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FOREWORD

This final report was prepared by Bendix Research Laboratories,
Bendix Center, Southfield, Michigan 48076, under USBM Contract HO0110896.
The contract was initiated under the Coal Mine Health and Safety Program.
It was administrated under the technical direction of the Pittsburgh
Mining and Safety Research Center with Mr. E. A. Curth acting as the
Technical Project Officer. Mr. J. A. Herickes was the Contracting Offi=
cer for the Bureau of Mines.

This final report (BRL/TR-74-7173), Automatic Brakes for Mine-

Track Transportation Systems in Underground Coal Mines, was prepared by
A. M. Kiwior of the Applied Mechanics Department, under the direction

of M. H. Cardon of the Automotive Program Management Center. Signifi-
cant contributions to the investigations, design, development and system
installation were made by A. Blatter, J. R. Lorraine, and D. R. Sproule.
Consultation was provided by G. L. Judy of the mine consulting firm of
George L. Judy Associates.

This final report is a summary of the work completed on this con-
tract during the period of June 1971 to July 1974. This report was
submitted by the author in December 1974,
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SECTION 1
INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

In 1969, the Congress of the United States declared that '"the
first priority and concern of all in the mining industry must be the
health and safety of its most precious resource - the miner." Therefore,
Public Law 91-173, Federal Coal Mine Health and Safety Act of 1969, was
enacted.

Since haulage accidents account for a high percentage of coal mining
accidents, Section 31l4e, "Hoisting and Mantrips," was included in the law.
This section states: '"Each locomotive and haulage car used in an under-
ground coal mine shall be equipped with automatic brakes, when space per-
mits. Where space does not permit automatic brakes, locomotive and
haulage cars shall be subject to speed reduction gear, or similar de-
vices approved by the Secretary which are designed to stop the locomo-
tive and haulage cars with the proper margin of safety."

The contract "Automatic Brakes For Mine-Track Transportation Systems
in Underground Coal Mines" was issued by the U.S. Bureau of Mines to
Bendix Research Laboratories to further the development of such systems.

1.2 SUMMARY

The general scope of the work performed during this contract was
the design and development of automatic braking gear and standards for
use in coal-mine track haulage systems, equipping a battery-powered loco-
motive operating with five coal-haulage cars at the Bureau of Mines'
Safety Research and Experimental Coal Mine with the system developed,
and demonstrating the use and adequacy of the system.

Specifically, the following major tasks and this final report were
completed:

® A report, '"State of the Art of Underground Coal Mine Tracked
Vehicle Brake Systems,'" was compiled and published. This
report is a summary of information concerning coal mine trip
practices and equipment used in United States and foreign mines.

© A fail-safe automatic braking system was designed and installed
on the U.S. Bureau of Mines' Bruceton electric-powered locomo-
tive (4 tons), and five 2-ton capacity coal haulage cars shown
in Figure 1-1. The concept of the fail-safe brake system is
that the brakes are applied at all times and can be released
only if all the brake system components function properly.
Thus, any brake system failure will result in a brake applica-
tion. A speed sensor, controlled by the locomotive forward-axle
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Figure 1-1 - View of Bruceton Mine Electric Locomotive and Coal Cars

drive chain, will limit the trip speed to 6 mph by applying

the brakes if a speed over 6 mph occurs. If a trip separation
occurs, the pneumatic intercar connection will automatically
disconnect and brakes are applied. Also, a latching mechanism
is provided so that the car brakes may be left inactive, thereby
allowing the cars to be moved freely through dumping and loading
areas.

® Maintenance of the modified Bruceton locomotive and five coal-
haulage cars was conducted for a period of six months after the
Bureau's acceptance of the braking system.

® A manual, "Maintenance Manual for the Bruceton Locomotive and
Haulage Cars Modified under Contract H0110896," was prepared
and published which serves as an all-inclusive brake system
reference for the modified rolling stock.

© A report was prepared and published which contains a '"Recommended
Regulatory Standard for Automatic Air Brake Systems on Mine-Track
Transportation Systems in Underground Coal Mines." This recom-—
mended regulatory standard establishes performance and equipment
requirements.
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The hardware feasibility of the automatic brake system has been
demonstrated. The implementation of the hardware, an objective of this
contract, has been successful. The next logical step is to modify and
adapt this type of braking system to a larger, more conventional-sized
locomotive and coal haulage cars, a task for a follow-on phase.



