»

Published by the Signal Section, A. A. R.

~ BEVISED SEPTEMBER 1948




American Railway Signaling
Principles and Practices

CHAPTER XXI

Hump Yard Systems

REVISED SEPTEMBER 1948



PusLisaen By
ASSOCIATION OF AMERICAN RULROADS, S16NAL SECTION
30 Vasey Streer, New York 7, N, Y,

Coryriour, 1948, By
ASSOCIATION OF AMERICAN RATLROADS, SIGNAL SECTION
(PRINTED IN THE INITED STATES OF AMERICA)



CHAPTER XXI
HUMP YARD SYSTEMS
The Signal Section, Association of American Railroads, defines Hump
Yard as follows:
Hump.
That portion of the hump yard containing the summit over which cars
are pushed and beyond which they run by gravity.

Yard, Hump.
A yard in which the classification of cars is accomplished by pushing
them over a summit, beyond which they run by gravity. (AR.E.A.)

General.,

In the early days of railroading, freight cars were not classified except
by picking them up from and delivering them to sidings at various points
on the line. As traffic increased yards were built and freight cars were
classified by flat switching, as is still done where the traffic density is light.
Next, hump and gravity yards were built so that gravity would do a
large part of the work formerly done by the switch engine. The applica-
tion of power-operated switches controlled from a central point was then
instituted. The latest improvement for effecting economies is the car
retarder system.

Power-Operated Switch Systems

The first installation of power-operated switches in a hump yard was
made by the Pennsylvania R. R. in 1891, at Altoona, Pa. Later, hump
yards were equipped with power-operated switches on the Baltimore &
Ohio; Central of Georgia; Chesapeake & Ohio; Chicago & Western Indiana;
Illinois Central; Missouri-Kansas-Texas; Missouri Pacific; New York Cen-

Pig. 1.
Push Button Machine.
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tral; New York, New Haven & Hartford; Pennsylvania; Reading; Rich-
mond, Fredericksburg & Potomac; and the Union railroads.

Since .the invention of the car retarder a few hump yards have been
equipped with power-operated switches (but not with car retarders), but
in these cases the switch machines, signals, control machines and circuits
have followed the practices of car retarder installations.

The usual operation involves providing the operator with a schedule of
the movements required to classify the cars. He is then able to follow the
movement of the different cars by the successive operations of the track
indicators.

Electro-pneumatic. \

The push button machine illustrated in Fig. 1 is similar to that installed
in 1891. The upper row of buttons is termed the “normal” and the lower
row the “reverse.” Pressing in a normal button on the machine forces out
its corresponding reverse button, and vice versa; the two buttons, relating
to a switch, are joined at the back of the front board by a walking beam
or contact arm which is pivoted at its center. The indicators above the
buttons are controlled by track circuits. If the track circuit is unoccupied
the position of the switch is indicated. If the track circuit is occupied the
indicator takes a mid-position, in which position locking dogs engage with
a locking bar so that the position of the buttons, and hence of the switch,
cannot be changed until the track circuit is unoccupied. Figure 2 illustrates
the circuits for the control of a single switch.

The switch cylinders and valves are similar to those used in the control
of switches in electro-pneumatic interlocking installations and are described
under the heading “Power Switch Machines.”

The push buttons are electrically connected to their respective switch
valve magnets so that by pushing the button in the upper or normal row
the switch assumes the normal position, and by pushing the lower or
reverse button the switch assumes the reverse position.

Electric.
The lever machine for controlling switches consists of a cabinet with a
vertical panel through which levers project. The upper position of the

Fig. 3.
Machine Lever for Eleectric Switches.
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lever is normal and the lower position is reverse. Indication lights show
the position of the switch and the occupancy of track circuits. Figure 3
illustrates a lever of this type.

Figure 4 illustrates the control circuits for a single switch operated
from this type of control machine. A relay is built into each lever and is
connected into the control circuit of the switch machine to insure the
completion of the movement of the switch once it has been started.

Track circuits while occcupied are used to prevent the operation of
switches. Model 6 switch machines are used for operating switches. This
type of machine is similar to that illustrated in Fig. 35, the only difference
being that an electric pole changer is used permitting a reversal at
midstroke,

Car Retarder Systems

Prior to the use of car retarders, and in many freight yards at present,
the classification of cars is handled over humps where men ride the cars
and use hand brakes to control their speed and where switchmen throw
the switches to set up the proper routes and place skates on the rails to
stop cars not properly retarded by the hand brakes. The cost of such
operation is expensive, principally because of the large number of men
involved, the necessity of returning the riders to the hump and the waiting
of engines for the riders to return. In many cases the riders walk back
but at large yards they ride back on ‘motor cars.

The greatest loss of time is either due to the engine waiting for riders
or riders waiting for cars. The arrival of trains in most yards is such that
a large number of cars must be handled in a short time, thus leaving
periods when work is slack. It is difficult to provide the proper balance
between motive power and riders, which balance is essential in order to
obtain the maximum efficiency.

The car retarder system provides for handling cars at a hump yard using
a minimum number of men and engines and provides ample capacity for
handling peak periods of traffic without the delays attendant with calling
out additional riders and switchmen.

The system includes the following devices:

Car retarders for controlling the speed of cars from the crest of the
hump to the classification track.

Switch machines, for throwing the switches, to select the proper route.

Skate machines, for placing a skate on the rail, to stop cars which
have not been properly retarded.

Control machines for controlling the above units.

Power plant for converting the main source of power into power of

" the proper type, whether it be air, direct or alternating current.

Signal system for controlling the movements of trains to and over the
hump and the movement of engines through the switching area.

Communicating system for transmitting car lists from the yard office
to the hump office and the individual towers and for verbal com-
munication between the humpmaster and the operators and between
the humpmaster and the enginemen on the pusher and trimmer
engines.

Flood lights, for providing the proper illumination, for night operation.

Hot oil plant for lubricating journals in the winter, providing for
easier rolling cars.



Historical.

In September 1923, Mr. George Hannauer, then Vice-President, and
Mr. E. M. Wilcox, Master Car Builder, of the Indiana Harbor Belt R. R,,
invented, installed and tested two 40-foot sections of retarder, now known
as the Hannauer retarder, on that portion of the New York Central R. R,
operated by the Indiana Harbor Belt R. R., at Gibson, Ind. The results
were so satisfactory that they proceeded to install additional units until
in December 1924 the yard was completely equipped. Patents were taken
out by Messrs. Hannauer and Wilcox, covering the type of retarder
they had found successful. Since then many different types have been
tested here and abroad, using various kinds of power for operation; these
types are: electro-pneumatic, electric, magnetic, and hydraulic. In America
the electro-pneumatic and electric types prevail whereas in Great Britain
and on the Continent, where conditions relative to the design of rolling
stock, wheel tolerances and methods of operation differ, the hydraulic has
been used most extensively.

T'rack layout and gradients.

It is important that the track layout and gradients be designed and the
retarders located properly, since they affect the efficiency and first cost of
the installation. When retarders were first installed, a minimum of track
change was considered desirable and consequently the only changes were
to cut every other track into an adjacent track instead of inte the ladder
and install retarders at that point on the ladder, as well as on the hump
lead and on each of the classification tracks. The East St. Louis Yard on
the Illinois Central R. R., Fig. 5, is of this type.

As the art developed, it seemed advisable to make more track changes
and install fewer retarders, and therefore in reconstructing the Mechanic-
ville Yard at Mechanicville, N. Y., on the Boston & Maine R. R., Fig. 6,
tracks were brought together in groups of six each and then connected
within the shortest possible distance to the hump lead, one retarder being
used in advance of each group as well as on the sub-leads and hump lead.
This design of yard is still being used; two of the latest installations are
illustrated in Figs. 7 and 8.

Another variation consists of omitting the intermediate retarder on the
sub-lead and shortening the distance between the crest and clearance point
together with revision of gradients to agree with the change. This arrange-

ment affords a lower hump, less retarders, and good operation. Such a
track layout is shown in Fig. 9.

Where the ultimate in humping capacity is not required as many as
nine tracks have been included in one group and with as few as two groups
per yard. (See Fig. 10.)

The average gradient from the crest of the hump, usually, is sufficient
to cause the slow rolling car to move from the crest into any of the
classification tracks under adverse weather conditions. Retarders are in-
stalled at intervals to permit controlling the speed of the heavy and fast
rolling car so that it will not enter the classification tracks at too high a
speed. The gradient in the classification track usually is designed so that
the heavy and fast rolling car will not accelerate to speeds which are in
excess of the maximum permissible coupling speed.
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Bastward Willis Yard, Galesburg, Ill, Chicago, Burlington & Quincy R. B.
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Pig. 10.
Portsmouth Time Freight Yard, Norfolk & Western Ry.

The ideal arrangement of track layout, gradients and retarders is such
that the time required for handling a car from the crest to the clearance
point on any classification track is the same for each car, regardless of its
weight or rolling condition, which means that the lightweight and slow
rolling car will be moving at approximately the same speed as the heavy
and fast rolling car when retarded, but not necessarily when released from
the last retarder. Such an operation provides for an even spacing of cars
which allows ample time for the operation of switches between cars and
ingures a maximum humping capacity.

Track circuits for protection against the operation of switches under

cars were not used in the earlier installations, since it was believed they
would slow up operation. In designing the more recent track layouts and
gradients, it was found that track circuits could be used to advantage and
that the running of cars at a higher speed provided a sufficient spacing
for the operation of switches between cars. The use of track circuits has
resulted in economy by preventing damage to cars and contents as well
as to roadway equipment, by eliminating derailments due to switches
being operated between trucks.

Car Retarders
General principles.

Retardation is secured by applying pressure to shoes which contact with
both the inside and outside faces of the car wheel, thus providing friction
which opposes the turning of the wheel; this pressure is cushioned by
springs or some other means.

13




Pig. 11.
Eastward Enola Yard, Penna. R. R.

Pig. 12,
Eastward Clearing Yard, Belt Ry. of Chicago.
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Retardation is obtained in proportion to the pressure applied, the co-
efficient of friction, the height of the contact between the shoe and the
wheel and the length of the retarder.

