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CHAPTER VI
DIRECT CURRENT RELAYS

In practically every branch of the electrical field relays play a
very prominent part in the operation of the system. Their principal
function is to repeat the effects of an electric current in a second
circuit, As an illustration: In a telegraphic line circuit the relay is
energized by a comparatively weak current. This attracts an arma-
ture electromagnetically. Suitable contacts, which close other cir-
cuits, are connected to the armature.

In railway signaling there is no apparatus that is more essential
to the successful operation of the system than the relay. In a track
circuit the relay is arranged to close its contacts on the passage of a
comparatively weak current in the rails. The closing of these con-
tacts in turn completes a circuit in which a current flows to operate
the signal or other apparatus as desired. The same principle applies,
if necessary, to operate apparatus located at some distance from the
controlling point. The relay, located at the outlying point, is ener-
gized by a comparatively weak current transmitted over wires from
the controlling point. When the control circuit is closed it ener-
gizes the relay, closing its contacts, completing a circuit to the
apparatus to be operated.

Relays are constructed quite differently, depending on the service
in which used. This chapter will deal exclusively with relays, used
in signal work, operated by direct current. The arrangement of
circuits controlling relays, circuits controlled by them and relays
operated by alternating current, will be treated in subsequent chap-
ters.

Theory of an electromagnet as applied to the operation of direct
current relays.

The following general principles of the operation of an electro-
magnet should be borne in mind throughout the study of this chapter.

As an electric current is transmitted through or along a wire it
gives out magnetic lines of force in the form of circumferences of
circles about the axis of the wire,

Any magnetic substance brought under the influence of these mag-
netic lines of force will collect them and become a magnet as long
as the substance is under the influence of this circuit. As soon as
the current stops flowing the lines of force collapse and there is no
magnetism if a specially annealed iron, such as relay cores, is used.

If wire is formed into a coil of many turns the magnetic lines of
force passing through the center of this coil become quite strong,
and, with a given amount of current flowing in a circuit the mag-
netizing force increases in proportion to the number of turns of

2



4 Signal Section, A.R.A.

wire. For example, a coil of 100 turns of wire with 0.1 ampere of
current flowing through it will have ten times the magnetizing force
of a coil of 10 turns with the same current flowing through it. Like-
wise, any increase in current through a coil will increase the mag-
netizing force in proportion to the increase in current. Therefore, a
coil of 10 turns of wire and 1 ampere of current flowing will have
the same magnetizing force as a coil of 100 turns and 0.1 ampere of
current.

The magnetizing force is determined by multiplying the number of
turns of wire by the current as expressed in amperes and is known as
ampere turns. This force produces magnetic flux or lines of force.

An iron core inserted in this coil will collect these magnetic lines
of force as it offers a low-resistance path, but the amount is limited
by the saturation of the magnetic circuits. This point varies with

Pig. 1.
Neutral Relay, Wall Type.

quality of iron, cross-section and air gaps. The quantity of mag-
netism or magnetic flux, as it is called, is the total number of
magnetic lines of force passing through the magnetic circuit.

Winding wire around a core in one direction will produce a north
magnetic pole at one end of the core and a south magnetic pole at
the other with current flowing through the wire in a given direction.
By reversing the flow of current or the direction of winding around
the core, the magnetic poles will be reversed.

The core used in the coils is of a specially selected iron suscept-
ible to magnetism but just as easily demagnetized; otherwise, the
core would become a permanent magnet. It is desired that the core
be a magnet only when under the influence of an electric current;
therefore, the name “electromagnet.”
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The most common form of electromagnet used in direct current
relays is the horseshoe or U-shaped electromagnet consisting of four
parts: namely, two cores over which are wound the magnetizing
coils, a bar or plate of soft iron across the top of cores, known as
the yoke, joining the cores together and a strap or piece of soft
iron across the bottom of the cores, known as the armature, and
which is the movable part of the electromagnet. This completes the
magnetic circuit from one core to the other. It is necessary that
the current in one coil should flow around its core in a direction op-
posite to that in the other coil; otherwise, the magnetic flux produced
in the two cores would oppose each other and form like poles at
the corresponding ends with the result that there would be no mag-
netic attraction of the armature.

For a complete theory of magnetism, consult standard text-books’
on electricity and magnetism.

Fig. 2.
Neutral Round Base Relay.

General

Direct current relays are divided into two general groups, neutral
and polarized. Under each group there are two general classes,
track and line, which are further sub-divided into shelf and wall
types. A track relay receives its operating energy through con-
ductors of which the track rails are.the essential part, while a line
relay receives its operating energy through local or line circuits.

There is only a slight difference in the construction of the track
and line relays; therefore, in describing the construction and method
of their operation no distinction will be made between them.
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In Fig. 3 there is shown a typical round and typical rectangular
relay.

Round Base Rectangular Base
@ oA Bacx Strap —— @
o} 5
®
Coil Binding
Posts.

Front View, Giass Sectioned

Qoil Ba'ndn'ng

Post. \
s

. Contac
Flexible Connection
ki-Armature
Contact Armature
2 Fl'nacr' ‘ g RSN, R )
Sechional Side View Sectional Side View

Fig. 3.

