical operation.

Drop away cur-

rent equals 23 per cent. of the minimum operating current.

ENERGY DATA FOR LEVER LOCKS OPERATING ON
ALTERNATING CURRENT

RESE:I?;‘% Frequency Volts
35 25 cycles 25
8.6 60 cycles 25

Note.— Values given in above table are the minimum on which the lock

will operate. Add 10 per cent. for practical operation.

Drop away voltage

equals 50 per cent. of the minimum operating voltage.



SECTION VIII

SWITCH MECHANISMS

COVERING INSTRUCTIONS FOR IN-
STALLATION AND MAINTENANCE,
ENERGY FIGURES, CLEARANCES
REQUIRED, DIMENSIONS, TIE
FRAMINGS, STANDARD LAYOUTS,
AND TYPICAL CIRCUITS; ALSO
DATA ON DETECTOR BAR FIT-
TINGS, SWITCH CIRCUIT CONTROL-
LERS AND BRIDGE CIRCUIT
CLOSERS

INSTALLATION AND OPERATING DATA FOR



INSTRUCTIONS COVERING THE INSTALLA-
TION AND MAINTENANCE OF THE
MODEL 2 SWITCH MACHINE

STORING MECHANISMS

LL mechanisms and motors should be placed right side
up on timbers to raise them above the ground. The pole
changers should be housed in a dry place.

INSTALLATION

In making the installation, the first operation is the framing
of the ties. This should be in accordance with the plan
shown by Fig. 142. All slots cut into the ties should be care-
fully cleaned of dirt, chips, etc., before the tie plate is put
down and the gearing assembled.

Unless special features are required, all holes in the tie plate
are drilled before leaving the factory, with the exception of
those for the toe and slide plates. These should be so located

|
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A Motor H Lock Crank
B  Pole Changer I Lock Plunger
C  Friction Clutch J Throw Ro
D, Main Gear K Lock Rod
D, Intermediate Gear L  Pole Changer Movement
E Cam Crank M Pole Changer Connecting Rod
F  8tud on Main Gear N - Detector Bar Driving Link
G Driving Rod O Pin
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that, when the slide plates, toe plates, and rail braces are in
place, the proper track gauge will be rigidly maintained.

The various parts of the switch machine, with the exception
of the locking plunger, should then be assembled. In placing
the motor, care should be taken to secure proper alignment of
the connection between the motor and main gear. :

The throw and .lock rods may be connected at this time and
the lock plunger holes in the throw rod drilled. The lock rod,
however, should not be drilled until it is certain that the track
has its final alignment and the rail braces have been fitted,
thus insuring that there will be no change in the relative
position of the switch points and switch mechanism. Special
care should be taken when marking the lock rod to see that the
switch points are brought tightly up against the stock rail.
The most accurate method of marking the rods is to withdraw
the lock plunger and to insert in its place a piece of steel

=
Ll
3 dYW4d 4 o

Fic. 144 Fic. 145
Fields in Series. Fields in Multiple.
WiriNG FOR MoTORS, MODEL 2 SwiTcH MACHINE

tubing having an outside diameter of one inch, this tube
being pointed so as to make a clear cut mark on the surface of
the rod. After putting the machine in service, the top of the
lock rod should be notched slightly, as shown by P,, P,, P;and
P, in Fig. 146, to permit of a quick inspection being made as
to its accurate adjustment.

In wiring the machine, suitable conduit should be installed
to protect the wires running between the trunking and motor,
and the motor and pole changer.

ADJUSTMENTS

Before making any adjustments with the machine wired up,
the brushes should be raised from the motor armature.
It is necessary that the detector bar be disconnected while
making adjustments 1 and 2.
Plunger Connection.
With the machine placed in either extreme position (that
is with stud F at either end of the stroke in cam crank E),
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the driving rod G should be adjusted to such a length that the
end of lock plunger I will be flush with the outside face of the
lock frame (see Fig. 146). This adjustment never varies, and
it should not be changed after once being made correctly. If
incorrectly made it is liable to cause indication failure.

2. Pole Changer Movement.

When locating pins in the lock rod K for the operation of the
pole changer movement, move the switch machine to the
extreme position as shown in Fig. 143. Locate pin Q, so that
link R will just clear cap 8, by five-sixteenth inch (Fig. 146).

Fig. 146. Pore CHANGER MovEMENT L For MODEL 2 SwITCH
MaAcHINE
Lock plunger I is shown at end of its travel and not in position corre-
sponding with that of link R.

Then throw the switch to the other extreme position and
locate pin Q, in a similar manner. When assembling the
pins on the lock rod, drill, tap, and countersink the lock rod as
shown in Fig. 148.

3. Pole Changer Connection.

Any lost motion between the pole changer movement L and
the pole changer B must be equal at the full normal and full
reverse position of the switch machine. To secure this, adjust
the connecting rod M with the switch machine in either of its
extreme positions. Test with the machine first in the full
normal position and then in the full reverse position, pushing
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and pulling the rod M strongly to determine the total distance
it is possible to be moved. Repeat the adjustment until the
desired result is obtained. This adjustment never varies in
service and it should not be changed after once being made
correctly. If it is not made correctly it is very liable to pre-
vent the indication being given on the movement of the switch
to the position where the greatest lost motion exists.