Means is provided for varying the amount of pressure so as to vary the
degree of retardation and alsc to move the shoes to an open position, thus
allowing cars to run free without retardation.

Smoothness in retarding is considered important in the retarders used in
Great Britain and on the Continent since the cars to be handled are light-
weight and more easily retarded, and, therefore, if the retardation is too
sevete the contents of the cars might be shifted, thus causing damage.

In America the ratio of retardation to the weight of car is much lower
and, therefore, there is practically no possibility of shifting the contents in
the car.

Since the height at which the shoe bears against the wheel is low there
is a chance of lifting a car if too much pressure is applied and when the
car is lifted a derailment may occur. Equalized shoe pressure is used, gen-
erally, so that a maximum average pressure can be secured without having
pressures, per wheel, in excess of that at which wheels will lift. There is a
variation in the spacing of wheels on axles as well as thickness of wheels,
therefore equalized shoe pressure is of advantage in compensating for this
variation. The forces throughout the retarder are self-contained and the
design is usually such that the parts will adjust to compensate for uneven
surfacing. Adjustment is provided to compensate for the wear of shoes and
bearings. In some of the recent installations, the retarders are mounted on
ties set in a concrete foundation and in some cases directly on the concrete.
In these cases ties do not need to be tamped. The construction is suffi-
ciently strong to withstand heavy shock. Provision is made in the design
so that ties can be tamped.

Types of retarders.

Two general types of retarders have been developed and installed, in
America. One, the “electric,” uses electricity for both control and opera-
tion; while the other, the “electro-pneumatic,” uses electricity for control
and compressed air for operation. Both provide four steps of retardation
as well as the open or free position. These are usually used as follows:

Open position ..........ceececeeenierseneees. N0 retardation.
First position .......cccccevvivvnneienenennens empty cars.
Second position .......cccricccriirencenns light loads.
Third position ..., medium loads.
Fourth position .........cccccccvemneneenniies heavy loads.

The open or free position permits unrestricted movements of locomo-
tives over the retarder.

Electric retarder, Type A.

This type, Fig. 13, was first installed at East St. Louis, Ill, on the
Illinois Central R. R., February 1926, and later at South Markham Yard
on the same road, May 1926; at Blue Island, Iil.,, Indiana Harbor Belt
R. R, August 1926; and at Hartford, Conn., on the New York, New Haven
& Hartford R. R.. October 1926.

The foundation consists of a series of ties held together by tie bars,
one on one end, one in the middle and by an angle bar and crank bar on

15



the other end. The mechanism is attached rigidly to the angle bar and is
supported on three ties. The rails are held in position by chairs which are
formed: to fit the ¥ail contour and which also space the rail from the tie.
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Fig. 13.
Electric Retarder, Type A.

The shoes are bolted to the shoe beams which slide back and forth
in grooves in the chairs and which interlock with the chairs to prevent
their lifting. The shoe beams are 3 feet 8 iriches in length and are articu-
lated by a tongue and groove arrangement so that pressure is transmitted
from one beam to the other and so that there is a flexing of the assembly
to compensate for variation in the thickness and the spacing of wheels.

The pressure between the shoe and the wheel is provided by springs
which are backed up by a lug on a cross member or girder which in turn
is operated and held in position by a T-crank, driven by a longitudinal
operating bar and eventually the mechanism. The spring is kept in line
by a spring rod which is pinned to the shoe beam at one end and which
slides in a bearing in the girder lug. Adjustment for the initial spring
pressure is provided by adjusting nuts on the spring rod and the position
of the shoe is obtained by adjusting nuts on the spring rod which shift
the beam with relation to the lug on the girder. Guides keep the girders
in line at both the outer and center tie bars. Two pairs of girders are
assembled in the space between ties, one pair being connected end to end
in the center by a link and to one side of a T-crank and the other pair
to the other side.

Movement of the T-crank provides a push on one pair of girders and a
pull on the other pair and it will be noted in Fig. 13 that one pair of
girders is connected through the medium of the springs to shoe beams on
the side of the rail nearest the mechanism and the other pair to the shoe
beams on the side of the rail furthest from the mechanism. Since the
spacing of the holes between the pivot for the T-crank and the pin con-

16



necting the crank to the girders is the same for both pairs of girders, any
movement of the crank provides equal movement as between the inside
and outside shoes to and from the rails.

A large lever is pivoted in the crank and angle bar and a link between
this lever and a lug on the operating bar provides a connection to the
mechanism throw rod, the latter being moved out and in from the mechan-
ism because of its connection at a point eccentric to the axis of a large
gear. The gear is driven by a motor and gearing, through an angular move-
ment of less than 180 degrees. The motor is equipped with a magnetic
brake which is released when current is flowing through the motor and
applied by spring pressure otherwise.

‘The operation consists of running the motor until the proper position of
the shoes is obtained and then cutting off power from the motor, auto-
matically, by means of a limit switch or master controller at which time
the brake is applied. This holds the operating bar, the T-crank and girders
in a fixed position and as wheels pass through the retarder the shoe beams
are pressed away from the rail by the wheel since the wheel is thicker
than the space between the shoes and thus the springs are compressed to
provide the pressure necessary for retardation. Any change in the spacing
of shoes provides for a variation in the pressure against the wheel and,
therefore, a variation in the degree of retardation. The retarder may be
used for its full length or may be closed or opened at the will of the
operator to secure more or less retardation but the usual practice is to
close the retarder before the car enters and then open it when the car
speed is correct.

Two or more retarders may be assembled end to end and joined together
at the point where the shoe beams articulate, thus forming one long re-
tarding surface operated by two or more individual mechanisms which are
operated from separate control levers so as to secure various degrees of
retardation on each of the units independent of the other units.

An adjustment is provided on the throw rod to compensate for wear of
shoes and bearings. Occasionally it is necessary to adjust the position of
the shoes to obtain proper alignment and this is done individually at the
spring rod.

‘This retarder is used in lengths varying from 14 feet 8 inches to 40 feet
4 inches in multiples of 3 feet 8 inches and in some cases is used on one
rail only, where it is necessary to locate it opposite the frog of a switch.

Electro-pneumatic retarder, Markham type.

This type of retarder, Fig. 14, was first instalied at Northbound Mark-
ham Yard on the Illinois Central R. R. in March 1926 and in the South
Yard at Gibson, Ind.,, on the Indiana Harbor Belt R. R. in August 1926.

This retarder is a refined design of the retarders used in the North Yard
at Gibson, Ind., on the Indiana Harbor Belt R. R. The operating mechan-
ism and control devices were entirely new in design.

Figure 15 is a diagrammatic sketch of the arrangement of the Markham
type retarder. When air is admitted in back of the piston in the cylinder,
the piston and its piston rod move outwardly (toward the left), the vari-
ous levers moving in the direction shown by arrows, and bringing the
brake shoes to their closed position. As the car wheel enters the retarder,
springs, shown in Fig. 14, take up the initial shock and compensate for

17



Pig. 14.
Electro-Pneumatic Retarder, Markham Type.

the variation in the wheel thickness and spacing on the axle, the retarda-
tion being effected by the compressed air in the cylinder resisting the
reverse action of the levers caused by the car wheels spreading the posi-
tion of the brake shoes. The four degrees of retardation are obtained by
varying the pressure in the cylinder and thus varying the resistance to
the reverse action of the linkage. To open the retarder air is admitted to
the reverse side of the piston and exhausted from the  operating side.
There are, thus, just two positions of the brake shoes, closed and open.
The entire structure is mounted on ties.

S0P ANCHOR ROD /B’ 12~ DiA
(A wersoses CYLINDER {IIJ SQ.IN AREA
pen T ; 8" STRAKE (MAX)
5700 ABM PRI
NOTE-ALL PARTS
SHABED REMAIN
IMMOVABLE

Fig. 15.
Diagrammatic Sketch of Markham Type Retarder.
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Electro-pneumatic retarder, Boston type.

In the reconstruction of the Mystic Junction Yards at Boston, Mass., on
the Boston & Maine R. R., less space was available which mnecessitated
the design of a sturdier and more powerful retarder than the Markham
type. The Boston type, shown in Fig. 16, was installed September 1927 at
Mystic Junction Yard and subsequently at Allentown, Pa., on the Central
R. R. of New Jersey, and at Portsmouth, Ohio, on the Norfolk & West-
ern Ry.

The Boston type retarder is similar to the Markham type in the use of
springs to take care of the variations in wheel thicknesses and spacing on
axles and the first shock on the entrance of a car and in the use of the
air cushion to provide the various degrees of retardation. The linkage from
the operating cylinder to the cranks is also very similar. The remainder
of the linkage is, however, quite different. The outer ends of the springs
are fixed. The inner ends of the springs are fastened to the brake beams
(which carry the brake shoes). The brake beams are moved by a driving
bar, located beneath them and parallel to the rail. To close the retarder air
is admitted to the operating cylinder causing the piston and rod to move

Fig. 16.
Flectro-Pneumatic Retarder, Boston Type.

out. The linkage then moves the driving bar in a direction opposite to the
direction of traffic with result that each brake beam, due to the fixed pivot
of the springs, moves toward the rail, but in an arc, rather than at right
angles.

Electric retarder, Type B.

The first Type B retarder, Fig. 17, was installed in December 1927, at
Mechanicville, N. Y., on the Boston & Maine R. R., and later at Selkirk
(near Albany, N. Y.), DeWitt (near Syracuse, N. Y.) and Gardenville

19
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(near Buffalo, N. Y.) on the New York Central R. R.; Lancaster (Fort
Worth, Tex.) on the Texas & Pacific Ry.; Coxton (near Pittston, Pa.) and
Oak Island (near Newark, N. J.) on the Lehigh Valley R. R.; Proviso
(Chicago, IlIl.) on the Chicago & North Western Ry.; Northrup Avenue
(Providence, R. 1.) on the New York, New Haven & Hartford R. R.; West
Detroit, Mich., on the Michigan Central R. R.; Toledo and Stanley (near
Toledo, Ohio) on the Ohio Central Lines; Lambert Point, Va., on the
Norfolk & Western Ry.; Huron, Ohio, on the Wheeling & Lake Erie Ry.;
Decoursey, Ky., on the Louisville & Nashville R. R, and EB and WB
Willard and Lorain Ohio, on the Baltimore & Ohio R. R.