Neutral Relays.
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Neutral Relays

Relays of this type, Figs. 1, 2, 4 and 5, are constructed in two gen-
eral shapes, round and rectangular. Generally speaking, all moving
parts are enclosed in a sealed dust-proof case, the sides of which are
of glass of such transparency that the parts within the case are vis-
ible and can be readily inspected. The principal parts are coils,
cores, armature, contacts and binding posts with the necessary
supports.

Coils.

Each relay usually has two coils with a hollow center to accom-
modate a core. The coils are made up of a large number of turns
of small gauge, soft-drawn copper wire, the size and number of

Fig. 4.
Rectangular Base Relay.

turns depending on the resistance of the relay in question. For ex-
ample, a 4-ohm relay will have approximately 800 turns of No. 18
gauge wire while a 1000-ohm relay will have approximately 14,000
turns of No. 30 or 31 gauge wire. The insulation on the wire is silk,
cotton, enamel or like insulation so that the coils will not be of an
excessive size. The coils are generally connected in series, the
ends of the wires terminating on binding posts to which the control
wires may be attached. Each coil, therefore, contains one-half the
specified resistance of the relay; that is, in a 4-ohm relay each coil
has a resistance of 2 ohms, while in a 1000-ohm relay each coil has
a resistance of 500 ohms. The recommended resistance for the vari-
ous relays is as follows: 2, 4, 9, 16, 50, 500, 670 and 1000 ohms.

3
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Each coil is constructed so that it may be removed and replaced,
in kind, without changing the magnetic or mechanical adjustment
of the relay, also they are securely fastened in place to prevent any
movement by vibration. They are impregnated or otherwise treated
so as to satisfactorily protect the wire from moisture under all
service conditions and are protected in a suitable manner from
mechanical injury.

Cores.

Each coil is placed around a cylindrical shaped core which is a
piece of specially selected soft iron susceptible to magnetism, but
just as easily demagnetized. The cores extend beyond the top and
bottom of each coil. At the top of the two cores is a soft iron yoke,
known as the back strap, securely fastened to each core by a nut.
The bottom of each core:is equipped with a large square soft iron
block known as the pole piece or face.

From the study that has previously been made of magnetism, it will
be seen that with this arrangement there are three sides of a magnetic
circuit as the winding on the coils is arranged so that when a flow
of current is sent through the wire it will produce a north magnetic
pole in one pole piece and a south magnetic pole in the other pole
piece. To complete this magnetic circuit, across the bottom of the
pole pieces is the movable part of the relay, the armature.

Armature.

The armature is a flat piece of soft iron, easily magnetized, sus-
pended in a bracket which is securely fastened to the pole pieces or
to the top plate of the relay. This bracket is so constructed that it
cannot exert pressure on the armature, but leaves it free to be moved
when under the influence of a magnetic circuit. As the circuit
through the coils of a relay is closed, it sets up a magnetic circuit
from one core to the other through the back strap and armature. As
the armature is free to move, it will be drawn to the pole pieces and
remain there as long as the circuit through the coils is closed. When
the circuit is opened, the magnetic flux collapses and the armature
will drop away from the pole pieces, by gravity, to a stop provided
for that purpose.

Air gap.

In order that a permanent air gap between the armature and pole
pieces may be maintained, relays are provided with non-magnetic
residual or core pins imbedded either in the pole face or in the
armature. In addition, there is generally an independent adjustable
armature stop located midway between the pole pieces toward the
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front of the armature and supported by the top plate or the exten-
sion of the armature bracket; this stop, after being properly adjusted
to secure the requisite air gap, is sealed or otherwise secured in place.

It is essential to maintain this permanent air gap to prevent
residual magnetism from keeping the armature attracted or “picked
up.” Without these core pins the armature could come in direct
contact with the pole faces and a small amount of residual mag-
netism would be sufficient to hold the armature picked up. The
amount of opening to be maintained in this magnetic air gap is de-
pendent on the number of contacts with which the relay is equipped;
the fewer contacts the larger the opening, while the greater the num-
ber of contacts the smaller the opening, not less, however, than a
minimum value established for mechanical clearances.

Fig. 5.
Neutral Rectangular Base Relay.

Contacts.

Securely fastened to the armature, but thoroughly insulated there-
from, are metallic springs or fingers, the fronts of which are equipped
with contacting surfaces. These contacting surfaces are metal, carbon,
or similar composition, depending on the type of relay or service in
which they are to be used. Relay contacts are designed for low and
high current; high current contacts are usually carbon to carbon.

Contacts are arranged so that circuits may be completed with the
relay energized, de-energized or in either position. Those contacts
arranged to close a circuit with the relay energized are called “inde-
pendent front contacts”; with the relay de-energized “independent
back contacts,” while those arranged to complete a circuit in either
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position are called “dependent front and back contacts.” Figure 6
illustrates the contact arrangement of a neutral relay.

ui n; =

— —
) )

INDEPENDENT INDEPENDENT DEPENDENT FRONT
FRONT CONTACT BACK CONTACT  AND BACK CONTACT
Fig. 6.

The contact finger is connected by a flexible connection to a bind-
ing post projecting through the top of relay. This flexible conduc-
tor or connection is formed and attached so that it will not affect
the torque of the armature. It is also designed that in case of an
excessive flow of current it will burn off before the front contacts
will fuse and hold closed, when they should be open.

Binding posts.