4. Pole Changer Commutator.

The commutator T (Fig. 147) must revolve freely in its
bearings, care being taken that the contact springs U,, U,
and U, do not have so much tension as to prevent spring V
from snapping the commutator over. Adjust so that with
machine full normal or reverse, roller W and pin X are in the

e B SR e b = :} CONTROL WIRES
—————————————————— —= Main Common
F1c. 147, PorLe CHANGER WIRING, MODEL 2 SwITCH MACHINE

relative positions shown. The adjustment of the commutator
must be such that the snapping action will take place at such a
time that the amount of movement in the contact blocks Z,
and Z,, which precedes the snapping action, will be equal for
the normal or reverse movement. To be certain that this
result is obtained it will be necessary to move the mechanism
a number of times by hand very slowiy. Failure to have the
adjustment right will be almost certain to result in damage to
the insulating cylinder, due to arcing between the contact
spring and the contact cylinder, and may prevent indication.

The contact springs U, and U, are provided with slots which
will permit the springs, when resting on the insulated portion
of the commutator, to be centrally located.

After the commutator acjustments have been completed and
‘machine worked sufficiently to insure correct action, remove

-
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one of the set screws from the collar Y, drill into the shaft
and replace the screw, running it down until it locks the com-
mutator to its shaft; repeat this operation with the other
screw located in the collar.

In connecting up the operating coils to the contact springs
U, and U,, be sure to see that when the commutator is in its
fuh normal or full reverse position, the contact spring which
rests on the metal eylinder does not carry current. This can
be done by lifting it slightly; if a spark results it shows that
the contact springs should be interchanged.

5. Throw Rod.

The nuts on the throw rod must be placed so that the switch
points will be brought up against the stock rail snugly, but
not screwed up far enough to put any unnecessary strain on the
rod. Under normal conditions, with the throw rod adjusted
as above, a single switch or derail should permit of hand
operation (without the aid of a wrench or tommy bar) by
turning the intermediate gear D,. If it is not possible to do
this, steps should be taken to get the switch into this condition.

6. Lock Rod.

The drilling of the lock rod should be such that the lock
lunger will enter either hole with the switch full normal or
ull reverse, but will be prevented from entering if a piece of

metal one-eighth of an inch thick is placed between the switch
point and the stock rail.

7. Detector Bar.

To adjust the detector bar, place it in the desired position
relative to the top of the rail and adjust the connection N to
such a length that with the switch machine in either extreme
position, pin O may be inserted without changing the position
of either the detector bar or switch machine.

8. Clutch.

The nut on friction clutch C, by which the compression of
the spring is increased or diminished, should be locked in a
position which will enable the motor to operate the switch
under normal conditions, but will permit the clutch to slip if
there is an obstruction in the switch points. This is deter-
mined by starting with the nut unscrewed and gradually
tightening it up until the motor operates the switch without
any slipping of the clutches.

Before any adjustments are made on the friction clutch,
separate the cones from the pinion and oil the clutch cones.

TESTING

The preferred method of testing the operation of the switch
mechanism is to operate it by hand, making sure that the motor
brushes are raised before attempting to move the machine.
. This method should be employed as a regular practice.

If it should become necessary to operate the switch by
power, the tests on the switch machine should be carried on
under the protection of the operating lever, whenever the
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conditions are such that the leverman can readily receive and
act on signals given him by the man on the ground.

On the rare occasions when it is not practical to conduct
the test under the control of its lever, power may be applied
locally by taking both control wires off from their respective
bindin% posts (for contact springs U, and U;, Fig. 147) in the
pole changer, and having first connected spring U, with a
short piece of wire to the open control contact spring (spring
U,, Fig. 147), current may be sent through the motor by plac-
ing the energized control wire in connection with the other
control contact spring (spring U;, Fig. 147); with these con-
nections the mechanism will be brought to rest upon the com-
pletion of its movement without shock. Reverse these con-
nections to secure operation in the opposite direction.

After the machine is completely adjusted, safety requires
that it should be operated from the interlocking station sev-
eral times, making sure that with the lever in its normal posi-

COUNTESING %" DA,
1 \E:E:?"‘*— 7jg ORILL- 3§ DEEP
I:L__ _Eff;f},/v.g - 14 TAP
~ “f—¥e oriLL

Fic. 148. DritLiNG FOR PiNs Q, AND Q, 1IN Lock Rop K

tion the switch points will correspond with their position as
shown on the track plan.
MAINTENANCE

1. Mechanism.

When inspecting the switch machine always note the posi-
tion of the lock plunger relative to the face of lock frame. If
it is not flush with the outside face of the lock frame, make
sure that stud F is in the corner of cam crank E. With the
switch adjusted correctly and the stud F at the end of its
travel, there are two conditions which would be responsible
for the plunger not reaching its proper position.

First — The rails may have shifted and altered the throw
of the switch points, which will put an unusual strain on the
switch machine and prevent the full movement of the lock
Elur(liger. This will be determined by operating the switch by

and.

Second — The detector bar may have been thrown out of
adjustment by the shifting of the rails, this preventing the
generation of the indication current. Necessity for readjust-
ment is determined by disconnecting the bar, placing it
in proper position and the switch machine in either extreme
position; 1if it is not possible to replace the pin O without
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moving either the machine or detector bar, the connections
should be readjusted.