Mechanicville Yard was among the first yards to be built with the
tracks arranged in groups of six and with one group of retarders serving
each group of tracks. The track space available for retarders was much
less than in former yards which necessitated the designing of a retarder
which had about twice the capacity for retardation of the Type A.

The foundation of the Type B retarder consists of H-section steel cross-
ties located at 5 feet 6 inch centers, or at every third tie spacing, and on
9 inch by 12 inch wood ties set on edge. These steel ties or beams transmit
all the forces necessary to oppose the forces set up in the crossbars, this
differing from the Type A retarder where the opposing forces were carried
in the girders. The tie spacing is maintained by two tie bars located one
along each rail but on the side nearest to the mechanism. The chairs which
support and guide the shoe beams are bolted to the steel ties. The rails
are supported by the steel ties and by tie plates on the wood ties and are
held in place by rail clips.

The crossbars are located between the steel tie and the next adjacent
wood tie and are supported by wings projecting from the chairs and from
the tie plates on adjacent wood ties. The fixed levers are supported in
brackets bolted rigidly to the tie bars whereas the floating levers are
supported by brackets bolted rigidly to the crossbars. The spring is sus-
pended between the two lower ends of the fixed and floating levers and
contact with the levers through a modified knife-edge bearing. The upper
ends of the levers contact with the shoe beam at as high a point as is
possible when considering clearances. This point is very nearly opposite
the point where the wheels contact with the shoes, thus providing for
nearly a straight line transmission of force to minimize the pressures be-
tween the shoe beam and chair.

The crossbars are connected to an L-type crank which is pivoted on a
pin projecting through the crank bar and angle bar which are bolted
rigidly to the steel tie as well as the wood tie. The operating bar is sup-
ported and connected to the outer ends of the L-type cranks and is driven
through the medium of a lever which has one end pivoted in the crank
bar and angle bar and the other end connected, by a trunnion and adjust-
ing rod, to the toggle crank. The toggle crank is driven by the throw rod
which (the same as in the Type A retarder) is moved back and forth by
the mechanism,

Figure 18 is a diagrammatic sketch illustrating the closed and open
positions for the Type B retarder. The full lines show the open position,
and the dotted lines the closed position. It will be noted, in the open
position, that the pin connecting the throw rod to the drive gear is at the
extreme point of the stroke from the toggle crank and that, as this gear
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turns, the throw rod is moved toward the toggle crank, thus moving the
toggle crank, lever and operating bar away from the mechanism. This
pivots the operating crank and pulls the crossbar crosswise to the track
and toward the mechanism side of the track.

A centering spring (leaf spring, not shown), attached to the shoe beam
and having a bearing on brackets attached to the tie bar, takes up all play
starting with the shoe beam on the fixed lever side pressing against the
uppér end of the fixed lever which tends to pivot the fixed lever, thus
transmitting pressure from the lower end of the lever to the spring seats
and spring and then to the lower end of the floating lever, thus tending to
pivot the floating lever against a stop which is part of the floating lever
bracket. This pressure maintains a fixed angular relation between the
floating lever and the crossbar, unless a car wheel moves in between the
shoes, and also takes up all lost motion in bearings.

i, CLOSED i
) POSITION i
Fig. 18.
Diagrammatic Sketch, Type B Returder.

The lever ratio for both the fixed and floating levers is one to one: for
example, when the crossbar is moved one inch, the upper end of the
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floating lever and the shoe beam with which it contacts also is moved one
inch toward the rail. The spring and spring seat are moved crosswise under-
neath the rail which pivots the fixed lever, causing a one-inch movement
of its upper end. This moves the shoe beam on the fixed lever side one
inch toward the rail and when the crossbar is moved in a direction away
from the-mechanism, the operation of the parts mentioned is exactly the
reverse, therefore any movement of the crossbar provides a movement of
the shoe beams on both sides of the rail, toward and away from the rail,
each being moved an equal distance.

As described for the Type A retarder, the brake attached to the motor
holds in a fixed position all parts except the two shoe beams, the fixed
and floating levers and the spring and its spring seats. As the wheel moves
in between the shoes, the shoe beams are moved back against the upper
ends of the levers, thus forcing the lower ends together compressing the
large spring. Consequently, the pressures resulting on either side of the
wheel are equal since one spring is responsible for both pressures,

The Type B retarder is positioned to four definite distances between the
shoes to secure a variation in retardation. For example, the maximum
retardation is obtained with. a 37 inch spacing of shoes (without the
wheel between the shoes). The minimum retardation is obtained with a
spacing of 5 inches between the shoes. Since the wheel thickness is approxi-
mately 5% inches this provides for a compression of the spring of 153
inches for the maximum retardation and approximately 1% inch for the
minimum retardation.

Figure 19 is a s.impliﬁed sketch representing the parts adjacent to a
wheel and Fig. 18 illustrates the actual parts represented in Fig. 19. The
hand in Fig. 19 represents the mechanism and other parts holding a cross-
bar in a fixed position.

Fixed Pivot

3
« o

-,

Spring C

e b

Fig. 19,
Principle of Operation, Type B Retarder.

It will be seen that, with a wheel between shoes E and B, the pressure
from spring C is transmitted through the levers to the wheel through shoes
E and B. Any additional pull on the crossbar will tend to move crossbar A
further compressing spring C which increases the pressure applied to the
wheel. Decreasing the pull on the crossbar will permit it to move, and
lessen the spring pressure, thus reducing the pressure applied between the
shoes and the wheel.

‘The shoes are L-shaped and attached to the shoe beam by means of

23



five bolts. The outside shoes are made so that the top edge is 2 inches
above the top of the rail whereas the inside shoes have a height of 21
inches above the top of the rail. The outside shoes are made .of steel,
specially treated, to provide long wear as they contact with the roughest
and greasiest side of the wheel. The inside shoes are made of softer steel
as the inside of the wheel generally is clean and fairly smooth. The extra
height of the shoe above the top of the rail provides for extra retardation.

The combination of high inside and low outside shoes assists in pre-
venting derailments since if a wheel is lifted the face of the wheel rides
the outside shoe and is guided by the inside shoes, due to their extra
height, until the wheel reaches the end of the retarder and then drops on
the rail. _

As the face of the shoes wears off it is necessary to move them in toward
the rail so as to provide the required spacing. The adjustment is made by
moving the trunnion outward on the adjusting rod, this being sufficient for
all shoes in the retarder.

Excessive wear in bearings is taken up by applying horse-shoe shaped
shims so as to interlock with each other, between the spring and the spring
seat thus moving the lower ends of the levers apart and moving the upper
ends of the levers and the shoe beams toward the rail. Additional adjust-
ment facilities are provided in the shoe beam at the point where the lever
contacts with the beam, where shims are placed between a wearing block
and the main part of the shoe beam so as to shift the beam toward the
rail. All the adjustment facilities taken together compensate for a large
amount of wear in bearings.

A large number of the bolts in the retarder can be tightened without the
removal of parts. However, some of them cannot be reached without
removing the shoe beams. The shoe beams are opened to the removable
position by changing the connection between the adjusting rod and the
toggle crank so that it will be connected in the fourth hole in the toggle
crank which is very close to the connection to the throw rod and then
operating the mechanism to produce an opening between the shoes, wider
than normal, to a point where the beams can be lifted vertically from the
retarder. After the shoe beams are removed all parts in the retarder are
easily reached for maintenance purposes.

A pressure lubricating system is used throughout for all pin type bear-
ings, most of the pins being drilled through the center and outward to each
bearing to transmit the grease. Oil is used to lubricate all sliding surfaces.

It will be noted that the toggle crank is supported from the angle bar
and crank bar with its pivot outside the path of travel of the operating
bar. The design of this crank and its position gives enough additional
mechanical advantage to permit the use of the same mechanism used on
the Type A retarder, minor changes being made in the adjustment of the
mechanism controller to secure the proper shoe spacing for the various
degrees of retardation.

The mechanism, Fig. 20, consists of a train of specially heat-treated
gears, the large gear being the one to which the throw rod is connected,
the pin, reference 14, being used for this purpose. The horizontal shaft.
carrying a bevel pinion meshed with the bevel gear, runs in roller bearings
whereas the other shafts run in bronze bearings. The lower half of the
gear case is filled with a splash lubricant for lubricating the lower bear-
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ings and the gear teeth while the upper bearings are lubricated by a pres-
sure system.

The mechanism controller, reference 13, Fig. 20, is driven by bevel
gears and pinion gears from the large gear shaft, and as shown in Fig. 21,
consists of a cam shaft upon which five cams are assembled. These cams
contact with an idler finger to which the control contacts are linked. The
operation and function of the mechanism controller contacts will be ex-
plained later.

Fig. 21.
Master Controller for Types A and B Mechanism.

A 5 horsepower, 230-volt compound wound crane type motor is assem-
bled in the main housing and connected to the mechanism by means of a
short universal coupling. The brake is of a disc type, permanently attached
to the motor,

The control circuit for the retarder is shown in Fig. 22. Five wires are
used from the retarder lever to the mechanism controller of the retarder
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mechanism, one being connected to the center contact of each group of
contacts. Two control wires, one for closing and one for opening, are con-
nected to the outside contacts and extend from the mechanism controller
to the contactor panel which is located in a sheet steel housing near the
retarder.

When the control lever is moved to any one of the five positions, cur-
rent flows over the corresponding control wire to the mechanism controller
and through contact F or R, depending upon which is closed over wire F
or R to contactor F or R. If contactor F is energized, the front contact
is closed and the line contactor is energized, since it is in series with either
one of the contactors, depending upon which is energized, thus completing
the operating circuit.

In operating, current flows from a positive local bus wire, through a
knife switch and the heating element of a thermal relay, through the front
contact of contactor F, through the armature and the commutating field
of the motor; through the back contact of contactor R, through the series
field of the motor and brake coil, through the contact of the line contactor;
to the negative side of the line. For opening the retarder, contactor R is
energized and current flows in almost the same path as already described
except that it is through the armature in the reverse direction which
causes a reversal of the motor.