SECTION 2
PREPARATION OF THE ''STATE-OF-THE-ART'" REPORT

The objective of preparing this report was to gather information
concerning coal mine trip practices and equipment used in United States
and foreign mines. The information was gathered from literature published
in this field, visits to typical United States production coal mines, and
consultation with coal mining authorities. Included in this report are
descriptions of existing brake systems used on tracked vehicles and the
areas which will be affected by adding brakes to the cars.

Specific areas of interest were: brake systems, couplers, car
trucks, and car handling procedures. Problems related to adding brakes
to the haulage cars appear to be: the limited amount of space to mount
the brakes on the cars, brake line connection between rotary dump cars,
achieving desirable braking characteristics without over-complicating
the system, and keeping the cost of installation reasonable.

In general, it is observed that existing mining equipment is rugged,
simple, and effective, and any additional equipment should be designed
accordingly.

Included in the state-of-the-art report is Appendix A, "Locomotive
and Car Operation Requirements' which has data extracted from the report
published by E. A. Curth of the USBM entitled '"Causes and Prevention of
Transportation Accidents in Bituminous Coal Mines;'" Appendix B, ''Tracked
Vehicle Brake Practice," which has data extracted from the 1961 Car
Builders Cyclopedia, published by Simmons Boardman; and Appendix C,
"Electric Locomotive Brake Gear," which has data extracted from the
report by L. M. Szklarski entitled "Underground Electric Haulage."
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SECTION 3
PREPARATION OF THE "RECOMMENDED REGULATORY STANDARD"

The proposed regulations as set forth in the report '"Recommended
Regulatory Standard for Automatic Air-Brake Systems On Mine-Track
Transportation Systems In Underground Coal Mines" are intended to change
mining equipment and practices to provide safe working conditions for
mine personnel., The recommended regulatory standard represents the
accumulation of the best information available from discussions with
mining consultants, observations made at representative mines; investi-
gation of the state of the art of mine locomotive and haulage car brake
systems; review of existing standards and practices; and the design,
development and installation of automatic brakes on a mine electric
locomotive and five coal haulage cars.

This regulatory standard is recommended as a guide in enforc1ng
Public Law 91-173 "Federal Coal Mine Health and Safety Act of 1969."
Its purpose is to insure safe braking performance of mine-track trans-
portation systems in underground coal mines, under normal and emergency
conditions, by defining safety-related functional and performance re-
quirements for the brake system.

The complete report "Recommended Regulatory Standard for Automatic
Air-Brake Systems on Mine-Track Transportation Systems in Underground
Coal Mines" is included as Appendix B of this report.

3-1




SECTION 4
DESIGN AND DEVELOPMENT OF THE BRAKE SYSTEM

The design and development of this brake system was directed speci-
fically to the modification of the rolling stock at the USBM's Bruceton
facility. A four-ton locomotive, and 5 two-ton coal haulage cars were
all modified and outfitted with a Bendix, custom-designed, fail-safe air-
brake system.

The locomotive is a battery-operated electric type, manufactured
by the National Mine Service Company. The end dump, four-wheeled coal
haulage cars were manufactured by the Irvin-Sensenich Company.

4,1 DESIGN PHILOSOPHY

The brake system developed during this contract is designed for
total braking, with a fail-safe operation. The concept of the fail=-safe
brake system is that the brakes are applied at all times and can be re-
leased only if all the brake system components function properly. Thus,
any brake system failure will result in a brake application.

Also, a speed sensor, controlled by the locomotive foreward-axle
drive chain, will limit the speed of the trip to 6 mph by applying the
brakes if a speed over 6 mph occurs.

In the event of an accidental trip separation, the pneumatic inter-
car connection will automatically disconnect and the brakes will be ap-
plied on all vehicles, thereby preventing runaways.

Although the primary advantage of this system is improved safety,
the simplified operation and greater braking response should lead to
greater productivity.

4.1.1 Brake System Design

The fail-safe brake system is implemented by mechanical
springs which provide the brake application energy and a pneumatic sys-
tem to release the brakes. An electric-powered compressor, along with
its air reservoir and all pneumatic controls, is located in the loco-
motive battery box.

Also included in the brake system is an electronically
controlled speed sensor and a runaway vehicle prevention.

Besides the automatic air brake, the locomotive retains
an emergency, manual (hydraulic) brake-override system,

Each of the five coal cars has two sets of brake sub-
systems, one for each side of the car. A latching mechanism, described




in Section 4.3.2, 1s provided so that the car brakes may be left in-
active, thereby allowing the cars to be moved freely through dumping
and loading areas. The latching mechanism can be controlled pneumatic-
ally by the motorman from the locomotive cab or manually by the brake-
man at the car.