On each inspection examine the friction clutch to see that it
slips properly on overload.

2. Motor.

The motor commutator or brushes should not be disturbed
unless found necessary. If the commutator becomes dirty, it
should be cleaned with chamois skin moistened with oil, any
surplus oil being wiped off the commutator by a dry piece of
chamois.

If it becomes necessary to put a new brush into a motor,
the brush after being put in position should be seated to the
commutator by drawing thin, fine sandpaper under the brush,
at the same time pressing the brush against the commutator;
the smooth side of the sandpaper should be against the com-
mutator. Use for this purpose “00 Single Finishing Flint
Sandpaper.”’

3. Small Parts.

All cotter pins, lock washers, binding posts, small nuts and
screws, should be inspected at stated intervals to see that they
are not working loose.

4.. Contact Surfaces.

'5I‘he ggile changer contacts should be kept clean and bright.

= o0al

Moving parts not exposed to the weather should be well
oiled once a month. All parts, the bearing surfaces of which
can be reached by rain, should be oiled immediately after each
storm. The friction clutches should be oiled on each inspec-
tion trip.




INSTRUCTIONS COVERING THE INSTALLA-
TION AND MAINTENANCE OF THE
MODEL 4 SWITCH MACHINE
STORING MECHANISMS '

ALL mechanisms and motors should be placed right side up
on timbers to raise them above the ground.

INSTALLATION

In making the installation, the first operation is the framing
of the ties. This should be in accordance with the plan
shown by Fig. 149.

Unless special features are required, all holes in the tie plate
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are drilled before leaving the factory, with the exception of
those for the toe and slide plates. These should be so located
that when the slide plates, toe plates, and rail braces are in
place, the proper track gauge wilf)be rigidly maintained.

The switch machine should then be bolted down to the tie
plate and the throw and lock rods connected.

ADJUSTMENTS

As the switch machine is completely assembled in the factory
and all parts adjusted to meet the conditions under which the
mechanism is to operate, there is very little in the way of
adjustments necessary to be made.

After the machine is wired up, before making any adjust-
ments which may be required, the brushes should be raised
from the motor armature.

1. Throw Rod.

The nuts on the throw rod must be placed so that the switch
points will be brought up against the stock rail snugly, but
not screwed up far enough to put any unnecessary strain on

[Re28] B4R

Fiac. 151 Fic. 152
Fields in Series. Fields in Multiple.
WiIrING FOR MoTors, MopeEL 4 SwitrcH MACHINE

therod. Under normal conditions, with the throw rod adjusted
as above, a single switch or derail should permit of hand
operation, by using the crank provided for the purpose. If it
is not possible to do this, steps should be taken to get the
switch into this condition.

2. Lock Rod.

The adjustment of the lock rod should be such that the
locking dog H, or H, will enter its proper notch in the lock
rod I with the switch full normal or full reverse, as the case
may be, but will be prevented from entering if a piece of metal
one-eighth of an inch thick is placed between the switch
point and the stock rail.

3. Detector Bar.

To adjust the detector bar, place it in the desired position
relative to the top of the rail and adjust the connections to
such a length that with the switch machine in its extreme
position, pin P may be inserted without changing the position
of either the detector bar or switch machine. Check this
adjustment with the bar and switch machine in the opposite

position and readjust if necessary.
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4. Clutch.

The nut on friction clutch C, by means of which the com-
Fression of the spring is increased or diminished should be
ocked in a position which will enable the motor to operate
the switch under normal conditions, but will permit the
clutch to slip if there is an obstruction in the switch points.
This is determined by starting with the nut unscrewed and
gradually tightening it up, until the motor operates the switch
without any slipping of the clutches.

Taaaws s n 0 ailiemes e O L

e e e 4-—— — MaIN Common,
Fic. 153. PorLe CHANGER WIRING, MOoDEL 4 SwiTcH MACHINE

TESTING

The preferred method of testing the operation of the switch
mechanism is to operate it by hand by means of the crank
provided for this purpose, first making sure that the motor
brushes are raised before attempting to move the machine.
This method should be employe(}) as a regular practice.

If it should become necessary to operate the switch by
power, the tests on the switch machine should be carried on
under the protection of the operating lever, whenever the con- .
ditions are such that the leverman can receive and act on
signals given him by the man on the ground.

On the rare occasions when it is not practical to conduct
the test under the control of its lever, power may be applied
locally by taking both control wires off from their respective
binding posts (for contact springs Q, and Q,, Fig. 153) in the
pole changer, and having first connected common post R
with a short piece of wire to the open control contact spring
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(spring Q,, Fig. 153), current may be sent through the motor
by placing the energized control wire in connection with the
other control contact spring (spring Q,, Fig. 153); with these
connections the mechanism will be brought to rest without
shock upon the completion of its movement. Reverse these
connections to secure operation in the opposite direction.

After the machine is completely adjusted, safety requires
that it should be operated from the interlocking station several
times, making sure that with the lever in its normal position,
the switch points will correspond with their position as shown
on the track plan. ]

MAINTENANCE

1. Mechanism.

Shifting of the rails may prevent correct operation of the
switch machine in the following manner:

First — By altering the throw of the switch points, an
unusual strain will be put on the switch machine which will
prevent the mechanism from locking up. This will be deter-
mined by operating the switch by hand.