As the mechanism is moved, the cams of the mechanism controller are
rotated and at a definite point in each cam there is a dwell at which time
the center finger is moved free of both contacts F and R, thus de-energizing
whichever contactor may be energized, cutting off current from the motor
and applying the brake. The de-energizing of both contactors F and R
shorts the armature through a 1.9 ohm resistor which, in combination with
the residual remaining in the field cores, provides dynamic braking to
assist the brake in stopping the motor. After passing through the dwell on
the cam, one or other contacts in the mechanism controller are clogsed which
selects the contactor which must be energized to obtain the proper rotation
of the motor, Therefore, regardless of the position in which the control
lever is placed, the mechanism will follow immediately to that position
and stop, thus positioning the shoes for a definite spacing and consequently
a definite degree of retardation.

Protective devices.are used: first, a time relay so as to limit the time in
which the motor is energized for any given movement; and second, a
thermal relay which opens in case the motor is heated excessively. The
time relay normally is energized through back contacts on relays F and
R and is de-energized when either of these relays is energized. The timing
is obtained by a lag in the breaking down of the flux; a 5 to 7 second
timing is obtained.

Electro-pneumatic retarder, Model 28.

The Model 28 retarder, Fig. 23, was designed to make available a
retarder even more powerful, more rugged and more flexible than the
Boston type. Complete installations were made at the Sharonville Yard
{near Cincinnati, Ohio) of the Cleveland, Cincinnati, Chicago & St. Louis
Ry.; the Cedar Hill Yards (near New Haven, Conn.) of the New York,
New Haven & Hartford R. R.; the Pitcairn Yard (near Pittsburgh, Pa.)
of the Pennsylvania R. R.; the Russell, Ky. Yard of the Chesapeake &
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Ohic Ry.; the Potomac Yard (near Washington, D. C.) of the Richmond,
Fredericksburg & Potomac R. R.; the Marion, Ohio Yard of the Erie R. R;
and the Galesburg, Ill. Yard of the Chicago, Burlington & Quincy R. R.
Additional installations were made in the Gibson Yard of the Indiana
Harbor Belt R. R.; the Portsmouth, Ohio Yard of the Norfolk & Western
Ry.; the Allentown, Pa. Yard of the Central R. R. of New J ersey; and the
Mystic Junction Yards (Boston, Mass.) of the Boston & Maine R. R.

Pig. 23. '
Electro-Pneumatic Retarder, Model 28.

The Model 28 retarder may be said to be divided into three parts: the
brake cylinder assembly, the driving linkage and the radius rod brake
beam assembly.

The brake cylinder, used for operating the Model 28 retarder, is anchored
to a bearing plate in such a manner that the reaction through the bearing
plate and driving cranks forms a closed system of forces. This cylinder has
two pistons, a main and an auxiliary.

The piston rod of the brake cylinder is connected to the floating toggle
lever by means of the piston connecting link. One side of the floating
toggle lever drives the inside brake shoe beams through the associated
connections; the other side of the toggle drives the outside brake shoe
beams through similar parts,

Connected to the floating toggle is a centering unit. This is a spring
mechanism which exerts enough resistance to maintain the floating toggle
lever in such a position that, when the retarder is either being opened or
closed, the brake shoe beams take the proper position with relation to the
rail.

Figure 24 shows the linkage in the open position. With the control lever
in either the first, second or third position, the toggle lever moves until it
makes a slight angle with the toggle connecting rods as illustrated in Fig.
25. This angle is great enough to permit the reaction caused by a car
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entering the retarder to tend to drive the piston back. Thus, in these three
positions the general principles of the earlier designs of electro-pneumatic
retarders are followed, using springs for the initial shock and wheel varia-
tion compensation and an air cushion for the-retardation.

Pig. 24.
Linkage of Model 28 Retarder in Open Position.

With the control lever in the fourth position, however, the toggle lever
forms nearly a straight line with the outer driving links as shown in Fig.
26. Thus, although it does not come into a dead center position, its posi-
tion will be close enough to dead center so that with the air pressure ap-
plied (regulated by the control circuit), there will be no movement of the
piston during retardation. Therefore, in the fourth position the retardation
is obtained by the deflection of the springs, and the air is used only to
hold the toggle in place. If a locomotive, with its comparatively wide
driving wheels, should move through a closed retarder, the greater move-
ment of the brake shoes and the consequent greater deflection of the springs
causes the toggle to “break” and the parts take the position shown in
Fig. 25.
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Fig. 25.
Linkage of Model 28 Retarder in PFirst, Second or Third Position.

Fig. 286.
Linkage of Model 28 Retarder in Fourth Pesition. .
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Referring to Fig. 27, note that the centering unit C, consisting of a
double-acting spring and. housing, tends to keep the brake shoes always in
proper relation to the rails as it opposes movement of lever E. The initial
compression adjusted into the centering spring is sufficient to overcome any
ordinary friction which would tend to prevent the shoes from closing or
opening properly with relation to the rail. .

When a car enters the retarder, the reaction of the two inside sets of
brake shoe beams is opposed to the reaction of the two outside sets of
beams. This construction equalizes the pressures of the brake shoe beams
and at the same time provides a centering force which rmaintains the
center line of the trucks over the center line of the track. This condition
of balance or equalization holds because the floating toggle lever is free
to move, relatively speaking, lengthwise of the retarder.

When too great a retardation pressure is applied to light cars the wheels
may be forced out from between the brake shoes. In such a case the wheels
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Fig. 27.

Diagrammatic Sketch of Model 28 Retarder.

will ride the brake shoes to the end of the retarder and then drop back
on the rail. The guide rails which are built into the end of the retarder
insure that the wheels always drop back on the rail.

The turnbuckles in the toggle connecting rods provide adjustment to
compensate for normal brake shoe wear and reasonable wear in the parts
of the driving linkage. One adjustment is provided for the outside shoes
and ancther for the inside shoes. If it is necessary to adjust any particular
shoes independent of the others or to compensate for wear in the driving
linkage, this can be done by means of the self-locking radius rod adjusting
nut.

Again referring to Fig. 27, note that the arms of the outer and inner
driving cranks are constructed at obtuse and acute angles respectively,
instead of right angles. This provides a linkage that maintains a nearly
constant mechanical advantage whether the retarder is adjusted for new
or worn shoes and results in practically the same open dimension being
maintained for the various conditions of shoe wear without the necessity
of changing the piston stroke.
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The cranks are mounted in heavy “H” beam structures securely riveted
together. (See Fig. 23.)

In detail, the radius rod brake beam assembly has been changed from
that in the Boston type retarders although it is the same in principle. The
radius rod assembly is composed of a radius rod shaped to form a pin at
the brake beam end; a helical coil spring; a self—focking radius rod adjust-
ing nut that adjusts the effective length of the radius rod without affecting
spring adjustment; a spring adjustment nut and a trunnion which is sup-
ported top and bottom.

The heavy top flange of the brake beam and the heavy top plate of the
trunnion bearing plate assembly practically cover and protect the radius
rod assembly from damage. A sectional removable radius rod cover plate
closes the space between the top flange of the brake beam and the top
plate of the trunnion bearing plate assembly. With the retarder in its
closed position and this plate removed, space is provided for tie tamping.
The trunnion bearing plate assembly, supporting the brake beams and
driving bars and the trunnion ends of the radius rod assemblies, is com-
posed of two pairs of heavy plates, one pair on either side of a given rail;
all four plates securely tied together in their proper position by cast
steel yokes.

The arrangement of the radius rods and the relation between the brake
beams and the driving bars allows the inner edge of both the outside and
inside brake beams, which carry the brake shoes, to rise about an inch as
the brake shoes engage the car wheels, thus providing a higher grip (3
inches above top of rail) on the car wheels and greater retardation. Since
the shoes lift only when a wheel engages the retarder, the usual clearance
limitations exist.

The brake beams at each end of the retarder are flared out from the
rail to provide for the customary wider opening between shoes at both
ends of the retarder which gives a smooth entrance condition. The entire
structure is securely fastened to ties which act as a foundation.

Connected to and mounted with the brake cylinder is an electro-pneuma-
tic valve by means of which the desired control of the retarder is obtained.
This control valve assembly, Fig. 28, consists of the control valve, a three-
step pressure regulator, a single-step pressure regulator, a circuit controller
and a rectifier.

The control valve consists of four electromagnets, A, N, R and X, to-
gether with their associated valves and pistons. They are similar in con-
struction to those described in Chapter XVIII—Electro-Pneumatic Inter-
locking under the heading “Switch valves.”

The three-step pressure regulator, Fig. 28, is used with all types of
electro-pneumatic retarders. It consists essentially of a small pipe to which
are fastened three Bourdon tubes such as used in pressure gages of various
kinds. The pipe is connected to the operating portion of the brake cylinder
to the right of the main piston so that the air pressure in the brake
cylinder is always the same as in the pipe and the Bourdon tubes. The
characteristic of these tubes is that they tend to straighten out as the
pressure in them increases. They are provided, on the end, with a contact
finger which, in conjunction with adjustable contact screws, close or open
certain circuits depending on the pressure in the tube.

The single-step pressure regulator, Fig. 28, is the same as the three-step
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regulator except that it has only one tube and is connected to the non-
operating portion of the brake cylinder to the left of the main piston.

The circuit controller is similar to those used on electro-pneumatic inter-
locking machines and is actuated by the movement of the main piston by
means of a mechanical connection to the floating toggle lever.

The rectifier, Fig. 28, of the copper-oxide type, is used simply as an
electrical check valve to permit reducing the number of wires required
between the control machine and the retarder.
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Fig. 28.
Control Valve Assembly for Model 28 Retarder.

Figure 29 illustrates the control circuit for the Model 28 retarder. As
shown, magnets A, N and R are de-energized, magnet X energized. In all
closed positions air is admitted to the rod side of the main piston.

In first, second and third positions, air at full pressure is admitted to
the rod side of the auxiliary piston. The auxiliary piston is thus held at
the inner end of its stroke in these positions and acts as a stop for the
main piston, to limit its travel. In fourth position the air is vented from
the rod side of the auxiliary piston and the auxiliary piston is then pushed
back by the main piston so that the opening between the brake shoes is
slightly less in fourth position than in the others, and also the toggle is
almost in its dead center position.