Binding posts are made of brass and so constructed that they can-
not be turned in the frame to which they are attached. Binding
posts supporting the fixed parts of front and back contacts are
fastened in their supports so that adjustments of any kind cannot be
made without first breaking the seal of the relay. The end of the
binding post that makes contact with the contact springs connected to
the armature is also of metal, carbon or similar composition, while
the other end is a brass terminal to which the outside wires or cir-
cuits are fastened by terminal nuts.

Circuits are controlled through these relays by attaching wires
to the proper binding posts; the circuit is made or broken when
the armature is picked up or dropped away as the case may be.
These circuits are easily traced through the relay by following from
the binding post on the front of relay to contact spring, to flexible
connector, to armature binding post on rear of relay. The relays
are constructed to accommodate different combinations of contacts.

Polarized Relays

The same general construction is followed in the polarized relay,
Fig. 8, as in the neutral relay with the following additions: A perma-
nent magnet similar in shape and appearance to the core of the neutral
relay is installed between, but a little ahead of, the two relay coils.
One end of this permanent magnet is attached to the back strap; the
other end is equipped with a polar armature placed in front of the
two neutral pole pieces. This permanent magnet and polar arma-
ture has the appearance of an inverted “T,” the head being one pole
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and the bottom of the stem the other pole. The polar armature is
free to move in a lateral direction or at right angles to the armatuare
described under neutral relays. Contacts are connected to either
end of this polar armature, which in turn connect to binding posts,
closing or opening circuits depending on the position of the polar
contacts. Figure 7 illustrates the contact arrangement of a polar-
ized relay.

NEUTRAL
> T
f CONTACTS

N ¢__POLAR
4™ <— CONTACTS

Fig. 1.
Contact Arrangement of Polarized Relay.

As mentioned under neutral relays, current flowing through the
coils of the relay made one of the pole pieces a south and the other
a north magnetic pole. The polar armature being part of the per-
manent polar magnet does not change its magnetic pole; there-
fore, the top of the permanent magnet remains one pole and the
bottom the opposite pole. According to the law of magnetism like
poles repel and unlike poles attract; therefore, the polar armature

Fig. 8.

Polarized Relays.
The relay to the left is equipped with vibration springs.
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Neuvtral Armature

Polar Contact
£ ; ON®
T ‘BacK Strap ® .
(o] - T
o | v
Polar Armature . ==
Nevtral Contacts = ¢ 3
Fmgera S RS |
o I
O -
Polar Contact
Plan View Finger.  Inverted Plan View

Bottom Plate Removed

‘Permanent Magnef togne x wt—Core
[
Polar Armature P
Binding Posts. P
: -

Polar Armature

Neutral Armature

Front View,Blass Sectioned Sectional Side View--
Pig. 9.
Polarized Relays.
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will be repelled by the like neutral pole piece and attracted by the
unlike neutral pole piece. This polar armature being pivoted in the
center will cause the polar contacts to move and make contact with
one set of binding posts keeping the contacts on the opposite side
open. .

By reversing the flow of current through the coils of relay, the
neutral pole pieces will change to the opposite magnetic poles. As
the polar armature still retains the same pole there will be attraction
where previously there was repulsion and repulsion where there was
attraction, causing the polar contacts to move in the opposite direc-
tion closing the polar contacts that were opened and opening those
that were closed.

Special mention is made of the fact that a circuit controlled
through a polar contact should also be controlled through a neutral
contact to insure the circuit opening when the relay is de-energized,
as ordinarily the polar contact will retain its contact in the last
position it was in and a circuit controlled through this contact alone
would not necessarily open with the relay de-energized.

Figure 9 represents a typical polarized relay.

Quick-Acting Relays

For certain conditions it is desirable to use a relay that will re-
lease somewhat more quickly than the regular type of direct current
relay and for this purpose certain modifications are made in the re-
lays previously described.

The quick-acting relay is practically the same in all mechanical
features as the ordinary relay except that the back strap is insulated
magnetically from the cores by means of copper ferrules and very
thin washers. These washers, by introducing an additional air gap
in the magnetic circuit, increase the pick-up and drop-away values
approximately 15 and 30 per cent respectively. This characteristic
provides a quicker shunt or drop-away than the ordinary relay; in
other words, when used on track circuits the quick-acting relay will
release in about 0.3 second after the shunt is applied, while with the
ordinary relay this interval is about 0.5 second.

Slow-Acting Relays

For certain conditions it is desirable to use relays that will not
release as quickly as the ordinary relay and for this purpose slow-
acting relays are used.

These relays likewise have the same general mechanical charac-
teristics as the ordinary relays, except that the coils are wound over
a heavy section copper tubing to provide an inductive means to
retard the dying down of the flux in the magnetic circuit. The air
gap between the armature and the pole pieces is also materially re-
duced, the idea being to decrease the reluctance of the magnetic cir-
cuit and provide sufficient flux for retardation purposes. The main
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purpose of this relay is to permit of a circuit being controlled
through its contacts during the open circuit periods of the neutral
contacts on polarized relays due to change in polarity. This retard-
ation period is the time interval from the opening of the relay cir-
cuit to the opening of the front contacts and is approximately six
times longer than with the ordinary relay.

The resistance of these slow-acting relays is generally about one-
half that of the ordinary relay for a given voltage operation in order
that twice the amount of current will flow through the coils, thereby
increasing the flux in the magnetic circuit to more nearly the satura-
tion point and also on account of the limited winding space on the
coils due to the use of copper tubing.