Second — The detector bar may have been thrown out of
adjustment, this preventing the generation of the indication
current. Necessity of readjustment is determined by dis-
connecting the bar, placing it in proper position and the
switch machine in its corresponding extreme position; if it is
not gossible to replace the pin P without moving either the
maéc it}& or detector bar, the connections should be readjusted.

5 otor.

The motor commutator or brushes should not be disturbed
unless found necessary. If the commutator becomes dirty,
it should be cleaned with chamois skin moistened with oil,
any surplus oil being wiped off the commutator by a dry piece
of chamois.

If it becomes necessary to put a new brush into a motor,
the brush after being put in position should be seated to the
commutator by drawing thin, fine sandpaper under the brush,
at the same time pressing the brush against the commutator;
the smooth side of the sandpaper should be against the com-
mutator. Use for this purpose “00 Single Finishing Flint

”

All cotter pins, lock washers, binding posts, small nuts and
screws, should be inspected at stated intervals to see that they
are not working loose.

4. Contact Surfaces.

The switch circuit controller and pole changer contacts
shguldob_(la kept clean and bright.

s ail,

Moving parts not exposed to the weather should be well
oiled once a month. All parts, the bearing surfaces of which
can be reached by rain, should be oiled immediately after each
storm.
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Vs 8 S E T 0ol R RER s e
Revolutions of Motor Armatyre
F—=—=—""""7"0Gong Reverse
Fic. 154. CycLe oF MoOVEMENTS OF MoDEL 2 SwiTcH MACHINE
b his { G Ty

1% e TR
o Chander Coil circuit closed and enerai:

Norrnal Pole Changer Coil circuit

L

I
ed (See note't )

Tyl
dlosed but not energised (See Mofe Z) |/
I

¢4
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Nore 1.— ‘““Reverse Pole
Changer Coils’’ are the ones
which, when energized, cause
the switch machine to re-
verse, normal indication not
having been received.

Norte 2.— ‘‘Normal Pole
Changer Coils” are the ones
which, when energized, cause
the switch machine to go
normal, reverse indication
not having been received.

Norg 3.— *Tripper Dog”
is the device which is oper-
ated by cam on main gear
and mechanically operates
the pole changer.

Nore 4.— Cycle of move-
ments “ Going Normal” is in
the same order as ‘‘Going
Reverse.”

™ Revolutions of Motor Armature
Goind Reverse

F16. 155. CycLe oF MovEMENTS oF MopEL 4 SwiTcH MACHINE

e 4
o Aoo,eq' L% o X %6' o%. "‘c%‘&\yq& N "&'
%-qh '}e%‘/ :‘o %Zé( PP&J Jé?:.‘r Y (9) é’ 3 % q’ﬁ;‘&%
g % 4
5 b W, R BRSO
L R St
%, \
%
} 1 23% 5 6 71" 9 1011 121314 151617 18 1920 21 222324 25 26 27 28 29 30 31 32 33 34 35 36 37 38
i i H i ' 1 A |
fELL - | TTEITTT
! 1| Tripoer free to be moved by Pole’ Chanper Coils (See Mote3) 1 \
1 3 | 1]
= L Raising Defector Bar | ;. Lovverin I;e?zdor_&l;‘r :
: ) } } ! Throrind Switch ! 1
1
1] Reverse_ Pole Changer Coil circuit c‘!_o_ssd_landlmzr ised ( See Nate 1) :
: | ! |: Normal Pole &ar&%_r Coil circuit clos'cd but ml‘t enerdised (See Note l)_
T T‘I"l‘ —rm— 1
: 3 : Lotk Plun crl Lilthdram:\i tL_Lock Dlunger erterin :
| Locked H A iﬂa_c'iﬂ e il | Locked
+ T T T ot
|_|Switch Box :Iasid & 0n¢'nir|1 2 4 Open £ & Cltisslt'tl Closed | |
i 1 ‘ ! .I- ! : 3 :ndka‘tum
1 i : ! !
, ! : : : W T
2345671 IMAlD_"»(l 13 14 15 16 17 18 13 20 21 22 23 24 25 26 27 18 29 30 3f 37 33 34 35 36 37 38
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OPERATING DATA FOR SWITCH MACHINES

Operating
Time
Operating Mg‘:‘;gm
Function Operated Current | "y ength
Control
‘Wires
Amp. Seconds
Switch Machine, Model 2, Switch or Derail, . . 6.0 2
Switch Machine, Model 2, Double Shp or M. P

HXOR, % % . b 10.0 2.2
Switch Ma.chme Model 4A watch or Derml 5 4.5 3
Switch Machine, Model 4A, Double Slxp or M. P.

Frog, o o5 x 7.0 3.2
Switch Machine, Model 4B watch or Derall 4.5 3
Switch Machine, Model 4B, Double Slip or M. P.

Frog, . 4 7.0 3.2

Fia. 156. Disacram SHOWING COMPARATIVE CLEARANCES OF MODEL 2
AND MopeL 4 SwircH MACHINE
Normal location.

‘ DIMENSION A MODEL 2 SWITCH MACHINE
Rail Section (Eea Note.)
A.R.A.—Type A. | A.R. A.—Type B. A.8.C. E.