In fourth position, air at full pressure is applied to close the retarder
until the piston comes within an inch of the end of its travel while moving
toward fourth position. Between this point and the end of the stroke the
air is governed by the setting of the pressure regulator 4P.

In third position, air at full pressure is admitted to the rod side of the
main piston and to the rod side of the auxiliary piston.

In moving from fourth to third position, air at full pressure is applied
to the rod side of the auxiliary piston which moves both pistons back to
the third position. When the main piston reaches third position a contact
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Control Circuits for Model 28 Electro-Pneumatic Retarder.
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in the circuit controller is closed, admxttmg air at full preasure to the rod
side of the main piston.

In moving from open to the first and second positions, the pressure
regulator is shunted and air at full pressure is admitted for about one-third
of the stroke, the air is then allowed to expand or is maintained above the
setting of contact R until the piston is within from 614 to 9% inches of
its final position when contact X is closed and the pressure-is controlled
to a value between the setting of contacts X and R, where it is maintained.

In opening the retarder, air on the rod side of the main piston is vented
and air admitted through valve A to the rod side of the auxiliary piston
and to the space between the two pistons. The single-step pressure regula-
tor controls valve A when opening the retarder and thus regulates the
pressure used. When the retarder has almost reached its full opened posi-
tion magnet X remains energized although magnets A and N are de-
energized. The air between the two pistons is thus retained and the retarder
is moved to its full opened position by the expansive power of the air.

Assuming that the retarder is open, as in Fig. 29, all magnets except
magnet X de-energized, and the air vented, the principle of the circuit may
be illustrated by following through the operation of one circuit in second
position. The control lever is moved to second position, positive battery
over wire C12, through coils of magnet R, over wire P, through contact
2PF on circuit controller, over wire 2P, through rectifier D, over wire
1P2P, through contact on control lever closed in second position, over
wire N12 to negative battery. Magnet R is energized and air at full pres-
sure flows to the rod side of the main piston starting the retarder toward
the closed position. As soon as the piston has moved enough to close cir-
cuit controller contact ZP circuit Z is completed, energizing magnet A and
admitting air at full pressure to the rod side of the auxiliary piston, moving
it to the inner end of its travel.

When the piston has moved to within about 9 inches of its final posi-
tion, contact 2PF on the circuit controller is opened, de-energizing magnet
R thereby cutting off air at full pressure and removing the shunt from
contact 2P on the pressure regulator. The piston continues to move under
the expansive power of the air already admitted, until the pressure drops
to the value at which contact R on the pressure regulator is adjusted to
close. Contact 2P on the pressure regulator is set at 28 pounds, so that
this pressure is maintained in the cylinder. If the pressure should rise
above 40 pounds (because of the movement of the piston as a car goes
through the retarder or because of leakage into the cylinder) contact X of
2P will be closed and the excess air vented through valve X. Other circuits
produce approximately the same operation of the magnet valves but differ
slightly in arrangement of rectifier and contacts. The operation of these
circuits may be followed in much the same manner.

The Model 28 retarder is equipped throughout with pressure grease

fittings and is manufactured in two lengths, 38 feet 6 inches and 31 feet
2 inches.

Electro-pneurnatic retarder, Model 31.

The Model 31 retarder shown in Fig. 30 was designed to make available
a retarder that would be at least as powerful as the Model 28, that could
be utilized in any lengths required, that could be economically used as
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either a single or double-rail retarder and that would not require tangent
track for its installation.

As of April 1, 1946, the following yards were completely equipped
with Model 31 retarders: Hampton (Scranton, Pa.) on the Delaware,
Lackawanna & Western R. R.; Eastbound and Westbound Enola, Pa.
Yards on the Pennsylvania R. R.; Eastbound and Westbound Clearing, Il
Yards on the Belt Ry. of Chicago; Eastbound Roanoke, Va. Yard and the
Portsmouth, Ohio Time Freight Yard on the Norfolk & Western Ry.;
Westbound Galesburg, Ill. Yard and Eastbound Lincoln, Nebr. Yard on
the Chicago, Burlington & Quincy R. R.; Southbound Potomac Yard
(Alexandria, Va.) on the Richmond, Fredericksburg & Potomac R. R.
An installation of Model 31 retarders was also made in connection with

Pig. 80.
Electro-Pneumatic Retarder—Model 31.

the coal car dumper facilities of the Pennsylvania R. R. at Sandusky, Ohio.
Under construction, as of April 1, 1946, are a yard at Wilcoe, W. Va. for
the United States Coal & Coke Co., Westbound Pitcairn, Pa. Yard on the
Pennsylvania R. R. and Eastbound Cumberland Yard on the Baltimore &
Ohio R. R, which yards will be equipped with Model 31 retarders. In addi-
tion, Model 31 retarders have been installed to replace older types of
retarders in the following yards: Northbound Markham, Il1. Yard on the
Iilinois Central R. R.; Eastbound Allentown, Pa. Yard on the Central R. R.
of New Jersey; Westbound Portsmouth, Ohio Coal Yard on the Norfolk &
Western Ry.; Westbound Sharonville, Ohic Yard on the Cleveland, Cin-
cinnati, Chicago & St. Louis Ry.; Eastbound and Westbound Cedar Hill
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(New Haven, Conn.) Yards on the New York, New .Haven & Hartford
R. R.; Eastbound Pitcairn, Pa. Yard on the Pennsylvania R. R.; Westbound
Russell, Ky. Yard on the Chesapeake & Ohic Ry.; Northbound Potomac
(Alexandria, Va.) Yard on the Richmond, Fredericksburg & Potomac R. R.;
Westbound Marion, Ohio Yard on the Erie R. R., and Eastbound Gales-
burg, I1l. Yard on the Chicago, Burlington & Quincy R. R.

The Model 31 retarder is built on the unit or sectional principle, each
section being 6 feet 3 inches long. It is composed of a series of simple
self-contained interchangeable cylinder units, spaced every third tie (in a
double-rail retarder, on each side of the track), to which the brake beams
and their associated brake shoes are attached.

The air to each cylinder unit is supplied through pipes and hose con-
nections from one electro-pneumatic control valve. The retarder moves tc
its open position by a combination of gravity and spring pressure.

No springs are required to either obtain retardation or take up initial
shock and the retarder adjusts itself to the various car wheel thicknesses
and spacing on axles so that the pressure exerted on the wheels is uniform
and equalized. The tendency of empty cars to be raised, when too great a
retardation pressure is applied, is unusually small. However, guide rails are
provided to prevent derailment of any cars which might be raised.

The cylinder units, Fig. 31, consist essentially of a pneumatic cylinder
and a pair of levers which are connected together and which separately,
and as a unit, swing around a common pin, called the lever fulcrum pin.
This pin is supported at each end in rail support bearings which also
support the rail and are fastened on the ties. The levers are centered with
relation to the rail by means of a spring bolt assembly which is mounted in
a housing formed in the lower lever.

Fig. 81.
Cross-Section of Model 31 Retarder.

When air is admitted to the cylinder, the levers move the brake beams
and shoes into engagement with the car wheels in a manner similar to
the action of a nutcracker. When air is vented from the cylinder, the upper
lever, which carries the outside brake beams, moves to its open position
by gravity and comes to rest when the upper lever spring nuts hit bosses
provided on the rail support bearings. (Fig. 31.) The lower lever which
carries the inside brake beams, moves to its open position through the
combined effect of gravity and the lower lever return spring, and comes to
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rest when the piston is pushed all the way back in the cylinder. The upper
stop.- spring and .centering spring arrangement are so designed that, with
the retarder in either its closed or open position, the levers and cylinder,
and their associated brake beams and shoes, can swing as a unit about the
lever fulcrum pin an amount equivalent to at least one-half inch travel of
the brake shoes either side of their positions shown. With the retarder in
the closed position, this permits the brake shoes to adjust themselves to the
various spacing of car wheels on axles, and with the retarder in the open
position permits the brake shoes to adjust themselves to the passage of
locomotives having unusually wide driving wheels,

The control circuit, as well as a diagrammatic view of the control valve
and pressure regulator, is shown in Fig. 32. The operation of the pressure
regulator is similar to that described for the Model 28 retarder. In the
fourth step of retardation, air at full pressure is used.

Switch Layouts

In retarder yards the necessity for a very compact layout has led to the
occasional use of lap switches. Figure 33 shows a plan of the switch layout
for a lap switch.

e TR

MR NA W L roTs e

Fig. 83.
Lap Switeh Layout.

Figure 34 shows the location for insulated joints for track circuits at
single and lap switch layouts. It will be noted that in a lap switch layout,
three separate track circuits are employed, the first and second circuit pro-
tecting the first switch and the second and third circuit protecting the
last switch.

It will be noted that the track circuits as specified are at least 55 feet
in over-all length and have a length ahead of the points which is sufficient
to permit the complete operation of the switch machine within the time
required for a car to move this distance.

40




/Mmmms.mcumwm

: [ &' ______1 (5'“
-8 i e e § e e e et b
L\ 2r'aw 51 e 51 ptewy i lemeom
: |
710 ey b — l

u)anouummvnummcmr_</
DOES NOT EXTEND THROUTH RETARDER

EC—

REAROER

e o= 30" MM,
18 r 1

praememre i e
M e = e ’ I@
//_—_—--—«———————-——— 55'———--————————41 -

SINGLE SWIT CH 3" ann.

MOTE: mmmmtmmmmnmtmmmwmxmmm v BE 50 FEET.
LENGYH OF TRACK CIRCUCT I% REAR OF SWITCH POSI FOR SPEED OF 15 MPH.
WHICH IS MAXIMUM  SPEED ENCOUNTERED N opm.mm OF RETARDIR YARDS, AND IS
BASED 0N THE FOLLOWING FORBRAA:

S\M\'CM BIACHINE OPERATION 3 ?g StC,

CIRCUIT SHUNT . ~
zs%ncmnwm .24
APPROACH LOCHING REQUIRTD o - = 27 FT.AT 15 MPH.

WHEIRE THESE FACTORS VARY FROM THE ABOVE, APPROACH LOCKING DISTANCE SHOULD BE VARIED ACCORTINGLY.
NSULATED JOINTS MAY BE MACED 1% ORPOSITE RAIL IF DESIRLD.