4,1.,2 Permissibility

During review meetings with the U.S. Bureau of Mines per-
sonnel, it was determined that the permissibility of the Bruceton loco-
motive be maintained under any modifications. This request was for
compliance with mandatory standards under CFR 75.500(c): "All electric
face equipment which is taken into or used inby the last open crosscut
of any coal mine classified under any provision of law as a gassy mine
prior to March 30, 1970, shall be permissible."

Bendix built the automatic brake system with all permis-
sible components to ensure compliance with the mine regulations and
allow unrestricted use of the equipment under all mine conditions.
Building the locomotive electrical system consisted of purchasing per-
missible boxes within which the electrical components were mounted,
purchasing permissible components, testing some components for intrin-
sic safety, and mounting the system in the locomotive.

"Permissible equipment" is defined by the U.S. Bureau of
Mines in Schedule 2G as meaning "a completely assembled electrical
machine or accessory for which a formal approval has been issued as
authorized by the Director of the Bureau of Mines under Section 212(a)
of the Federal Coal Mine Safety Act, as amended [66 Stat. 709; 30 U.S.C..
Sec. 482(a)]."

Permissible boxes within which the electrical components
were mounted were purchased with standard permissible stuffing boxes.
Several switching componenis were tesited by the U.S. Bureau of Mines
for intrinsic safety. "Intrinsically safe'" is defined as meaning "in-
capable of releasing enough electrical or thermal energy under normal
or abnormal conditions to cause ignition of a flammable mixture of

methane or natural gas and air of the most easily ignitible composition."

A listing of the major components and their permissibility
status are as follows:

(See Table next page)
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Component

Electrical Control Unit

Tie=Point Box

Connector Box
Motor
Solenoid Valves

Two Pressure Switches
Logic Circuit

Pressure Switch, Compressor
Starter

Two Limit Switches
Speed Sensor

Compressor Motor/Starter

Permissibility Status

Mounted in a permissible box,.

Used a permissible tie-in to the
power source, and installed a
permissible circuit-breaker box.

Mounted in a permissible box,
Permissible motor.
Permissible valves.

Tested for intrinsic safety.

Mounted in a permissible box.

Switches mounted in permissible boxes,

Mounted in a permissible box,

Mounted in a permissible box.

The locomotive was inspected and approved as permissible
by the U.S. Bureau of Mines before it was shipped to the Bruceton

facility.
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4,2 LOCOMOTIVE BRAKE SYSTEM DESIGN

The locomotive contains the motorman brake control, all of the
electronic controls, the pneumatic power source, the locomotive brake
linkage, and a manual (hydraulic) override brake. Each of these areas
is described in the following sections.

A schematic drawing of the total pneumatic system with its list
of materials is shown in Figure 4-1.

4,2,1 Operator Control

The brake system of the locomotive and the entire trip is
controlled by a control valve located on the floor of the locomotive
cab. This control valve, shown in Figure 4-2, is operated by a brake
lever which is located for convenient use by the motorman., Originally,
the handle of a mechanical rachet-type brake mechanism was located in
this area. Pulling the brake lever to the BRAKES ON position vents the
brake lines through the control valve and allows the brake springs to
apply force to the brake shoes. When released, the lever is spring-
returned to the BRAKES OFF position. Figure 4-3 shows the brake lever
positions as limited by the control-valve selector plate. Pressures,
as indicated on the brake pressure gage in the cab (P3), are O to 80 psi
for proportional-force brake release, 110 psi for car brake latching,
and 150 psi for car brake unlatching. These pressure levels may be ad-
justed by loosening the lock screw beneath the selector plate and sliding
the stops to the desired new position.

An outline of the control valve and the location of the
brake lever can be seen in BRL Drawing D-2176445 in Appendix A. A cross
section of the control valve assembly is shown on BRL Drawing D-2176447.
The control valve, shown schematically in Figure 4-4, is a pneumatic,
spring-balanced spool valve, which controls the air pressure supplied to
the brakes, The valve spool is 0.75 inch in diameter, and uses a line-
on-line metering edge. Both spool travel-to-vent and travel-to-supply
are 0,20 inch maximum. The output pressure is supplied through an ori-
fice to one end of the spool. The pressure at one end of the spool is
balanced by a spring at the other end of the spool and the spring is
controlled by the brake handle. This valve gives a pressure directly
related to the handle position. When the brake handle is in the normal
operating position, air flows from the supply at the right to the brake
line port. When the pressure in the brake line has built up, the spool
is centered by the brake pressure feedback to the right side of the
spool which is balanced by the spring at the left end. When the brake
handle is moved, the spring force changes and the valve comes to rest
at a new brake pressure.