Lbs. per Yd. Inches Inches Inches

60 221 21 211,

70 23% 2276 2234

80 2434 24 2414

90 26%4 25%e 25%

100 2814 261344 27

Nore.— Dimension A is the distance from gauge side of rall to point on
cover of Model 2 switch machine equal to height of rail us:
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Fi1a, 157. Diacram SHOWING CLEARANCE BETWEEN Top oF MoDEL 4
SwiTcHE MAcCHINE AND CONTACTING SURFACE OF THIRD RAIL.
Erecrric Division, N. Y. C. & H. R. R. R.

oL T
SETL

SR RASRA L CE e S e T

F1e. 158. DiacraM SHOWING CLEARANCE BETWEEN Torp oF MobEeL 4
SwirceE MACHINE AND CONTACTING SURFACE OF THIRD RAIL,
Lona Isnanp R. R.
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Fia. 159. Dimensions oF MopeL 2 SwitcE MACHINE
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Fia. 160. DimensioNs oF MopeL 4 SwircH MACHINE FOR MOVABLE
Point Fro@ or DouBLE SLIP SWITCH

e
DETECTOR BAR CONNECTION-
1" 6"
e M 168
+ 7 L—Lock roD
e
]
|

1§ 23

Fia. 161 DiMeNsIONS OF MopEL 4 SwiTcH MACHINE FOR SINGLE
SwiTceE OrR DERAIL

-
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e L

T
Lol

(Section A-B)
F1g. 162. SingrLe SwitcH OPERATED BY MoprL 4 SwiTcH MACHINE

. 1zu_.’*__ 41_7+5..

I

(Section A-B)
Fia. 165. SineLeE SwircH OpPERATED BY MODEL 2 SwiTcH MACHINE
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(Section A-B)

Fic. 164.
Switce MACHINE

SeriT PoinT DERAIL OPERATED BY MODEL 4

65 6 0)

e

oV o T

(Section A-B)

Fia. 165. Sprir Point Derain OPERATED BY MODEL 2 SwiTcH

MACHINE
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(Section A~B)
Fi1a. 166. HAves DeraiL OPERATED BY MODEL 4 SwitcH MACHINE
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(Section A-B)
Fia. 167. Haves DeraiL OpErATED BY MODEL 2 SwitcHE MACHINE
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(Section A-B)

Fic. 168. WaARTON OrR MoOrDEN DErAIL OPERATED BY MODEL 4
SwirceE MACHINE

(Section A-B)

Fia. 169. WHARTON OR MorRDEN DErAIL OPERATED BY MODEL 2
SwircE MACHINE
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(Section A-B)

Fi1e. 170. SiNeLeE Suip SwitcH OPERATED BY MODEL 4 SwiTCH
MACHINE

12 fe— 4"~ 74~

il

« 65 o]

5o | -.:‘ | .]
s e

(Section A-B)

Fic. 171. SingLE Suip Swirce OPERATED BY MODEL 2 SWITCH
MACHINE
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(Section A-B)

Fie. 172. DouBLe Suip SwircHE OPERATED BY MODEL 4 SwITCH
MACHINE

12— a-74"

°

h
T
B

(Section A-B)

Fi1c. 173. DousLe Suip Switca OPERATED BY MODEL 2 SWITCH
MAcCHINE
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i

(Section A-B)

Fic. 174. MovasBrLe Point Froc OPERATED BY MopEeL 4

SwitceE MACHINE

Fia. 175.

(Section A-B)

Movasre Point Froc OperATED BY MODEL 2 SwITCcH
MACHINE
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(Section A-B)

Fic. 176. MovasLe Point Froe (witH DousLe Suip SwiTcH)
OPERATED BY MopEL 4 SwiTtcH MACHINE

e
e o gl
il
[
L

S Jo50

®
3

gR
Al
G

= 5 peEEe ol e L fY] o

A = : , /
=] _—% i o = L
o = : = | (L

e 5-10" ’ i e Prasll

1

d

i
[

]

(Section A-B)

Fig. 177. MovasLe Point Froc (wirE DousLE Srip SwITCH)
OPERATED BY MopEL 2 SwircH MACHINE



9 Common

Indication
Controller Selector
e N ST '
Elj EJ L Reversible Pole Changer Snitch Motor
/L A\
7 N v BN
m 3 ﬁ — "g_,.
Fagd o
Ind. ‘ - 3 e |
Magne ¥ =
Safe‘l‘y;%é \;o\arr_f,ed 5 \_ @
elay 21
Magnet E
-~ Ind Bus £ "\ /
=13 foWBus < J L [1]
[ : _? . 9 5!9 Bus
+7 8 HNo— INormal Contl & Reverse Ind.
= ¢—— Reverse Cont & Normal Indication _
= x

Fic. 178. TyricaL Circuits FOrR MopEL 2 SwiTcHE MACHINE
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Indication

Controller Selector
s N,

T

Reversible Pole Changer

/ \ —  Switch Motor
1 N
M" — . S
3 Field
Ind = » Armature
Magnet Polarized - ol Field
A
Sefei'y-f Relay -
M [}
i i = Ind. Bus 1
C _S 1 |SwW. Bus
[ r{ 5|9 Bus
+._':. R dL Normal Contgo!l 5 Reverse Ind.
= Q¢ Reverse cgntrol & Norms! Indication
- common

F1e. 179.