Fig. 34.
Liocation of Insulated Joints for Track Circuits for Switches
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General principles.

The switch is quick in movement, requiring not more than one second
to operate.

Switch machine does not need to be reversible in midstroke since the
time available is not sufficient to permit making such an operation.

Switch may or may not be protected by track circuits, depending upon
the type of layout and local conditions,

Indication at the control machine is of advantage but not necessary.

It is possible to trail through the switch points without damage to the
points or the switch machine.

A target or light is provided at each power-operated sthch to indicate
the position of the points.

Power Switch Machines

Model 6 switch machine—Electric operation.

The Model 6 switch machine is mounted on tie plates on the end of
two ties similar to switches in electric interlocking. Figure 35 shows the
machine with covers removed. The motor and train of gears are similar
to those described in Chapter XIX-—Electric Interlocking. The connection
to the throw rod, however, differs because of the trailable feature. Two
levers, one fitted with a roller and called 'the “lever” and the other fitted
with a cam and called the “cam’” are pivoted from the bottom of the case
and provide a medium for driving the throw rod. They are connected to-
gether and normally move as a unit because the roller is held by spring
pressure into a detent in the center of the cam. A roller on the other end
of the lever bears against a cam in the main driving gear which causes the
unit to pivot and the throw rod is connected to the other end of the cam
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Fig. 388.
Diagram of Model 6 Switch Machine.




by means of a roller and fork arrangement which causes the throw rod
to move.

For normal operation the two levers move as a unit, but if the switch
is trailed through, only the cam is moved and since the roller which rests
in the detent of the cam is moved out of the detent, the cam is allowed
to pivot with respect to the lever. Sufficient stroke is provided either way
from the detent so that regardless of the position of the switch a full
movement of the points can be obtained by trailing through without the
necessity of moving the lever connected to the main gear.

After a switch has been trailed through, as previously described, it is
necessary to move the control leyer to the opposite position so that it will
agree with the switch points at whi pme the roller will drop back in the
detent and again connect the lever and cam together. From then on the
machine operates as formerly.

This trailable feature also serves to make the switch machine reversible
even though the points may be blocked since there is sufficient power to
force the roller out of the detent in the cam thus accomplishing the same
result as when a switch is trailed through. Hence it is impossible to stall
the motor by obstructing the points and, therefore, fuses are never blown
unless short circuits are developed.

A further use is made of the trailable feature in that the cam is used
for point detection. On the cam is mounted a second cam which operates
the point detector. Adjustments as close as 4 inch between the point and
stock rail are indicated. Contacts, also controlled from this indication cam,
are used for selecting indications.

The pole changer is mechanically operated from cams attached on the
edge of the driving gear. This necessitates, therefore, that the stroke be
completed once it has started since otherwise the circuit could be opened
and the points left on center. Transformers for indication lights are fre-
quently mounted in the switch machine. When track circuits are used an
auxiliary case is mounted on the end of the machine for housing the
track transformers, resistances and occasionally a rectifier.

Figure 36 shows track and control circuits for Model 6 switch machine
including the control lever, lever lock and indication lights. The circuits
for the switch operation are similar to that used in electric interlocking
with the exception that the reversible pole changer coils are omitted.

Where track circuits are used, they are usually operated from an alter-
nating current source and a rectifier to operate a direct current relay. The
relay has an independent coil which is connected in the operating circuit
of the switch machine, which provides, first, that in order to energize the
relay the track circuit must be unoccupied, and, second, that once it has
been energized and the switch machine operation is started, the track cir-
cuit can be shunted and still maintain closed contacts in the relay until
the switch machine operation is completed. This insures that once the
switch has started to move, it will continue until the operation is com-
pleted. Therefore, in laying out the track circuit enough distance ahead
of the points is provided so that, at average normal speeds, the car will
not reach the points before the switch movement is completed. The shunt-
ing time of the track circuit is also a factor in the distance required ahead
of the points. With the alternating current-direct current track circuit the
track relay is shunted in from 0.05 to 0.08 second.
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The lock on the control lever is in series with the operating circuit and
is energized immediately. the .control lever is operated, thus locking the
lever in that position until the movement of the switch machine is com-
pleted. This prevents another movement of the control lever which if made
prior to the completion of the switch machine operation might open the
operating circuit and leave the switch points on center.

Other types of track circuits are in use but the general principles em-
ployed are similar to that already described.
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Track and Control Cireuits for Model 6 Switch Machine,

Direct-acting switch movement— Electro-pneumatic operation.

The direct-acting switch movement, Fig. 37, consists essentially of an
air cylinder, the piston rod of which is connected directly to the throw rod
of the switch, and two electromagnets, one of which controls the normal
position of the switch, the other the reverse position. It is very similar to
the switch valve and cylinder described in Chapter XVIII-—Electro-Pneu-
matic Interlocking, except that the lock magnet and the locking device of
valve D is not used. As no lock rod, lock magnet or motion plate is used
with this switch movement, the switch may be trailed through at any time,
the air in the cylinder merely acting as a cushion. When track circuits are
used, the control circuit is arranged so that, as the switch is trailed, the
operation of the switch circuit controller causes air to be so admitted to
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the cylinder as to hold the switch in its trailed position until the track
circuit again becomes clear, when the switch will return to its original
position. .and again be in. agreement with the control lever. Thus, if an
engine, with or without cars, trails partly through the switch and then
reverses its direction, there is no splitting of the switch.

Fig. 87.
Direct-Acting Switch Movement—Electro-Pneumatic Operation.

Figure 38 shows track and control circuits for a direct-acting switch
movement. When the track circuit is occupied thereby shunting the track
relay, energy is maintained by a holding circuit (wire B12A) on the
normal or reverse magnet, as the case may be, depending on which magnet
was energized at the time the relay was shunted. Due to the speed of the
direct-acting switch movement as well as the speed of the shunt of this
circuit a distance of 22 feet ahead of the switch point for the beginning
of the circuit is ample for any ordinary yard speed.

The two position cam in the switch circuit controller is adjusted to open
and close at midstroke. With this arrangement, if a switch is trailed
through, the switch points are held in the trailed position as long as the
track circuit is occupied. When the track circuit is vacated, the points
return to their former position corresponding to the position of the switch
lever in the control machine.

Skate Layout

Skates are used in some classification yards as an emergency measure {o
stop cars.

General principles.

The device is quick in movement and does not take more than one second

from the time the control lever is moved before the skate is placed on the
rail.
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Skate machines are reversible in midstroke so that if the skate is thrown
against a wheel it may be returned to its original position.

The connection between the skate and the support is such that the skate
can be taken away by the car wheel without shock to the mechanism.

The skate, after being taken by a wheel, is carried back and placed on
the skate clip by hand. Usually, the yard crew, when taking the car off the
skate, brings back the skate and the maintainer places it on the skate clip.

Skates are located on each classification track about two or three hun-
dred feet beyond the switch at retarder end of yard.

Power Skate Machines
Electric operation. ’

The electric skate machine, Fig. 39, consists of a train of gears driven
by a reversible motor, the shaft of the driving gear being extended through
the housing and equipped with a crank to which a link is connected for
the purpose of moving the skate clip. The skate is attached to the clip
by means of a wedge arrangement and ball and detent. The wedge is
parallel to the track and the skate slides off easily when the car wheel
takes it away. A ball, backed up by a spring in the skate, is pressed into a
detent in the wedge which holds the skate from vibrating off the wedge
when it is not placed on the rail. A magnetic shoe type brake, connected
in series with the motor, is used for stopping and holding the skate in the
open or closed position. Contacts, operated by cams, are used as a con-
troller to open or close circuits at the proper time.

Fig. 89.
Power Skate Machine—Electric Operation.

47



The circuit for controlling the movement is shown in Fig. 40. The control
lever has two positions and in one position energizes one of the field coils
for one direction of rotation and in the other position energizes the other
field for the opposite direction of rotation. The controller contacts are in
series with the control wires and cut off power at the proper point to stop
the mechanism without over-run.
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Electro-pneumatic operation.

The electro-pneumatic skate machine, Fig. 41, is a simple arrangement
of levers by which the movement of a piston in a small cylinder places the
skate on the rail when the piston moves out, and removes the skate from
the rail when the piston returns. The admission and release of air for this
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Tig. 41,
Power Skate Machine—Electro-Pneumatic Operation.

cylinder is controlled by one magnet, which, when energized, admits air
to the cylinder, forcing its piston out and thus placing the skate on the
rail. When this magnet is de-energized, air in the cylinder is exhausted to
atmosphere and springs force the piston back, removing the skate.

The control circuit of two wires is controlled by the operation of a toggle
switch in the control machine.

Control Machine

Control machines are located in towers at strategical points in the yard.
From these points of vantage, operators can see the entire switching area
and judge quite accurately the speed at which cars are traveling. These
towers are so located that the operators can see approximately the amount
of space left on each track and release cars into these tracks at speeds
which will carry them either to couple or very nearly so. The floor of the
tower is usually from 15 to 20 feet above the top of rail. Towers are
equipped with windows so set that there is a minimum of obstruction to
the view of the operator.

Usually three towers are used, one located at the junction switch and
the other two further down in the yard, one on one side and one on the
other. The operator in the tower at the junction switch controls the re-
tarders on the hump lead and usually on the sub-leads. The operators in
the other two towers control the retarders in advance of the groups of
classification tracks and the switches in these groups.

In practically all cases the switches immediately in the rear of the
retarders have their controls in the same tower in which the retarder con-
trols are located, since it is better for an operator to adjust car spacing
for the switches he controls.

General principles.

The arrangement of levers in the machine is compact so that a large
number of functions can be controlled by one operator.

The numbering and arrangement of the levers is such that they may be
readily located.

The indications from the various units are provided whenever necessary.
In most cases, indications showing the position of the switch and the occu-
pancy of the track circuit ere provided.
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The control machine is of a design so that an operator may be seated
~ and still have a clear view of the entire yard or at least that section of the
yardk‘upder his control. ,

‘The.control machine is so designed that all levers are accessible for
maintenance purposes without interfering with the operation of the plant.