To still further increase the retardation of these relays the coils
are sometimes short circuited through the back contact of the con-
trolling relay. ’

In order that proper retardation may be obtained, it is essential
that the working voltage be maintained at normal or above, as a
slight decrease in voltage causes a material reduction in the retard-
ing effect of the relay.

Figure 10 illustrates by a curve the decrease in retardation if
operated under normal voltage.

Fig. 11.
Motor Relay.

Direct Current Motor Relays
The direct current motor relay, Fig. 11, was originally designed
for a three-position track relay to be used in place of the polarized
relay previously described. Since then, however, it has been used to
very good advantage as an “SS” relay in connection with electric
switch lever locking circuits.
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The operating mechanism consists of a small direct current motor
having strong magnetic fields with ample air gap between the arma-
ture and pole pieces. The contacts are moved from the de-energized
or open position to either of the energized or closed positions by
the rotary motion of the motor armature, the movement of which is
transmitted to the contacts by suitable link connections. The clos-
ing of one or the other sets of contacts is accomplished by a partial
rotation of the armature, the direction being dependent on the pol-
arity of the operating current.

The contacts have the same opening and pressure and are quite
similar in design to those described in the neutral relay. The usual
arrangement of contacts is four normal and four reverse. Figure 12
illustrates the contact arrangement of a motor relay.

ni
N—Jc—R

Fig. 12,
Contact Arrangement of Motor Relay.

Flasher Relays

The flasher relay is generally used where the flashing type of
highway crossing signals are installed. There are two principal types
of flasher relays. One type, Fig. 13, consists essentially of two ordi-
nary neutral relays mounted on the same base. Each set of coils

Fig. 13.
Flasher Relay.
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is controlled through the back contacts of the other relay so that
as one set of contacts closes it opens the control circuit of the other
coils and vice versa. The coils are designed to give proper slow
action to insure from 30 to 45 operations per minute, which requires
that the coils be wound to a certain resistance for a given operating
voltage. The front contacts generally used on this type of relay are
intended for the opening of circuits to low-voltage lamps, or voltages
not in excess of 30 volts. Two contacts are connected in multiple
for each lamp circuit, one contact being graphite to graphite which
makes first and breaks last, taking the arc; the other contacts being
silver to silver to insure low contact resistance for the lamp circuit.
If contacts are required to open a circuit of 110 volts then a contact
combination of tungsten to tungsten is used.

Fig. 14.
Flasher Relay.

Another type of flasher relay, Fig. 14, has the appearance of a
single relay, although it functions the same as the type just described.
The actuating member consists of two pairs of electromagnets
mounted upon a brass supporting plate. These magnets attract, alter-
nately, a single armature which is pivoted on a center line above and
between the two pairs of magnets. The action of the magnets tends
to oscillate or move the armature in opposite directions. The fixed
contact members are mounted on terminal posts assembled with the
top plate of relay, while the movable contact members are mounted
upon an insulated member secured to the armature.
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The contacts in the lamp control circuit consist of a graphite
block supported on the armature and connected to the positive ter-
minal post on the top plate, and two springs, each attached to one of
the lamp terminal binding posts. The lamp contact springs have
silver tips in order to provide low contact resistance and to mini-
mize wear. The graphite block is specially treated in order to
minimize contact resistance.

The operation of the relay is about as follows: Two of the coils
are so located that when they attract the armature, which is pivoted
on a line between the pair of magnets, the half of the armature above
the other pair of coils will be lifted. All four coils forming the two
magnets are permanently connected in series. The control wires
from the controlling relays are to be brought to the terminal binding
posts marked “Coil 4 and “Coil —.” These posts also support two
graphite contact elements which are located directly under the cen-
ter of the top plate. A vertical spring is mounted on the relay
armature and moves between the two graphite contacts as the arma-
ture oscillates.

This spring is permanently connected to the wire leading from
one magnet to the other. When one of the magnets is energized the
armature will be attracted toward it and will move the vertical
spring until it makes contact with the graphite tip on the side of the
magnet energized. The completion of this contact short circuits the
magnet which has just been energized. As soon as the flux in the
shunted magnet decreases to the point where the attraction of this
magnet for the armature is less than that of the other magnet, the
armature will snap over to the opposite position. The reversal of
the armature position will cause the vertical spring to disengage
one graphite block and engage the other located above the magnet
which has just been energized. This short circuits that magnet and
in turn with the decreasing of its flux will allow the other magnet
to attract the armature and another cycle of operation to be started.

The slow action of this relay, which is desirable in order that the
flashes of light from the signal it controls may be distinctive, is ob-
tained because of the self-induction of the magnets made effective
by the alternate short circuiting of their coils. The time period is
obtained by means of properly proportioning the magnets and the
short circuiting of their windings in the regular operation of the
relay as described.

The lamp control contacts are arranged so they open only in each
extreme position of the armature. The open pair of contacts close
during the stroke of the armature, before it reaches its center posi-
tion; thus, an overlap of the two pairs of lamp control contacts is
obtained. For this reason at least one pair of lamps in the crossing
signal will be lighted at all times when the other control relay
contacts are closed. As a matter of fact, the armature assumes such
a position when the coils are de-enegrized that all lamp contacts are
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closed, thus providing maximum protection at the crossing should
there be a failure in the flasher control circuit. Figure 15 illustrates
the arrangement of the contacts of this type of relay.