Tyrican Crrcurrs ¥or MopeL 4 SwitcHE MACHINE

JOOdANVH ODNIMDOTYHLNI DIYLOHATH
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. Indication indication
Controller Selector Controlier Selector

ThTi biha) |
i F"H‘qp%l

Indication — Polarized
Sateh) “lg:n -FI_%-‘ Magnet _-%:n Q]_Reldy

=

Magnet
i »Ind.Bus
3 } ) Sw. Bus
C ; 3 3i9. Bus!
N N
R RO

Fic. 180. WiriNG Discram For Cross CONNECTING THE INDICATION CIRCUITS
or DousLe SwiTcH LEVERS

835
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Fic. 181.

E. Z. Morion PraTe Rain Curip, Hook Borr Type

l§'Bon:r

T

Fia. 182. E. Z. MorioN Prate Rain Crip, WEB Bort TyPE

B - ¢ - r___c.__.__.l
© © O | e ‘@ Q
. gl b e i

[
£ "l 1%

\

\-\‘—————:
Het e
D

]
Fic. 183. Lona Motion F1e. 184. SeOrRT MoOTION
Prate “A” Prate “B”

DIMENSIONS OF MOTION PLATES “A” AND “B”

DIMENSIONS IN INCHES
C D E F G
Type of Distance Mo-
Motion Overall Stroke of | tion Plate | Total Rise Rise
Plate Length of Motion Moves After | of Motion Above
Motion Plate Total Rise Plate Rail
Plate Above Rail
*A 9% 6 2 1 %
tA 12 7% 3% 1 %
tA 1212 8% 2% 1%e 1346
*B 9% 415 v 152 299
iB 10% 6 1% 11
* Two rivet holes. Tt Three rivet holes.



7%“- 4 Circuits

fre-- 13%“ ~’i l 1 g"‘ 8 Circuits

[ 1
,,,,,,,},,,,,,%///ﬂg ! "_J_r

' "
For 2 Lag Screw 1

e

R
®

+

L For 2"Pin
4 8 ?" 5 H’S " - .1-
— 32— % 5 2"—4C|rcu i 53;4G|rcun S

154 - 7 B"-acircuits 73 - 8Circaifs
F1c. 185. Dimensions oF Mopen 3 Form D Switce Circurr CONTROLLERS

Four way, controlling two circuits normal and two reverse.
Eight way, controlling four circuits normal and four reverse.

082
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For %"Lag Screw

_'_“
L]

7 Cover over contacts

For g:‘Pin
16"

5 1
F1ae. 186. DiMensioNs oF MopeL 5 Form A Switca Circulr
CONTROLLER FOR SELECTING SiGNAL CIRcUITS

Four circuits normal or reverse, or two circuits normal
and two reverse.

Fra. 187. SECTION OF ADJUSTA-
BLE CAM FOrR MopEL 5 Form A
Sl‘,gsg'rcﬁ CrrcuiT CoNTROLLER (FIG.
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e

222

.,,/

Fia. 190

Fia. 193

Fic. 194

|
\
B )

ConnEcTIONS FROM SwiTcH PoIint TOo SwitcaH Circuir CONTROLLER
.

.



ELECTRIC INTERLOCKING HANDBOOK 233

183 Max 1) } F-
Bridge End Shore End
F1a. 195. Bripge Circuir CLOSER
Ten way, controlling ten circuits.

DIMENSIONS OF BRIDGE CIRCUIT CLOSERS
A B (o] D|E F G H J K| L | M

In. In. In. i Ing| In. | In: In. In. |In.|In.|In.|In.

6way |18% | 6§ | 143 | 2 | 4% |11} | 14 | 19 R g BN
10 way | 26 T 22% | 8 | 47%| 127 | 22 24% (13| ¢ | 8% |43
12 way | 18F% |11 | 143 | 2 | 4% | 104§ | 143 | 19  FEE e 22

Nore.—Twelve way circuit closer is furnished with two tiers of six con-
tacts each.

OPERATION OF BRIDGE CIRCUIT CLOSER

The G. R. S. bridge circuit closer with centering device is
shown in Fig. 195. In the operation of closing, the bridge
end is first caused to approach the shore end with its centering
arms thrust forward. When these come into contact with the
shore end, the latter is brought into proper alignment, the
bridge end continuing its forward movement until they abut;
the blades are then forced to enter the jaws, thus making the
desired contact.

The centering device will take care of any horizontal mis-
alignment up to one and one-half inches. When this is
apt to be exceeded, the circuit closer should be attached to
the rails in such a manner that when the rails are lined up
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the circuit closer will be affected in a similar manner. The
design of the jaws permits of three-fourths inch movement
above or below the normal position.

The maximum stroke of the driving member is approxi-
mately thirteen inches. Using this stroke, the maximum
extension of the blades (three and one-half inches) can be
secured with a permissible opening of five and three-eighths
inches between the bridge and shore ends of the circuit closer;
this forces the blades between the jaws two and three-eighths
inches. If required, this distance between the bridge and
shore ends may be increased to seven and three-sixteenths
inches, which will give a contact extension of one and thir-
teen-sixteenths inches and force the blades between the jaws
for a distance of three-fourths inch.