The control machines are built with a sloping top and with a projection
in the front under which there is room for the operator’s knees. The top

" of the machine is divided into sections or panels. The levers are attached

to the panel which is hinged at the top, thus making the levers easily
accessible for maintenance purposes, Usually the switch levers are arranged
in groups similar to the order in which cars pass through the switches in
the yard. Where there is a junction or lead switch the lever is either
equipped with a red handle or set slightly apart from the other switch
levers to distinguish it from the others. In so far as possible the retarder
levers are located just above the switch levers controlling switches imme-
diately following the retarders.

The numbering of switch levers agrees as far as practicable with the
tracks to which the switch leads. In one method of numbering, for example,
if a switch, when reversed, leads to track 1, the lever is No. 1. In another
method, each switch bears two numbers, the numbers being the extremes
of the track numbers to which the switch leads. For example, if the last
switch led to track 1 when reversed and to track 2 when normal, the lever
number would be No. 1-2. Retarder levers are usually numbered the same
as the switch which is immediately in the rear. Skate levers take the num-
ber of the track on which the skate is located. The switch levers are usually
at the bottom of the panel, the retarder levers next above and the skate
levers at the top, as shown in Fig. 42.

Fig. 42.
Eleetrie Control Machine.
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Electric system. ;

Control machines are shown in Figs. 42, 43 and 44. All levers have a
forward and backward movement, the forward or normal position being
away from the operator. The panels, into which the top is divided, are two
levers in width. The accessibility for maintenance is shown in Fig. 43.

i A A SO NI

Pig. 48.
Flectric Control Machine with Panel Raised.

The retarder lever has five positions, one in the forward position for the
open position and the others for the four steps of retardation. The lever is
held in the various positions by means of a roller, backed up by spring
pressure, dropping into notches (see Fig. 43) and there is a click as the
roller drops into the notch, thus making it possible for the operator to move
the lever to a definite position by listening for the click instead of watching
the lever. Sometimes it is necessary to look at the lever to find out the
position in which it is located and a plate on the front is scribed with
numbers which match with the top of the panel to mark these various
positions.

The switch lever has two positions, forward for normal and backward for
reverse. Indication lights are located directly above the switch lever with
the normal light above the reverse light. At all times, except when the
switch machine is in transit, or when the trailable feature has been oper-
ated by a car or because of an obstruction in the points, the indication
lights agree with the position of the lever.

The switch lever is a large toggle switch so designed that it is impossible
to leave it on center. The drive between the lever and the yoke is positive
so that when the lever is moved the yoke and contacts also move.
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The lock is attached to the bottom of the lever and consists of a magnet
and armature operating a plunger which when the lock is energized ob-
structs the movement of the yoke and prevents the opening of the con-
tacts until the movement of the switch machine is completed.

The skate lever is a smaller toggle switch and is not equipped with addi-
tional features. The toggle is actuated by spring pressure only. No indica-
tion is provided since in most cases the operator can see the skate when
it moves.

The control machine, Fig. 44, in the tower at the junction switch, is
equipped with a switch for turning the switch lights on or off or for dim-
ming them at night, a push button for resetting the main circuit breaker in
the power house and another to sound a siren to call the maintainer. In-
dication lights are provided to show when either alternating current or
direct current power is off. Hump signal indications are repeated in this
tower and a switch is provided so that the operator can set the hump
signal at “stop,” regardless of the desires of the humpmaster, if cars are
being cut off too fast or if there is an accident which might require the
stopping of the hump operation.

Fig. 44.
Flectric Control Machine in Junction Switch Tower.

Electro-pneumatic system.

Control machines are shown in Figs. 45 and 46. The retarder and switch
levers have a horizontal movement, the open position of the retarder and
the normal position of the switch being to the left. The skate lever has
a forward and backward movement, the normal or off position being away
from the operator. i

The control machine illustrated in Fig. 45 has a slightly different lever
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arrangement than that usually provided in that the skate levers are
grouped in much the same way as the tracks.

Pig. 48.
Electro-Pneumatic Control Machine,

The retarder lever has five positions, open to the left and successively
four positions toward the right for the four steps of retardation. The num-
ber plate (see Fig. 46) fastened to the control panel bears corresponding
numbers, to which the lever points. The operator, however, soon gets to
know the feel of the position of the lever and seldom has to look to see in
what position the lever is. The retarder lever is held in the various posi-
tions by a spring-backed ball dropping into notches on a quadrant actuated
by the lever handle, making each position positive,,

The switch lever has two positions, normal to the left and reverse to the
right. Indication lights are so located, Fig. 46, that the lever in the normal
position points to the normal indication light and in the reverse position
to the reverse indication light. Indication lights are not displayed when
the track circuit is occupied thus giving the operator information as to the
location of the car. There is no lock on the lever itself, the switch control
circuit providing circuit locking if the track circuit is occupied. The switch
lever is provided with a toggle so designed that the lever must move to
one position or the other.

The skate lever is also a toggle, and has two positions, on and off.

The control machine in the first tower is often equipped with auxiliary
apparatus, such as a lever controlling the switch lights, a siren to call the
maintainer, and often indication lights repeating the indications of the
hump signal and with a master controller by which the operator can set
the hump signals at “stop,” in case of accident or other necessity, regardless
of the position of the hump signal controller. (See Fig. 54.)
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Power Plant

The type and equipment of the power plant depends upon the type of
retarder, size of the yard, etc. Usually a commercial source of power is
brought into the yard and converted as required, depending upon the
apparatus and its characteristics of operation. Occasionally power is gen-
erated by the railroad company and even then some conversion is provided.

General principles.

The power plant is large enough in capacity to operate the retarder sys-
tem under maximum demand of traffic.

Reserve power is provided so that if the commercial source fails the
plant can be operated for a period of time.

Electric gystem.

A typical layout of a power plant for the electric system is shown in
Fig. 47. . o

Retarders, switches and skates are operated by direct current The
track circuits, signal system and all indication lights are operated by alter-
nating current. The communicating system and especially the teletype
system may be either alternating current or direct current.

Usually a commercial source of alternating current is supplied to the
yard and then converted into direct current or transformed to the proper
voltages of alternating current at the power plant. A number of different
methods are employed, two of which are described.

In some plants an overcompounded motor-generator normally supplying
250 volts with a peak voltage of 265 is used to operate the retarders. This
generator is capable of delivering from 400 to 500 amperes without the
voltage dropping below 230 volts. Usually duplicate motor-generators are
installed so that the operation can be alternated from one to the other,
leaving at least one of them free for maintenance purposes.

A storage battery, varying from 160 to 300 ampere hours in capacity, is
used for a reserve and sometimes this battery is divided, one-half being
used for operating switches, skate and retarder controls, while the other
half is being charged. When the main source of alternating current fails,
this battery is automatically cut in on the feeders of the plant, and opera-
tion is continued without interruption. The battery is charged either by a
motor-generator or a mercury arc rectifier.

In other plants, such as shown in Fig. 48, a diverter pole motor-generator
is used for operating the retarders and for floating the storage battery. The
generator is so designed that, for example, 100 amperes ‘can be taken
directly from the generator for operation and if more than 100 amperes are
required the current in excess of that amount is taken from the battery.

In some cases an induction motor is used to drive the generator but in
others a synchronous motor is used so as to secure the benefits to be
derived in correcting the power factor of the entire system, which may
include shop and enginehouse. This, in many instances, effects substantial
savings in cost of power. -

When the main source of power fails, the battery, being permanently
connected, automatically feeds the retarder system and also the diverter
pole generator which then operates as a motor. If the power plant is
equipped with a synchronous motor the act of operating the diverter pole
generator as a motor drives the synchronous motor which then becomes an
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Fig. 47.

Typical Power Plant Layout for Electric System.
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Pig. 48.
Power Plant Diverter Pole Motor-Generator.

alternating current generator. Automatic controls cut off all alternating
current units from the main source of alternating current and cut them
onto the synchronous motor, acting as a generator. It will be noted that
in this way both alternating and direct current are supplied for the opera-
tion of the retarder system whether the units recuire alternating or direct
current and that this is done without any interruption in the service.

The switchboard is equipped with the various controls necessary for
starting and stopping generators, measuring current.and power, measuring
grounds, selecting feeder circuits, etc.

The main feeders to the retarder circuits are controlled by an overload
circuit breaker on which interlocked contacts are used for indicating
whether or not it is closed. This indication is taken to one of the towers
so that if the direct current power is interrupted the operator can reset
the circuit breaker immediately without calling a maintainer.

The main source of alternating current is controlled automatically so
that if the alternating current source fails the line will be cut off the plant.
An indication of this is given in the tower.

Circuit plan, Fig. 49, shows typical wiring for a power plant using the
diverter pole type motor-generator.

Direct current at 265 volts from the generator flows through overload
relay coil, through main circuit breaker contacts and then out to the several
yard units. The reverse-current relay contact is in normal position N, as
shown, and the auxiliary relay is energized through the normal contact of
reverse-current relay.
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Fig. 49.
Wiring Diagram of Power Plant Using Diverter Pole Generator
with Synchronous Motor Drive.



Alternating current from the 440-volt line energizes relay 1 and through
its front contacts feeds the primary of the 3 kv-a. transformer which sup-
plies alternating current at 80 and 110 volts to the yard units.

In the event of an overload, the overload relay contact opens de-energiz-
ing the main circuit breaker coils, the breaker trips out and opens the
main 265-volt direct current circuit. The circuit breaker can be reset by
means of a push button at the power station or in the nearest tower.

When an alternating current power failure occurs, direct current at 265
volts from the storage battery serves the plant. The generator inverts and
operates as a motor, from the storage battery. The reverse-current relay
reverses, its contacts assuming the R position, thereby shunting the coil of
the auxiliary relay. The opening of its front contact trips the motor starter
thereby opening contacts which prevent the synchronous motor (now oper-
ating as an alternator supplying alternating current 440 volts) from feeding
back to the 440-volt liné: Alternating current from the alternator is now
supplied through the back contacts of relay 1 (which was de-energized
when alternating current failure occurred) to the primary of the 3 kv-a.
transformer and from the transformer to the various yard units.

Electro-pneumatic system.