During development, tests were performed to determine an
optimum orifice size and to insure valve stability. In order to opti-
mize orifice size (to dampen flow between the brake line and spool back-
pressure area), the orifice diameter was increased and the valve was

b4=4



tested to determine the rate at which the spool oscillation dampened.
The orifice, shown in Figure 4-4, was initially drilled at 0.0145 inch
diameter., Succeeding orifices were increased in diameter by increments
of approximately 0.002 inch. For each orifice size, two supply pres-
sures were tested. The brake line pressure was recorded as a function
of time, showing damping rate as the oscillation went to zero. The
final test was run with the orifice removed. It was noted that as the
orifice diameter increased, the high and low pressures became more stable,
and the amplitude of oscillation decreased. It was also noted that as
the orifice size increased, it was more difficult to initiate the oscil-
lation, In one test, with a 0.030-inch diameter orifice and a supply
pressure of 120 psig, a vent was fully opened in the brake line to simu-
late a brake line loss. The valve showed no instability and could not
be made to oscillate. As a result of these tests, the orifice screw was
removed before the valve assembly was installed in the locomotive.

Initially, a dead-man handle and linkage, as shown on
sheet 1 of BRL Drawing D-2176447, was designed, fabricated and tested as
part of the control valve lever. However, after mine operation usage,
the dead-man feature was removed at the request of the Bureau. During
the initial program requirements review, the Bureau requested that a
dead-man approach be utilized on the braking system. During operation
using the original design, the dead-man handle was found to require too
much force to hold it closed for long periods of time. One reason for
this force was the misalignment of the handle with the cable at the end
of the turnbuckle. For this reason, the turnbuckle was replaced with a
thimble and wire-rope clamp, leaving the length adjustment to be done in
the handle as shown in Figure 4-5. To reduce the force still further,
the pivot point on the dead-man handle was moved closer to the cable to
improve the mechanical advantage. In the final rework of the locomotive,
the dead-man portion of the control was completely eliminated. Although
the dead-man handle served a useful function, it was a nuisance to the
locomotive operator and prevented him from using his hand to operate
other controls,

4,2,2 Electronic Controls

The electronic controls for the brake system are all lo-
cated on the locomotive, All electrical power, both 40 Vdc and 80 Vdec,
is taken from the original four 20-Vdc Gould locomotive batteries.

The electronic control circuits associated with this brake
system are protected by fuses located in the motor/starter box as shown
in Figure 4-6. All four fuses in the box are l0O-ampere regular-blow
fuses (Limitron type KTK10 or equivalent). A schematic and wiring dia-
gram of the compressor motor/starter is shown on Control Products, Inc.,
Drawing C-14538 which is included in Appendix A. Also, Figure 4-7, the
wiring diagram of the locomotive, includes the motor/starter schematic.
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Figure 4-1 - Schematic Diagram of Pneumatic System
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4.,2,2,1 Speed Limit Control

The speed limit control senses excessive loco-
motive speed and applies the brakes in order to bring the trip under
control. When the speed exceeds the set speed limit, solenoid Gl, shown
in Figures 4-1 and 4-7, is activated and vents the brake release pressure,
thus applying the brakes. The brakes may be released when the speed has
been reduced below the reset speed by pressing the OVERSPEED RESET button
located on the electronic c¢ontrol unit panel. The electronic control
unit, shown in Figure 4-8, is mounted in the locomotive cab, within con~
venient reach of the motorman. Figure 4-9 is the schematic for the elec-
tronic control unit (ECU) and Figure 4-10 shows the circuit boards inside
the ECU.

In typical usage, when the locomotive speed
reaches a preset speed (6 mph on the original system), the overspeed
control activates the brake system. At this time, the OVERSPEED light
on the ECU panel will light up to indicate that the set speed has been
exceeded. When the locomotive speed is reduced below the set speed, the
RESET light on the ECU panel will light up, and the brake system may be
released by pushing the OVERSPEED RESET button. Each of the three lamps
on the ECU panel incorporate a test feature. The bulbs may be checked
by pressing the LAMP TEST button also located on the panel.