This relay is designed to give from 30 to 45 operations per minute,
or about the same as the first flasher relay described.

8
8 C TO LIGHTS TO LIGHTS
:
ARRANGEMENT OF RELAY ARRANGEMENT OF
COILS FOR CONTROL OF LIGHT CONTACTS

FLASHER RELAY

Fig. 15.

Interlocking Relays

In the case of an interlocking relay, Fig. 16, it is the same as two
neutral relays enclosed in the same case or base with an interlock-
ing device between the two sets of contacts arranged so that when
one set of coils is de-energized it will lock the other set of contacts
away from the back contacts. These relays are generally used on
single track for the control of highway crossing signals; also on
double, three or more tracks when the crossing signals are controlled
in both directions on such tracks.

Miscellaneous
Other special types of relays are in service to accommodate some

special or local requirement, but the method of operation is prac-
tically the same as mentioned in this chapter.

Instructions.

Relays should be inspected and tested in accordance with the fol-
lowing instructions:

Shop Tests and Inspections
Coils.

1. At 68 degrees Fahrenheit, the percentage variation in the re-
sistance of individual coils must not exceed:

(a) For 5 ohms or less, plus or minus 5 per cent.
(b) Above 5 ohms, plus or minus 10 per cent.

2. Coils must be rigidly fastened in place to prevent vibration.
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Fig. 16.
Interlocking Relays.
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Binding posts.

3. Right or left-hand coil terminal, as specified, must be marked
plus (4) at binding post and must be used for positive connection.

Flexible connections.

4. Flexible conductor which connects binding post and contact
finger, must be formed and attached so as not to affect the pick-up or
drop-away of the relay, and must be of sufficient conductivity to
carry 10 amperes without over-heating.

Contacts.

5. Flexible part of finger contacts must be of sufficient resilience
to exert a contact pressure of not less than 1 ounce when armature
is against stop pin. ‘

6. Finger contacts must meet contact surfaces squarely and simul-
taneously.

7. Finger contacts must have horizontal contact slide movement
of not less than 0.010 inch against contact surfaces.

8. Metal support of the non-fusible contact element must be not
less than 14¢ inch from the contact surface.

9. Opening between finger contact and back contact surface, with
front contact just closed, must be not less than 0.020 inch.

10. Front and polar contact openings for first range voltage must
be not less than 0.050 inch.

11. Front contact opening for second range voltage must be not
less than 0.090 inch.

12. Back contact opening for first range voltage with working cur-
rent or voltage applied must be not less than 0.040 inch.

13. The initial cleaned contact resistance when relay is energized
at working current or voltage must not exceed the following:

(a) Metal to metal, 0.03 ohm per contact.
(b) Metal to carbon, 0.18 ohm per contact.
(c) Carbon to carbon, 0.40 ohm per contact.

Armature end play.

14. Armature end play must be not less than 0.010 inch and not
more than 0.020 inch.

Air gap.

15. A minimum working magnetic air gap for the neutral armature
of both neutral and polar relays, with adjustable stop pins, of 0.020
inch for a relay with two neutral contacts, and of 0.015 inch for a re-
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lay with three or four neutral contacts must be maintained by an ad-
justable hard-drawn phosphor bronze stop pin so placed that its
position relative to the cores will be fixed and so that when armature
is picked up it will strike against the stop near the edge farthest from
the bearings and midway between the cores. The physical working
air gap must be not less than 0.018 inch for a relay with two neutral
contacts and 0.013 inch for a relay with three or four neutral con-
tacts. A minimum working magnetic air gap for polar armature of
0.025 inch for a relay with two normal and two reverse polar con-
tacts, and of 0.008 inch for a relay with four normal and four reverse
polar contacts must be similarly maintained. A non-adjustable stop
pin of phosphor bronze must be placed under each core near the edge
farthest from the bearings protruding 0.010 inch from the under side
of the core or the upper side of the relay armature for safety pur-
poses.

16. A minimum working magnetic air gap for the neutral armature
of both neutral and polar relays, without adjustable stop pins, of
0.020 inch for a relay with two neutral contacts, and of 0.015 inch for
a relay with three or four neutral contacts must be maintained by
two non-adjustable hard-drawn phosphor bronze stop pins. The
physical working air gap must be not less than 0.018 inch for a relay
with two neutral contacts and 0.013 inch for a relay with three or
four neutral contacts. A minimum working magnetic air gap for
polar armature of 0.025 inch for a relay with two normal and two re-
verse polar contacts, and of 0.008 inch for a relay with four normal
and four reverse polar contacts must be similarly maintained.

Gaskets.

17. Defective gaskets must be replaced.

Case.

18. Case must be so arranged as to insure a minimum clearance of
14 inch between it and movable parts.

Meter calibration.

19. Meters for shop use must be calibrated monthly.

Repairing.

20. Relays must be tested for defects. Special attention must be
given to the defects noted on repair tag, A.R.A. Signal Section Form
14,

21. Repairs and adjustments made must be recorded on A.R.A.
Signal Section Form 10.
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Testing. -

22. Pick-up, drop-away and working current or voltage of relays
must be determined as follows:

(a) Initial charge as specified in Table 1 must be applied to
coils.

(b) The value of the drop-away with contact pressure must
be obtained by applying the initial charge to coils, then gradu-
ally reducing to the value at which front contact opens.