The power requirements for the electro-pneumatic car retarder system
consist of a supply of 12-volt direct current energy and a supply of com-
pressed air at approximately 100 pounds pressure. A supply of alternating
current for charging batteries and sometimes for compressor operation is
alse required.

The 12-volt direct current energy is usually supplied by storage battery,
charged by copper-oxide rectifiers (see Fig. 50).

Fig. 50,
Sturage Battery with Charging Rectifiers.
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Fig. 51,
Storage Tanks and Atmospheric After-Coolers.

Pig. 52.
Motor-Driven Air Compressors.
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Many hump yards are located near car or locomotive shops, which use
a considerable amount of compressed air and are already provided with
compressor plants. In a majority of the electro-pneumatic retarder installa-
tions the compressed air is supplied from such a central plant. Sometimes
it is advisable to install additional storage tanks and atmospheric after-
coolers near the retarders where the line from the central compressor plant
ties into the retarder system. Such an installation is shown in Fig. 51.
Where a central compressor plant is not available other means must be
provided. Usually a small power house is built housing two or three com-
pressors, storage batteries and rectifiers. A switchboard is seldom used.
When two compressors are used, each has capacity to take care of the
maximum conditions, one being held in reserve. When three compressors
are used one is normally running, the second cuts in when required and
the third is held in reserve. Such compressors are usually motor driven and
are automatic in their operation. Figure 52 illustrates such compressors.

Just outside the power house an installation of storage tanks and after-
coolers is provided, Fig. 51, similar to that sometimes provided when the
air is obtained from a central point.

The provision of the alternating current power supply varies with local
conditions, commercial power available, existing facilities, etc., so that no
definite general practice has developed. ’

In emergency, the storage battery provides sufficient reserve for supply-
ing the direct current. For emergency compressed air, there is usually a
convenient connection made into the air piping system in such a way that a
locomotive air pump can supply the compressed air for the system.

Signal System

Signals are required to control the movement of trains to and from the
hump and to indicate the speed at which trains are to be pushed over the
hump and to protect movements in the switching area.

The hump signal located at the hump governs movements from any
track of the receiving yard. Instructions are given to the hump engine
crews, if there are more than one, as to which is to come first.

Repeater signals, when used, are located at frequent intervals so that in
foggy weather the enginemen are able to determine the indication of the
hump signal at all times.

The aspects and indications recommended by the Signal Section, Asso-
ciation of American Railroads, are as follows:

Aspect Indication
Red Stop
Green Proceed at normal hump speed
Yellow over yellow Proceed at medium hump speed
Yellow Proceed at slow hump speed
Flashing red Back up
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In some of the installations described in this chapter, the aspects and
indications used are as follows:

Aspect Indication
Green Hump fast or bring train to hump
Yellow Hump slow
Red ) Stop
Yellow over red Back up

Note—Some installations use a double red for a back up signal so
that in case of a lamp failure a more restrictive signal will be
displayed.

A trimmer signal is necessary for controlling the movement of engines
through the switching area. Switch targets or lights are used to indicate
the position of each switch. An engine on a classification track is not
allowed to move into the switching area until the switches are in proper
position even though the trimmer signal may be displayed for movements
through the switching area.

The aspects and indications recommended by the Signal Section, A.A.R,,
are as follows:

Aspect Indication
Red Stop
Yellow Trim

In some of the installations described in this chapter, the aspects and
indications used are as follows:

Aspect Indication

Yellow Permits moves through the switching
area being governed by switch tar-
gets or lights

Red Stay in the clear

The controller, for operating the signals, is mounted at the hump and
near the track so that if desired the switchman can reach the lever as he
walks alongside the train.

Different types of signaling systems are used: for example, light signal,
semaphore, and cab signal.

When the semaphore or light signal is used, one is located at the hump
as shown in Fig. 53 and several others are located along the hump lead and
sometimes at a point halfway down the receiving yard so as to provide
an indication for the engineman under all conditions. In some yards masts
are located about 800 feet apart and the signal indicates in both directions
30 as to give a minimum range of vision of 400 feet. This was found of
advantage in a heavy fog.

When the cab signal is used the repeater signals are not installed but
usually the hump signal is employed for the movement of road engines
which frequently pass over the hump after leaving their trains in the
receiving yard and for yard engines not used regularly in humping service.

The continuous inductive system, developed for automatic train control,
is used for cab signals and the indications are provided by code frequencies
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Fig. 68.
Hump Bignal with Controller.

transmitted through the rails or through wires attached to the rails and
back over a line wire. Circuits for individual receiving tracks are selected
by switch circuit controllers operated by the switch points at the hump
end of the yard. With such an arrangement, the priority of trains moving
out of the receiving yard can be set up whereas with' fixed signals the
enginemen must be instructed prior to their leaving the hump.

In some yards a track circuit is located in the track approaching the
hump and is used in interlocking the hump signal with the trimmer signal
in such a way that both signals may be cleared if the track circuit is not
occupied. This permits the trimmer engine to work in the switching area
at the same time a train is being brought to the hump and provides for
the display of a stop indication in the hump signal as soon as the first car
of the train arrives at the hump. The track circuit extends far enough
ahead of the hump to give the engineman time to observe the change in
indication and stop his train. In a number of yards this track circuit does
not affect the interlocking of the hump and trimmer signals and is used
for a different purpose than just described. In these cases, the green is used
in bringing the train to the hump, but as the first car shunts the track
circuit the aspect changes to yellow, or the normal humping speed (see
Fig. 54). This is of particular advantage if the lead to the hump is rather
long.

A special type of controller is used to control the hump signal. It is
usually located close to the track and near the humpmaster’s office as shown
in Figs. 53 and 55. In the controllers shown in Figs. 55 and 56, five posi-
tions are used: hump fast, hump medium, hump slow, stop and back up.
In many cases the hump medium indication is not used.
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Retarder System Signal Control Circuits.



In the controller shown in Fig. 56, a modified table interlocker is used
for selecting the circuits, no trimmer signal being used. When one is used
the lever for its control is located in the same housing. Indication lights
shown at the top, under the hood, repeat the indications displayed on the
hump signal and the trimmer signal when it is used. Relays for the control
of the signals are located in the lower half of the housing.

Fig. 55.
- Hump 8ignal Controller.

In the controller shown in Fig. 55, selection of the circuits is made by
the rotation of a roller equipped with suitable circuit controllers and con-
nected directly to the operating lever of the controller. The small lever in
the lower part of the controller is the trimmer signal control and has two
positions, stop and trim. In this controller the trimmer signal lever and the
hump signal lever are mechanically interlocked so that the trimmer signal
lever cannot be in the “trim’ position unless the hump signal lever is in
either the stop or back up position. In a number of installations this inter-
locking has been accomplished by the circuit arrangement instead of
mechanically. The circuit used with the controller, shown in Fig. 55, is
illustrated in Fig. 54. With this circuit no relays are used except in con-
nection with the approach track circuit.

Communicating System

Means of communication is important, it being necessary to transmit car
lists to the humpmaster and operators so they will know the tracks to
which cars are to be switched. Verbal communication is necessary in case
changes have to be made in the lists due to errors in tabulation or due to
changing the assignments of classification.
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Fig. b6.
Hump Signal Controller.

Teletype.
The teletype system consists of a master or sending machine usually

located in the yardmaster’s office. This machine not only sends the infor-
mation to the various locations around the yard but also prints a copy at
the yardmaster’s office. Receiving machines are located at the hump and
in each of the control towers. The machines are mounted on a steel frame
understructure and provided with a soundproof housing as shown at the
left in Fig. 44.

Pneumatic tubes.

The pneumatic tube system consists of tubes extending from one point
to another, machines being used on each end to introduce air behind a
carrier, thus driving it through the tube. Messages are transmitted by
means of this apparatus,

Tubes connect the yard office with the receiving and departure yards for
transmitting waybills, and occasionally with the hump office and each of
the towers for transmitting hump lists to operators. When tubes are used
for the purpose last named the teletype system is not used.

»
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Telephones.

Telephones are located in the yard office, the towers and other points
where required. In addition, loid speaker systems are sometimes used. The
receiver horn for such an installation is illustrated in Fig. 53, and the
transmitter is shown in Fig. 44.

Locomotive communication.

The system for communicating with locomotives provides either one or
two-way voice communication, usually between the humpmaster and the
enginemen on the hump and trimmer engines. In the two-way system,
transmitting and receiving equipment, equipped with loud speakers, is
located at the hump office and carried by the locomotives normally in-
volved in hump operation. In the one-way system, the hump office has only
a transmitter and the locomotives only receivers equipped with loud
speakers. Each station can be provided with a visual indicator which indi-
cates whether or not the system is operative. Power for operation may be
derived from whatever source is available either at the hump office or on
the locomotive.

Loud speaker.

A loud speaker system is usually installed between the humpmaster,
hump conductor and the retarder towers, for use in changes in the switch
list, etc. Recently, “talk back” loud speaker installations have been made
to give instructions to and receive information from field men, car in-
spectors, and similar employees.

Piping

Main and branch piping and connections are installed in the same
general manner as is covered in Chapter X VIII—Electro-Pneumatic Inter-
locking.

Wiring

The usual wiring practice followed in interlocking is followed in retarder
systems,

' Flood Lighting

Flood lighting is very important for retarder operation since it is neces-
sary that the operator see the cars and their location with respect to
switches so as to control the speed of the cars and throw the switches at
the proper time. A typical layout of flood lighting is shown in Fig. 57.

Hot Qil Plant

In severe winter weather some difficulty was experienced with the free
running of empty cars into clear. Hot oil, introduced in the journal boxes
as a car moves over the hump, tends to reduce the rolling resistance and
thereby provides for better operation.

An oil tank with arrangements for heating is installed approximately
100 feet ahead of the crest of the hump. The oil is taken through under-
ground pipes, one pipe to each side of the track and a hose, fitted with a
nozzle, is connected at this point. Air pressure is applied to the tank of
oil which provides a pressure at the nozzle.

The journal box covers are lifted by the inspectors in the receiving yard
and as the cars move up to the hump a man on each side of the track
introduces a small amount of oil directly on the journal and then closes
the journal box. (See Fig. 58.)



Pig, §7.
Flood Light Layout.

ig. B8.
Hot Oil Injector.
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