4,2,2,2 Speed Sensor

The final version of the speed sensor used in
the speed limiting control system uses a photoelectric pickup with a
tone wheel driven by the locomotive forward-axle drive chain. (As shown
in Figure 4-12)., The sensor is packaged in a permissible box that is
mounted under the locomotive battery box. The assembly of the speed
sensor is shown on BRL Drawing D-2179167, and its installation is shown
on BRL Drawings D=2179312, D-2176445, and D=2179310 all included in
Appendix A, As the pinwheel teeth pass the sensor, a square-wave sig-
nal is generated by each tooth. The frequency of the square wave is
proportional to speed. The time period of the square wave is compared
with a preset time interval. When the period of sensor signal equals the
set standard, solenoid Gl and the reset system are activated and the
brakes are applied by venting the brake lines. The photoelectric-type
speed sensor was chosen because it does not require critical mounting
tolerances and it is not speed limited. It produces a signal output
down to zero velocity.

The early design proximity speed sensor, using
an Airpax No. 14-0001 zero-velocity pickup, was abandoned when the brake
system was reworked for permissibility. The output of this sensor was
pulsed with a rate proportional to locomotive speed at approximately
6.3 pulses per second per mph. The sensor was mounted in a manner that
placed its active end adjacent to the perimeter of the 18-tooth chain-
drive sprocket on one of the locomotive axles. During usage of this
original system, it proved difficult to maintain the necessary gap be-
tween the sensor and the sprocket (less than 0.030 inch).
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Figure 4-8 - Electronic Control Unit
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4,2,2,3 Electronic Logic for Solenoid Control

All solenoids, in accordance with the fail-safe
design philosophy, are energized during normal operation of the system
so that a power failure will de-energize the system, thus applying the
brakes. A solenoid valve control sequence is shown in Table 4-1,

When the cars are coupled to the locomotive, it
is necessary to unlatch the car automatic brake release mechanism, - Un-—
latching the brakes is accomplished by supplying them with a high pres-
sure. In order to ensure that an adequate pressure is supplied, pres-
sure switch B (Figure 4-7) keeps the locomotive brakes applied while the
cars are being unlatched. An UNLATCH light is located on the ECU panel
which when 1lit indicates that the unlatch operation is required. This
operation is performed by momentarily placing the brake lever in its un-
latch position and then returning it to its normal brakes—off position.

The unlatching system has three sequencing
switches which operate two solenoid valves:

Limit Switches A and AA - Open when car is connected, closed when no
car is connected., (Located on each end of
the locomotive, near the brake-line couplings.
Switch AA is mounted on the cab end, and switch
A is mounted to the battery box end.)

Pressure Switch B - Normally open. Closes when pressure is
150 psi or more.

Pressure Switch D - Normally closed. Opens when pressure is
80 psi or more.

Control Solenoids:

Solenoid Valve C - Normally closed; energize to open. When
closed, isolates and prevents release of
locomotive brakes, allowing the car brakes
to be latched or unlatched. When open,
allows release of locomotive brakes, per-
mitting locomotive to be operated.

Solenoid Valve Gl - Normally open; energize to close. When
open, vents system if Valve C is also open;
vents locomotive brakes only if Valve C is
closed. When closed, allows release of
locomotive brakes.
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Table 4-1 - Solenoid Control Requirements

- , Required
Pressure Condition of Switch Solenoid Condition
Operation Level
(psi) Limit Pressure | Pressure Solenoid Solenoid
A & AA B (NO) D (NC) c (NC) Gl (NO)
1. Locomotive Coupled 0 Open Open Closed Closed Open
to Cars
2. Unlatch Car Brakes 150 Open Closed Open Closed Open
3. Service Braking 0 to 85 Open Open Closed Open Closed
Locomotive and Cars
4. Latching Car Brakes 110 Open Open Open Closed Open
5. Locomotive Operation 0 to 85 Closed Open Closed Open Closed |¥
Without Cars §
«

Switches A & AA: Open = Cars connected; Closed = No cars
Pressure Switch B: NO; Closed if P is 150 psi

Pressure Switch D: NC; Open if P is over 85 psi

Solenoid Valve C: NC; Energize to open

Solenoid Valve Gl: NO; Energize to close

4,2,2.4 Compressor Power Control

The compressor starter is activated automatic-
ally when the electrical system is turned on with switch P, located on
the battery box end of the locomotive, shown in Figure 4-11, and shown
"schematically in Figure 4-7. The compressor starter is a parallel-series
type, for the 5-hp, 80 Vde, Galis motor. The motor is started using
40 Vde from two batteries (one battery bank) for one second, then the
power is switched to 80 Vdc from all four batteries (both battery banks)
for continuous operation. This type of motor/starter eliminates the
need for a large resistor and therefore minimizes the size of the elec-
trical box.