(c) The value of the direct pick-up must be obtained by ap-
plying initial charge and taking drop-away readings, the circuit
must then be opened and current again applied in same direction
to coils and gradually increased until front contact just closes.

(d) The value of the reverse pick-up must be obtained by ap-
plying initial charge to coils in normal direction and decreasing
to zero. The polarity-must then be reversed, gradually increas-
ing the energy to value at which front contact closes.

(e) The value of the direct working current or voltage must
be obtained by applying initial charge to coils in normal direc-
tion and decreasing to zero. The energy must then be gradually
increased in same direction to value required to bring armature
against stop pin.

(f) The value of the reverse working current or voltage must
be obtained by applying initial charge to coils in normal direc-
tion and decreasmg to zero. The polarity must then be reversed,
gradually increasing the energy to value required to bring arma-
ture against the stop pin.

(g) The value of the polar pick-up must be obtained by ap-
plying current or voltage to the coils, the current or voltage be-
ing gradually increased until polarized armature reverses its po-
sition. Without current in either dlrectmn, polarized armature
with or without contact pressure should not move to the position
opposite the last position operated.

(h) The value of the polar working current or voltage must
be obtained by applying current or voltage to the coils, the cur-
rent or voltage being gradually increased to the value required to

bring polar armature against stop pin in either operating po-
sition.

23. Relay operating requirements must be in accordance with shop
requirements of Table 1.
24. When taking current readings, voltmeter must be discon-

nected. When taking voltage readings, the voltmeter must be across
the coils of the relay.

25. Tests as required by A.R.A. Signal Section Forms 11, 12 and
13 must be made and recorded at time relay is tested.
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26. Front, back and polar contacts of relay must be tested for con-
tact resistance after case is in place and before relay is sealed.

27. Insulation resistance test must be made between binding posts
and relay top. The resistance must be not less than 1 megohm,

Inspection.

28. It must be determined by actual operation that relay has a
positive drop-away and relay contacts open without retardation of
movement due to friction or external force.

29, Before case is placed, relay and case must be subjected to air
blast to remove any foreign matter, then checked to see that all parts
are in proper position and in good condition. Particular attention
should be given to the removal of metal particles from the relay and
case.

Sealing.
30. Relay case must be sealed.

Final test.

31. Final drop-away, pick-up and working current tests must be
made after relay is sealed. The values obtained must not vary more
than 2 per cent from those of the previous tests.

Shipping.
32. Relay must be tested and must meet shop requirements before
shipment.

33. Each relay must be put in a separate carton or suitably
wrapped before being placed in packing boxes. Not more than two
relays must be placed in same packing box.

Field Tests and Inspections

Meter calibration.

34. Meter for field use must be calibrated before each cycle of
tests and as often as necessary.

Testing.

35. Tests required by Instructions 22 to 28, inclusive, and A.R.A.
Signal Section Form 11 must be made at least annually.

Inspection.

36. Relay must meet shop requirements when placed in service,
except in emergency, when relays meeting field requirements may be
used.
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37. It must be determined by observation that sufficient front, back
and polar contact openings exist.

38. It must be determined by observing operation of relay that
sufficient clearance exists between case and movable parts.

39. Parts enclosed must be free from foreign matter, and all parts
in proper position and in good condition.

40. Relays not fulfilling field requirement must be taken out of
service.

Repairing.

41. Emergency repairs and adjustment to insure positive operation
of relay, for temporary use in emergency, may be made in the field
only by an authorized relay inspector.

Recording.

42. Relays must be identified by serial number, which must be re-
corded. Manufacturer’s serial number must be used if available.

43. Inspector must re-mark indistinct serial number.

44. Relays having illegible or no serial number must be assigned a

serial number, preceded by a letter. The letter to be used will be as-
signed by .............

45. Inspector must immediately record field readings on A.R.A.
Signal Section Form 11, which, when filled, must be forwarded to

.............

46. Field readings must be transferred weekly from A.R.A. Signal
Section Form 11 to A.R.A. Signal Section Form 10. One A.R.A.
Signal Section Form 10 must be used for each relay.



TABLE 1—DIRECT CURRENT RELAY AND INDICATOR REQUIREMENTS

SHOP REQUIREMENTS

FIELD REQUIREMENTS

NEUTRAL

POoLAR

MoTor

NEUTRAL

PorAr

MorTor

Initial charge

Four times dircct
pick-up

Four times direct
pick-up

Direct working cur-
rent or voltage

Reverse working cur-
rent or voltage

Drop-away

Direct pick-up

Not less than
900+ of original
marking nor less
than 43% of di-
reet pick-up

Net tess than
90¢: of original
marking nor less
than 437 of di-
rect pick-up

Ne¢t less than
9077 of original
marking

Not less than 70%
of original marking
nor less than 33%
of direct pick-up and
in no case less than:
(a) 35 milli-am-
peres for 2-ohm relay.
(b) 25 milli-am-

peres for 4-ohm relay.

Not less than 70%
of original marking
nor less than 33%
of direct plek-up and
in no case less than:
(a) 35 milli-am-
peres for 2-ohm relay.
(b) 25 milli-am-
peres for 4-ohm relay.