If it is desired to reduce the operating stroke and still retain
the maximum contact extension, the maximum opening be-
tween the bridge and shore ends must be decreased a propor-
tional amount.




SECTION IX

INSTALLATION AND OPERATING DATA FOR
SIGNAL MECHANISMS

COVERING INSTRUCTIONS FOR IN-
STALLATION AND MAINTENANCE, EN-
ERGY FIGURES, CLEARANCES RE-
QUIRED, DIMENSIONS AND TYPICAL
CIRCUITS; ALSO DIMENSIONS OF
MASTS, SPECTACLES, BLADES AND
FOUNDATIONS



INSTRUCTIONS COVERING THE INSTALLA-
TION AND MAINTENANCE OF
MODEL 2A SIGNALS

STORING MECHANISMS

LL mechanisms should be stored in an upright position
and, if possible, in a dry place, and should not be re-
moved from their boxes until they are installed. Avoid

disconnecting or removing the motors from the mechanism
cases.
3 INSTALLATION

In assemblying mechanisms which are shipped separately
from the pole bearings or in reassemblying mechanisms which
have been disassembled for any purpose, the surface of all
exposed mechanical joints must be cleaned and smoothly
coated with white lead before assembly, to insure that they
are water-tight.

Whenever it becomes necessary to bolt a mechanism to its
pole bearing, see that the semaphore shaft and mechanism
are approximately in their ‘‘stop” positions. Then rotate
the semaphore shaft backwards and forwards slightly by hand
while tightening the bolts, to be sure that no binding takes
place during the process.

‘When working on a mechanism, the motor door should alwaﬁs
be kept closed except when necessary to do work inside of the
motor.

After a mechanism has been wired, the wire entrance should
be sealed to prevent the circulation of air between the inside
and outside of the case. Neglect to thoroughly seal may
result in trouble due to the probable accumulation of frost
or dirt on the circuit breaker parts. If conduit is used be-
tween the mechanism case and the pole, the wire entrance
or conduit should be likewise sealed.

ADJUSTMENTS

All signals are proFerly adjusted before shipment, the only
adjustments ordinarily required in the field being those due to
differences in the semaphore spectacles as follows: if the
blade is not horizontal when in its stop position, it can be
brought to such position by means of adjusting screw A (see
Fig. 197). Spring C, adjusted by screw D, should hold block
B firmly against screw A, due allowance being made in the
spring adjustment for any increase in weight of the signal
arm, due to an accumulation of ice or sleet. Fig. 197 shows
relation of adjusting screws, spring, block, etc., when used
with upper quadrant signals; this will be reversed when ap-
plied to lower quadrant signals.

Having adjusted the blade to the horizontal position, the
circuit breaker frame should, if necessary, be rotated bodily
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Fi1e. 196. Oming DiacraM FOR MoDEL 2A SEMI-AUTOMATIC SIGNAL MEecHANISM AND CLamMp BErARING
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a sufficient amount to cause the blade to assume its exact
forty-five or ninety degree position in operation.

Individual adjustment of the circuit breaker contact springs
should not be necessary under ordinary conditions. If required,
great care should be exercised to see that all contacts are
adjusted to open and close as shown on the circuit plan which
accompanies each signal mechanism.

In replacing a circuit breaker which may have been removed
from the mechanism for any cause, great care should be taken
to see that the circuit breaker operating segments mesh prop-
erly. Otherwise, it will be impossible for the blade to assume

\\\\\\\@
N

Fic. 197. SecrioNn oF CLaMp BEARING SHOWING SEMAPHORE
SPECTACLE ADJUSTMENT

its proper positions in operation except by extreme adjustment
of the contacts and circuit breaker.

LUBRICATION

See that all moving parts are thoroughly lubricated with
oil that will not thicken in cold weather or dry up in hot
weather. “Hydrol,” “Polar Ice,” or “8 in One’’ oils have
been found satisfactory. Use an oil can with a nine inch
curved spout.

After lubrication, the signals should be operated several
times, in order to work the oil thoroughly into the bearings.
The word “oil”’ on the diagram, Fig. 196, will indicate what
parts require lubrication. If the mechanism has become
rusty, especial care should be taken to see that all parts
are operating freely before attempting to put the signal in
service.
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TESTS

If the signal has been properly adjusted and lubricated it
will operate freely. If in doubt as to whether a signal is
sufficiently free in operation, a drop-away test should be
made as follows. Connect an adjustable resistance in series
with the motor. Gradually reduce it until the motor will just
move the blade upwards. Just before reaching the forty-five
degree position, quickly insert sufficient resistance to just

APPLY VASELINE TO LOCK DOG
ONCE A YEAR

}-spmnc ARM .
L oL cups ————

¥

F-—_—’_—_/F'—ID

Fi1e. 198. OiriNne DiacraM FOrR MopenL 2A DwARF BEARING

permit the motor to start backwards, moved by the weight of

the blade grip. The current which will permit it to start.

backwards from a given position should be approximately
50 per cent. of the current required to move it up to
that position. The same process should be repeated in the
ninety degree position or sixty degree, as the case may be.