When the air reservoir pressure reaches 300 psig,
the compressor is automatically shut off. When the air reservoir pres-
sure drops to 200 psig, the compressor is automatically started.

The compressor motor is protected by a thermal
overload protector (shown schematically in Figure 4-7) located in the
compressor motor/starter box. If the protector is tripped, it must be
reset by removing the cover of the motor/starter, as shown in Figure 4-6,
and pressing the reset button.
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Figure 4-11 - Electric Locomotive = Battery Box End
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4,2.3 Brake System Power Source

The brake system power source is a pneumatic supply con-
tained within the locomotive battery box. Placement of specific compo-
nents is shown on BRL Assembly Drawing E-2179177 in Appendix A. Before
the locomotive was modified, the four Gould batteries were the only items
in the box. Originally, the batteries were located near the center of
the box but, during modification, they were relocated toward the outside
walls to allow space for the pneumatic supply. The entire pneumatic
supply was assembled in its own box, and then the box was installed in
the battery box as a total subassembly. Also, during this modification,
the original battery box covers were cut down in size so that they now
only cover the battery area of the box. A new, separate hinged cover
was installed to cover the pneumatic supply. The electric motor, motor/
starter box, circuit breaker, pressure switch, and compressor-unloading
solenoid valve are all permissible components. The battery cables are
bolted to connectors within the circuit breaker and are cast in lead at
the battery terminals. All electrical wiring was done according to U.S.
Bureau of Mines Schedule 2G.

The compressor, a Quincy Model Number 325, produces 300 psig
and has an output of 17.4 CFM at O psig. It is mounted in line with its
electric drive motor. The motor is a Galis 5 hp, 900 rpm, 80 Vdc unit.
Between the motor and the compressor is a speed-reducer gear box and a
flexible coupling. The speed reducer is a Rotomission Model HA25-6-2-32-0
which reduces the motor speed from 900 rpm to 630 rpm. The flexible
coupling is a Rex Tru-Flex No. 30 with a 1.375-inch-diameter bore. Bolted
to the coupling is a custom-fabricated fan which cools the compressor
heat exchanger. Also, the fan blows air across the entire compressor by
drawing air from the front of the battery box and allowing it to exit
through the louvered pneumatic supply cover. The system contains a
pressure switch (Switch A of Figures 4-1 and 4-7) mounted to the front
of the battery box, as shown in Figure 4-11, which turns the compressor
on and off as demand requires. The compressor is shut down when a tank
pressure of 300 psig is reached and is restarted automatically when the
tank pressure drops to 200 psig. A solenoid valve (G2 in Figure 4-1)
and an isolating one-way valve (VM1 in Figure 4-1) provide loadless
starting and stopping of the compressor. The air reservoir, with a
capacity of 13 gallons, has a safety valve connected at its base which
is set to release pressures greater than 310 psig. Also, the reservoir
has a manual condensate drain valve which is operated from the locomotive
cab.

Both the compressor and the speed reducer have lubricating
systems that must be maintained regularly. See the System Maintenance
Manual for specific procedures.

4.2.4 Mechanical Brake Linkage

When the locomotive was modified, as much as possible of
the original mechanical linkage was used as shown in Figure 4-12. The
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original main crossbar, as shown in Figure 4-12, and all of the brake
subsystem located between the wheels was retained. (See Figure 4-13).
The original hydraulic cylinder was removed, and a custom spring assembly
was installed in its place. This spring provides a force that is trans-
mitted through the linkage to the brake shoes, holding the shoes against
the locomotive wheels,

A pneumatic cylinder with a 3.0-inch diameter bore was
mounted to the bulkhead, on the centerline of the locomotive; in such a
way that its output acts directly on the crossbar center. This is the
cylinder which, when pressurized, counteracts the force of the brake
spring, thereby releasing the brakes.

The original hydraulic cylinder was relocated in the sys-
tem, It was originally mounted at tje center of the locomotive bulkhead.
An auxiliary cross-member was added which, through its pivot arrangement,
allows the force of the hydraulic cylinder to act through the center of
the original brake crossbar. This hydraulic cylinder continues to serve
as a manual override brake,

All components and links in the mechanical brake linkage
were assembled using bolts. The total mechanical brake system is located
below the bottom surface of the original battery box.

4.2.5 Locomotive Brakes Manual Override

The locomotive manual override brake should only be used
in emergency situations. In case of a power or mechanical failure, where
the automatic brake system is rendered inoperable, the manual override
may be used to either release or apply the locomotive brakes.

