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when desired, the brake valve, that controls the caution indica-
tion in the cab.

The figures show how the combination line relay and the pol-
arity-reversing switch are all assembled in one relay instru-
ment. In the same manner the combination engine relay has
the stop indication, caution indication, and polarized relays all
assembled in one instrument.
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Fig. 15. Inatruments, Plping and Primary Clrcuits In the Cab.

It can be seen that the whole system is operated on a nor-
mally closed circuit plan, and that the opening or breaking aown
of these circuits gives the desired signal indication and brake
application. The system is designed to cover all conditions of
installations that are likely to be met with, and is absolute but at
the same time elastic, so that it can be applied to different con-
ditions of block signal systems, traffic conditions, and local con-
ditions without any other form of block signal system. as de-
sired. It can be made to make only the emergency application of
the brake; or a service application to reduce the speed to any
required limit; or a light service application at a distant signal
location, with an emergency, or speed limit, application at the
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Fig. 16. Complete Cab Wiring Diagram.

home signal. An installation can be made on a railway with any
form of automatic block signal system, or simply at interlocking
plants, and if desired, on a road with no other block system at
all. If it is not desired to embody this in the block signal sys-
tem, or to install it in its entirety alone, it can be installed on
high-speed trains to be operative only at dangerous points.

The system is also applicable to high speed interurban and
traction lines. In an installation of this type the track control
is accomplished by using A. C. track current where D. C. operat-
ing current is used. A small motor-generator takes the place
of the primary battery on the engine, and a simple electric cut-
out the throttle closing mechanism.

IN pESIGNING FOoUNDATIONS the weight of poles or towers and
the weight of the foundation itself can be easily taken care of
since they act in a vertical direction. The weight of the wire
and of an ice coating have also a horizontal component which
must be considered in designing the footings to prevent over-
turning. The snow or ice load becomes more important as the
diameter of the wire decreases. Assuming a coat of ice J4-inch
thick, the weight per foot on a No. 3-0 wire, is only 1.5 times as
great as that on a No. 10 wire, although the diameter is four
times as great.
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THE AUTOMATIC SIGNAL AND THE
LOCAL CIRCUIT.

BY C. G. STECHER.

This is the second of Mr. Stecher’'s Lessons on Signaling
which deal with types of signal indications and local circuits,
The first article of this series was published on page 48 of The
Signal Engineer for February, 1912.

THE ENCLOSED DISC SIGNAL.

One of the earliest automatic block signals and one which was
quite extensively used in the past, is the enclosed disc signal, the
mechanism, or properly speaking, the instrument of which is
shown in Fig. 4, M and H M are the electro-magnet coils; P and
P! are the pole-pieces; A is the circular armature. C is a red
cloth disc, the cloth being drawn over a ring made of spring
brass wire. R is a disc of red glass enclosed in a light-weight
metal frame. This glass is especially prepared for this purpose
in order to make it light of weight and at the same time tough
and durable. On railroads on which green is the standard color
for the clear night indication, another disc of green glass G is
added and also a balance rod B to balance this green disc. K is
the clamp, by means of which the instrument is fastened into
position,

The instrument is so adjusted that it will move from the clear
to the danger position by the force of gravity and without the
aid of springs, when the circuit is broken and the current ceases
flowing through the magnet coils.

The circular armature is so constructed that when the instru-
ment is in the stop position, only small surfaces of metal are pre-
sented to the pole-pieces P and P'. When the pole-pieces are
magnetized they attract the larger surfaces of the armature which
are then below the pole-pieces, and the armature is rotated and

Flg. 1. Standard Dlsc¢ Signal and C. & N. W. Disc Signal.

with it the several discs, bringing them into their proper posi-
tions for the clear indication.

The instrument is enclosed in a wooden case, which must be
dust and moisture-proof. Circular openings, into which glasses
are set, are provided. Through these the indications are ob-
served. The day stop indication is given by the red cloth disc
and when the signal is in the clear position this disc is with-
drawn and a white background is presented. The background is
formed by a circular pane of glass which has been painted
white. This is for the purpose of producing a light interior in
order to increase the contrast between the danger and the clear
positions of the signal, which would not be obtained if the back-
ground were of wood. B

For the night indications the signal lamp is supported on an
iron bracket on the back of the signal case, and the white light
of the lamp is projected through the small openings of the case
and the red glass disc when the signal is in the stop position,
and through the green glass disc when the signal is in the clear
position, where green is standard for the clear indication.

The properties of the electro-magnet were described and ex-
plained on pages 151 and 152 in the April, 1911, issue of The
Signal Engineer, and it is not considered necessary to go into
the details in this article.
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through its center, the ends of the shaft serving for bearings on
which to revolve the coil. The two ends of the coil are con-
nected to two insulated copper rings, which are revolved with the
coil and from these rings the current is led, or collected and
carried, to the external circnit by means of sliding contacts
called brushes. The rings are usually called collector-rings.