The signal having been oiled and operated a few times, see
that the blade snubs properly in descending and also that the
ratcheted main gear (F, Figs. 52 and 56) clicks approximately
three or four times in so doing. The number of clicks can be
regulated by the adjusting screw on the ratcheted main gear.
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MAINTENANCE

Ordinarily in maintaining a signal, the only requirements
are that the connections be kept tight, contacts clean, and the
mechanism suitably oiled and cleaned.

Avoid disturbing the commutator or brushes in any way
unless found necessary. A commutator in good condition will
have a dark glossy appearance. If, however, it should be-
come dirty, it should be cleaned by chamois skin moistened
with oil, any surplus oil to be wiped off of the commutator by
a dry piece of chamois.

Use a chamois skin in cleaning the circuit breaker contacts.

If it should become necessary to put a new brush into a
motor, the brush should, after having been put in position, be
seated to the commutator by drawing thin fine sandpaper
under the brush while the brush is being pressed against the
commutator. The smooth side of the sandpaper should be
against the commutator. Use ‘“00 Single Finishing Flint
Sandpaper.”’

OPERATING DATA FOR SIGNALS

Operating
Time
5 Using
Operating | Holding Maximum
Function Operated Current Current Length
Control
Wire
Amp. Amp. Seconds
High Signal, Model 2, . . . . . . . . . 3.0 .14 4
High Signal, Model 3or7, . . . . . . . 3.0 A1 3
High Signal, Model 2A, . . . . . . . . .82 .25 6
Dwarf Signal, Model 2A, . . . . . . . . .82 .25 4
Dwarf Signal, Model 2 0r3,. . . . . . . 4.0 1 1




Fic. 199.
Wires carried from mast to signal mechanism in flexible conduit (see Fig. 203).

from casting.

DimENSIONS OF MODEL 2A SEMI-AUTOMATIC SIGNAL

38 ~ For 4 Pipe
4-4&:‘ w 5" a?
« 5" 6" . h
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45 Tap 3°16 Locate o
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T

Note, One(1")inch maximum variation allowed
either nay on total height of mast.

20'- 8"
190" (5" Pipe)
15

Top of 5"Pipe
kY

l =, & shaft -
= ool | ‘
& el - 3
L N ki .
~ b= ('0 0

i " “ M

) )

3

. F 7
Bottom of 5" Pipe \Tcp of Bracket Post, or top chord of Bridge
Note; Distance betreen center of pole and wertical center of shaft to be
not less than 3% nor more than 45‘
Fia. 200. BrackerT PosT AND BRIDGE SiGNAL MasTs
R. 8. A. drawing 1037, dated 1910.

“o
Note; Tno(2)inches maximum variation allowed b o L o ’.L
either nay on total height of mast. B
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Base of Rail (]

Note; Distance betmeen center of pole and verticel center of shaft to be
not less than 32“ nor more than Ag'
Fia. 201. Grounp SieNAL Masts
R. 8. A. drawing 1035, dated 1910.

Zachary _
Gillihan
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NO3E.
GAUGE OF TRACKS IS 4-3" 3 1
WHEN GAUGE OF TRACKS 1S 4:8% ¢ seTween TRacks | ¢ oF stenaL
THE CLEARANCE BETWEEN SIGNAL
AND MAXIMUM EQUIPMENT LINE WiLL
BE } GREATER.

i 2:4f

1MaximuM_EQuUIPMENT

MiniMuM CLEARANCE

=

374"

F1a. 202. DiacrAM SHOWING CLEARANCE BETWEEN MoDEL 2A DWARF
SiaNAL AND TrHIRD RAmL. Eurecrric Drvision,
N.Y.C. & H.R. R. R.

Twelve foot track centers.

1510, Coupling.

Paint nith electric lacquer
or P2 B. paint.

]

Fiec. 203. MerHOD OF TAPING WIRES RUNNING FROM MAST
TO SIGNAL MEcHANISM (see Fig. 199)
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. 1"*
Approx. 2- 33

Fi1e. 204. Dimensions or MopeL 2A THrEE Posrrion, Non-AuToMATIC
DwARF SigNAL, EQuipPED wiTH ELEcTRIC LAMP

L / I
Approx. 2 74" 1 g M&"’/ N

N 3

-

F1a. 205. DiMENsIONS oF MopEL 2A Two’Posm‘mN. NonN-AuTomaTIC
Dwarr Sianar, Equippep wiTH O Lamp
Spectacle R. 8. A. drawing 1233, October, 1912,
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Fig. 206. Dimensions oF Two Arm MopeL 2 SoLENorD DWARF SIGNAL
Spectacle R. S. A. drawing 1233, October, 1912.
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Fic. 207. Dimensions oF ONeE ArRM MoODEL 2 SOLENOID
DWARF SIGNAL

Spectacle R. S. A. drawing 1233, October, 1912.
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F1e. 208. Dimensions oF MoperL 3 SorLENOID DwARF SIGNAL
Spectacle R. S. A. drawing 1233, October, 1912.
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GENERAL RAILWAY SIGNAL COMPANY
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Fig. 209. SEMAPHORE SPECTACLE
R. S. A. Design “A,” drawing 1040, October, 1912.
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Fia. 210. SEMAPHORE SPECTACLE

R. S. A. Design *B,” drawing 1041, October, 1912.
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BrADES FOR UPPER QUADRANT SIGNALS
R. S. A. drawing 1065, dated 1911.

‘Where stripes ar