The override brake consists of a hydraulic cylinder which,
when pressurized by a hydraulic pump in the locomotive cab, will over-
ride the spring/pneumatic system and either apply or release the brakes,
depending on the rotation of the wheel of the hydraulic pump. The parts
of the manual brake override system are shown in Figure 4-14,

During normal locomotive operation, the override brake
hydraulic bypass valve must be left open (turned 90 degrees counter-
clockwise) as shown in Figure 4-15(a).

To apply the brakes, the hydraulic bypass valve (valve
handle is turned 90 degrees clockwise) located in the cab is closed as
shown in Figure 4-15(b), and the pump wheel is rotated in a clockwise
direction. To release the brakes, the hydraulic bypass valve is opened,
and the pump wheel is rotated in a counterclockwise direction. Note
that if the bypass valve is closed while releasing the brakes with the
override pump wheel, the brakes will remain locked in the BRAKES OFF
position. Such a condition would override the pneumatic fail-safe brake
system,
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Figure 4-12 - Locomotive Chassis With Battery Box Removed

Figure 4-13 - Locomotive Brake Mechanism
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The hydraulic manual override system was originally in-
stalled on the locomotive by the National Mine Service Company. Periodic
maintenance and oil replacement should be continued in accordance with
NMSC specifications.

The hydraulic cylinder, National Mine Service Company Part
No., 5802-3607, has an approximately 4.0-inch diameter bore, approximately
6.0-inch stroke, and approximately l.0-inch rod diameter. The hand pump
is National Mine Service Company Part No. 9200-6725.

4.3 CAR BRAKE SYSTEM DESIGN

The car brake assembly, shown in Figure 4-16, is a spring-actuated,
pneumatically released, brake system. Included in this system is a
latching mechanism which, when operated by a pressure signal controlled
by the motorman, mechanically holds the brake in the released position.
Also, -the brakeman has the ability to control the brakes on the cars
without the use of the locomotive by use of a manual brake override de=-
signed into each car.

The pneumatic release of the car brakes is accomplished using a
standard air cylinder as an actuator. Various cylinder seal combinations
were tested and the best combination that produced a minimum amount of
friction while maintaining a minimum leakage was used.

Both rigid pipe and flexible hose are used as pneumatic lines on
the cars. Inter-car pneumatic connections are made with flexible hoses
and quick-disconnect couplings.

A flexible rubber shield is bolted to each side of each car to
keep coal out of the springs and linkages of the brake subsystem.

4,3.1 Car Brake Sub-Assembly

The car brake sub-assembly is a complete, self-contained
unit which is bolted to the car structure. The original, simple, mechani-
cal hand set brake with wooden shoes, which was installed on the cars
during their original manufacture, was removed in its entirety. There
are two brake sub-assemblies per car, located between the wheels on each
side of the car. Figure 4-16 is a drawing of the final version of the
car brake sub-assembly. Figure 4-17 shows a layout of a brake sub-assembly
as originally proposed to the USBM.

As shown, the sub-assembly consists of a two-shoe system
linkage with a spring located in such a way that the brake shoes are
loaded against the wheel running surface. All linkage material is
machined from cold-rolled steel stock. The spring force is designed to
provide emergency braking without the wheels sliding when the coal car
is empty. A pneumatic cylinder having a bore of 2.0-inch diameter and
a stroke of 3.0 inches is used which pulls the brake release lever to
overcome the brake spring force. When pressure is applied to the cylinder,
the brake spring force is offset, causing a proportional decrease in brake
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shoe-to-wheel force., Further increase of pressure in the pneumatic
cylinder will first cause the brake shoe-to-wheel force to become zero
and finally, too, will retract the shoes from the wheels. An adjustment
link located at the bottom of the linkage assembly is nominally set to
allow the shoes to retract approximately 0.04 inch. Since this clearance
will gradually increase as the shoes wear, an eccentric pivot is used
for shoe mounting which can be adjusted to reset the clearance. This
shoe-wear adjustment should be made according to the instructions given
in the system Maintenance Manual, Bendix Report BRL/TR-74-7024. The
eccentric pivot of each brake shoe may be adjusted two times, thereby
permitting a total of four brake shoe adjustments during the usable life
of a set of brake shoes.

The brake shoes described in the original proposal, and shown
in Figure 4-17, were of the two-piece design. The initial design, as shown
in Figure 4-18, had adjustment shims between the basic shoe and the shoe
mounting support. Eventually, the brake shoes were redesigned as a one-
piece casting with a centering guide groove to align the shoe with the
wheel flange. The one-piece construction reduced the manufacturing cost
per shoe and, at the same time, increased the operating efficiency. The
material used in the brake shoes is cast iron, and is the same used in the
manufacture of the original locomotive shoes.