As has been shown above, the current rises from zero to the
maximum and then decreases to zero, increases again to max-
imum and drops again to zero during every revolution of the
coil, or “armature” as it is called. This is termed a complete
cycle or two alternations, and the current is called alternating
current. The first half of the cycle is considered to be positive
or above the zero line, and the second half negative or below
the zero line. Fig. 10 shows an alternating current wave of a
complete cycle, as it is usually represented on paper. It can
readily be seen that there is no apparent positive or negative to
this form of current, but that it reverses its dircction at every
half revolution of the armature.

The simplest form of an alternating current machine is the
magneto of a telephone or a test set. This is built on the prin-
ciples just explained.

The alternating form of current cannot be employed for many
purposes, consequently steps must be taken to obtain unidirec-
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Flg. 13. Shunt Wound Fig. 14, Series Wound
Dynamo, Dynamo.

tional current, that is, current which will at all times flow -

through the circuit in the same direction. This is accomplished
by cutting one of the copper rings into two parts, insulating
these parts from each other, and then connecting the two ends
of the coil to the two pieces as shown in Fig. 11. The two
brushes which lead the generated current to the external cir-
cuit, press against the split ring at diametrically opposite points,
and the brushes are so set that each half of the ring moves out
of contact with one brush and into contact with the other at the
time when the coil is in such position that it is cutting the least
number of lines of force, that is, when the E. M. F. is at zero.
The result of this is a rectified, uni-directional, or, as it is usually
called, a commutated current.

To explain this more fully, it has already been shown that
when the coil is being revolved and is in the position as shown
in Fig. 8, the current is at zero, and then increases to maximum
and then falls to zero during each one-half revolution of the
coil. It is assumed that the direction of thc lines of magnetic
force between the pole-pieces and the direction of movement of
the coil is such that while the coil is. moving through the first
half of the revolution the current generated in the coil will flow
to that segment of the ring on which is then bearing the upper
brush, and this would then be the positive (4) brush.

As the coil enters the second half of the revolution the current
in the coil reverses its direction and flows towards the other
segment, but at the same time or instant at which the current
reverses its direction and flows to the other segment, this seg-
ment has come into contact with the upper or positive brush and
the current again flows over this brush to the external circuit.

The current thus produced, however, is of a pulsating char-
acter, as is represented in Fig. 12. In order to obtain a current
of an even E. M. F. more coils are added to the armature and
the two pieces of the former copper ring are cut so that there
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will be as many pieces as there are coils. These pieces are then
called segments and the whole is called 2 commutator. The
additional ‘coils have the effect that when one coil is leaving the
maximum field density another is taking its place, thereby main-
taining an even E. M, F.

The horseshoe magnet forms the field of the generator and
the coils and the commutator form the armature. In order to
make the machine more efficient the field is made in the form
of an electro-magnet. The cores are made of iron or cast steel
and insulated wire is wound around them. These are then
called field coils. There may be one, two, or four, or more field
coils, depending on the design and size of the machine and on the
purpose for which it was built. Machines with one field coil are
usually called single-pole, those with two field coils, bipolar, and
those with four or more field coils, multipolar.

The field winding may be composed of very heavy wires, which
are consequently of low resistance, and it is then connected in
series with the armature, in what is known as “series machine.”
If it is composed of fine wire, and consequently has a high re-
sistance, it is connected in parallel with the armature, or in
shunt, as it is usually designated, and this is then known as a
“shunt machine.” Machines are also built which have both
methods of winding, series and shunt, and they are known as
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Fig. 15. Compound Wound Fig. 16. Muiti-polar Field
Dynamo. Magnet.

compound-wound. This last method of winding is usually em-
ployed on machines of large capacity and for special purposes.

- A series-wound machine is shown diagrammatically in Fig. 14;
a shunt machine in Fig. 13, and a compound-wound machine
in Fig, 15. It will be seen that a rheostat, that is, a variable re-
sistance, is inserted in the shunt winding of the field circuit in
the shunt-wound machine. This device is for the purpose of
regulating the current flow through the field coils, and thereby
regulating the strength of the field magnets.

A pulley or some other driving medium is attached to one end
of the shaft of the armature on the end opposite to the com-
mutator, some source of power is applied, and the armature is
revolved between the poles of the field magnets. A current is
generated in the armature and it is carried off by means of the
commutator and the brushes to the external circuit. In the
series-wound machine the current output is dependent on, first,
the capacity of the machine, and second, on the load, that is, the
resistance of the external circuit. With shunt machines the out-
put is regulated by means of the rheostat.

Under the conditions just described, the machine is acting as 2
generator. If the power which is driving the armature is re-
moved, the armature brushes can be connected to some other
source of electricity, such as a generator of larger capacity, and
the machine will act as a motor. Current is sent through the
armature and the field coils either in series, in shunt, or in series-
shunt, depending on the type of machine, as whether it is series.
shunt, or compound-wound,

The current flowing through the field coils induces a strong
magnetic field between the poles of the field magnets within
which the armature is located, and the current flowing through
the coils of the armature causes the armature to revolve, on the
principle that when a coil carrying current is placed within 2
strong magnetic field in such position that the current is flowing .
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