Not less than
40 of original
marking

Not more than
10% greater than
original marking

Not more than
109 greater thar
original marking

Not more than
106, greater than
original marking

Not more than 10%
greater than original
marking

Not more than 109
greater than original
marking

Not more than
10% greater than
original marking

Reverse pick-up

Not more than
25% greater than
direct pick-up

Not more than
25¢¢ greater than
direct pick-up

Not more than
10%% greater than
original marking

Net more than 30%
greater than direct
pick-up

Not more than
109, greater than
original marking

Direct working
current or voltage

Not more than
10%: greater than
original marking

Not more than
109 greater than
original marking

Not more than
107} greater than
original marking

Not more than 109
greater than original
marking

Not more than 10%
greater than original
marking

Not more than
10% greater than
original marking

Reverse working
current or voltage

Not more than
109% greater than
original marking

Not more than
109, greater than
original marking

Not more than
109 greater than
original marking

Not more than 10%
greater than original
marking

Not more than
10% greater than
original marking

Polar pick-up

Polar working
current or voltage

Not more than
859 of direct
pick-up of neutral
armature

Not more than 85%
of direct pick-up of
neutral armature

Not more than
8$3.59% of direct
working current
of neutral arma-
ture

Not more than 83.5%,
of direct working
current of neutral
armature
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QUESTIONS ON CHAPTER VI
DIRECT CURRENT RELAYS

1. In what field do relays play a prominent part?

2. What is the principal function of a relay?

3. How do relays compare with other apparatus in railway signal-
ing in the successful operation of a railroad?

4. Describe the application of a relay to a track circuit.

5. Describe the application of a relay to other circuits.

Theory of an electromagnet as applied to the operation of direct
current relays.

6. What occurs when an electric current is transmitted through or
along a wire?

7. Explain how a magnetic substance may become a magnet.

8. What occurs when a current is passed through a wire formed
into a coil of many turns?

9. In what ways may the magnetizing force be increased?

10. Give an example.

11. How is magnetizing force determined and by what term is it
known?

12. What happens when an iron core is inserted in a coil?

13. What limits the magnetic lines of force and how do they vary?

14. What is magnetic flux?

15. What is produced at the ends of a core with current flowing
through the coil in a given direction?

16. How may the magnetic poles be reversed?

17. What is an electromagnet?

18. Of what material is the core made and why?

19. What is the most common form of electromagnet used in
direct current relays? '

20. Of what four parts does it consist?

21. Why is it necessary that the current in one coil should flow
around its core in a direction opposite to that in the other coil?

General

22. Into what two general groups are direct current relays di-
vided?

23. Into what classes and types are these general groups divided?

24. What is the difference between track and line relays?

Neutral Relays
25. In what two general shapes are neutral relays constructed?
26. How are all moving parts generally enclosed?
27. What are the principal parts of a neutral relay?
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Coils.

28. How many coils does a relay usually have and how are they
made up?

29. Of what insulation is the material on the wire and why?

30. How are the coils generally connected?

31. Will the magnetic or mechanical adjustment of the relay be
changed when a relay coil is removed?

32. How are the coils treated to protect them against moisture and
mechanical injury?

Cores.

33. What is a back strap and how is it connected?

34. What is the pole piece or face and where is it connected?
35. What do the cores and back strap form?

36. What is required to complete this magnetic circuit?

Armature.

37. What is the armature and how is it suspended?

38. How is the armature bracket constructed? ,

39. Describe the magnetic circuit and action of the armature when
the circuit through the coils is closed.

40. What happens when the circuit is opened?

Air gap.

41. How is a permanent air gap between the armature and pole
pieces maintained?

42. Where an independent adjustable armature stop is used, how is
it applied?

43. Why is it essential to maintain a permanent air gap?

44. Upon what is the amount of opening in this permanent air gap
dependent?

45. Regardless of the number of contacts, what is the minimum
allowable air gap?

Contacts.

46. How are the metallic springs or fingers applied to the arma-
ture?

47. Where are the contacting surfaces applied and of what are
they composed?

48. Are relay contacts designed differently for low and high cur-
rent?

49. How are contacts arranged?

50. What are independent front contacts?

51. What are independent back contacts?

52. What are dependent front and back contacts?
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53. How is the contact finger connected to a binding post?
54. How is this flexible connection formed and attached?
55. What other feature is taken care of by this flexible connection?

Binding posts.

56. Of what are binding posts made and how are they constructed?

57. Why is it necessary to break seal of relay to make adjust-
ments?

58. How are circuits controlled through relays?

59. How may circuits be traced through relays?

Polarized Relays
60. What additional parts are required in the polarized relay?
61. How are circuits controlled by the polar armature?
62. Describe the operation of the polar armature.
63. In addition to controlling a circuit through a polar contact,
through what other contact is it controlled?

L4 Quick-Acting Relays
64. What is a quick-acting relay?
65. How is this quick action obtained?
66. Does the quick action affect the pick-up and drop-away values?
1f so, approximately how much?
67. How does the shunting time of a quick-acting relay compare
with that of an ordinary relay?

Slow-Acting Relays

68. What is a slow-acting relay?

69. How is the slow action obtained?

70. What is the main purpose of this relay?

71. What is the retardation period?

72. How much longer is the retardation of a slow-acting relay
than of an ordinary relay?

73. How does the resistance of the slow-acting relay generally
compare with the ordinary relay and why?

74. How may the retardation of these relays be increased?

75. Why is it essential that the working voltage be maintained as
nearly normal as possible?

Direct Current Motor Relays
76. Describe the operating mechanism and operation of the motor
relay.

77. How does the design, opening and pressure of contacts com-
pare with the neutral relay?



6 B Signal Section, A.R.A.

Flasher Relays

78. Where is the flasher relay generally used?

79. Describe the type which consists essentially of two ordinary
neutral relays mounted on the same base.

80. How many operations per minute is this type of relay designed
to provide?

81. For what purpose are the front contacts generally used in this
type of relay?

82. Describe the front contacts and their operation.

83. What contact combination is used for opening circuit of 110
volts?

84. Describe the type which has the appearance of a single relay
although it functions the same as the relay just described.

85. Describe the contacts and their operation.

86. Describe the operation of this type of flasher relay.

87. How is the slow action of this relay obtained?

88. How are the lamp control contacts arranged?

89. What position does the armature assume when the coils are
de-energized?

90. How many operations per minute is this typg of relay designed
to provide?

Interlocking Relays

91. What is an interlocking relay?
92. Where are interlocking relays generally used?

Miscellaneous

93. How should relays be inspected and tested?

Shop Tests and Inspections
Coils

94. What percentage variation in the resistance of individual coils
is permissible?
95. Must coils be fixed when in place to prevent vibrations?

Binding posts.

96. How must right or left-hand coil terminal, as specified, be
marked?

Flexible connections.

97. How must the flexible conductor connecting the binding post
and contact finger be formed and attached and what conductivity is
required?
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Contacts.

98. What contact pressure must be exerted by flexible part of
finger when armatare is against the stop pin?

99. How must a finger contact meet a contact surface?

100. What horizontal contact slide must finger contact have when
against contact surface?

101. How far must the metal support of the non-fusible contact
element be from the contact surface?

102. How far must the finger contact be from the back contact
surface with the front contact just closed?

103. What is the minimum front and polar contact opening for first
range voltage?

104. What is the minimum front contact opening for second range
voltage?

105. What is the minimum back contact opening for first range
voltage with working current or voltage applied?

106. What is the maximum allowable cleaned contact resistance
when relay is energized at working current or voltage for the follow-
ing contact combinations:

(a) Metal to metal?
(b) Metal to carbon?
(c) Carbon to carbon?

Armature end play.
107. What is the allowable armature end play?

Air gap.

Relays with adjustable stop pins.

108. What is the minimum working magnetic air gap for a relay
with two neutral contacts?

109. What is the minimum working magnetic air gap for a relay
with three or four neutral contacts?

110. How are these air gaps maintained?

111. What is the physical working air gap for a relay with two
neutral contacts?

112. What is the physical working air gap for a relay with three or
four neutral contacts?

113. Give composition, length and purpose of non-adjustable stop
pins.

Relays without adjustable stop pins.

114. What is the minimum working magnetic air gap for a relay
with two neutral contacts?

115. What is the minimum working magnetic air gap for a relay
with three or four neutral contacts?
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116. How is the air gap maintained?

117. What is the physical working air gap for a relay with two
neutral contacts?

118. What is the physical working air gap for a relay with three or
four neutral contacts?

Gaskets.
119. What must be done with defective gaskets?

Case.

120. What minimum clearance must be insured between the case
and movable parts?

Meter calibration.
121. How often must meters for shop use be calibrated?

Repairing.
122. In testing for defects what special attention must be given?
123. On what form must repairs and adjustments be recorded?

Testing.

124. In testing relays for pick-up and drop-away, how must the
following be determined:
(a) Initial charge?
(b) Drop-away?
(¢) Direct pick-up?
(d) Reverse pick-up?
(e) Direct working current or voltage?
(f) Reverse working current or voltage?
(g) Polar pick-up?
(h) Polar working current or voltage?
125. What table determines the relay operating requirements?
126. When taking current readings, what must be done in regard to
voltmeter?
127. How must voltage readings be taken?
128. What tests must be made?
129. When tests are made, what forms must be followed and what
record made?
130. When must contacts be tested for resistance?
131. Where must insulation tests be made and what must be the
minimum resistance?

Inspection.

132. How must it be determined that relay has a positive drop-
away and relay contacts open without retardation of movement due
to friction or external force?
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133. What must be done to remove foreign matter before relay
case is placed?
134, Following the removal of foreigh matter, what must be done?

Sealing.
135. Must relay case be sealed?

Final test.

136. After relay case is sealed, what tests must be made?
137. What variation from previous tests is permissible?

Shipping.
138. What requirements must be met before relay is shipped?
139. How must each relay be packed?

140. How many relays is it permissible to put in the same packing
box?

Field Tests and Inspections
Meter calibration.

141. How often must meters for field use be calibrated?

Testing.
142, What field tests are required and how often?

Inspection.

143. What requirements must be met when relay is placed in ser-
vice and is there any exception?

144, How must it be determined that sufficient contact opening
exists?

145. How must it be determined that sufficient clearance exists be-
tween case and movable parts?

146. What must be the condition of all enclosed parts?

147. What must be done with relays not fulfilling field require-
ments?

Repairing.

-148. When and by whom may emergency repairs be made in the
field?

Recording.

149. How must relay be identified?

150. What must the inspector do if a serial number is indistinct?

151. What must be done when relays are found with illegible or no
serial number?

152. How must inspector handle field readings?

153. How often are field readings transferred and what forms are
used?