In order to test the car brake sub-assembly, a test fixture,
shown in Figure 4-19, was designed and fabricated. This fixture allows
the installation of one complete car brake sub-assembly and provides means
for measuring brake shoe/wheel force, brake cylinder pressure, simulated
shoe wear and simulated brake system volume per car. Every car brake sub-
assembly was operated in the Bendix Fluid Power Test Laboratory, and a
graph showing pressure versus brake shoe application force was plotted.
Also, the latching and unlatching sequence was tested to ensure smooth
operation. All tests were performed to ensure that the linkage provided
adequate shoe force, release at a minimum pressure, and performance of the
latching and unlatching functions at the proper pressures. Each brake sub-
assembly was mounted in the test fixture with the supply pressure connected
as shown in Figure 4-19. A pressure regulator maintained the pressure to
the control valve at 150 psig. This pressure was indicated on a supply
pressure gage. Load cells were used to measure the forces at each brake
linkage. Brake force versus cylinder pressure plots were taken for the
prototype unit and each of the car brake sub-assemblies. Figure 4-20 shows
the test results of the prototype sub-assembly. The maximum brake force is
designed to be not less than 500 pounds and not greater than 600 pounds.
A maximum brake force of less than 450 pounds or greater than 650 pounds
was used as the tolerance range. Any subsystem with a brake force fall-
ing below 450 pounds or higher than 600 pounds was reworked to bring the
force levels within the required range. The minimum pressure at which
the brakes were released was set at 65 psig and was not allowed to be
greater than 80 psig. The pressure-controlled latching mechanism would
latch at not less than 90 psig, or more than 110 psig. The pressure-
controlled unlatch mechanism would unlatch at not less than 120 psig or
more than 130 psig. The unlatching pressure was controlled by controll-
ing the torque on the nut which held this mechanism.
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Figure 4-17 - Proposed Brake Sub-Assembly
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Installation of the brake sub-assembly was conducted by
making moderate car body alterations and partially disassembling the
brake linkage. Brackets, air lines and pneumatic couplers were installed,
and all adjustments were made to ensure the functions of the brake sys-
tem. Also at this time, flexible pneumatic lines on the cars were re-
placed with steel pipes.

4.,3.2 Automatic Latching Mechanism

A mechanical override latching mechanism was designed in-
to the car brake linkage. The mechanism was included in order that the
motorman may deliberately leave the cars with their brakes held in the
released position. This is for the convenience of the operator when
loading or unloading the coal cars. The latch is pneumatically con-
trolled by a brake pressure signal above that of the normal operating
level. In order to latch the car brakes, the motorman shifts the brake
lever into the position which provides a line pressure above the normal
operating pressure. To unlatch the brakes, he shifts the brake lever
into another position, providing a still greater pressure which unlatches
the brakes and prevents them from latching again until the brakes have
operated in their normal position. Brake lever positions are shown in
Figure 4-3., The high and low pressure limits for each of these lever
positions can be varied by adjusting the stops built into the position
plate.

Latching of the mechanism will only occur when the pres-—
sure is increased from its normal operating pressure of 80 psig to a
pressure between 90 psig and 110 psig, as noted on the brake pressure
gage P3 located in the locomotive cab. Unlatching of the latch mecha-
nism will only occur when the pressure is increased to between 140 psig
and 150 psig, as noted on the brake pressure gage P3. These pressure
ranges are for both gradual and rapid applications of pressure. A
sketch of the latching mechanism positions is shown in Figure 4-21.

Position one shows the clevis at the end of the normal
stroke, a spring-loaded stop limits further movement to the left. 1In
position two, the first stop has been overpowered and the clevis has
moved to the second spring-loaded stop. During the stroke from stop
one to stop two, the latch was rotated down by contact between surface
"A" of the latch and surface "B" of the clevis. 1In position three,
the pressure has been released and the brakes are latched in the OFF
position. Position four shows the clevis in the unlatch position where
the second stop has been overpowered. The linkage is held in this posi-
tion until a reduction in pressure moves the clevis to the right and
surface '"C" on the clevis meets surface "D" on the linkage which returns
the linkage to position one.

Figure 4-16, Car Brake Assembly, and Reference Drawing
E-2176031, Fail-Safe Brake Assembly, included in Appendix A, show the
latching mechanism details.
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A brake lever positioning sensor (pressure switch) is in-
cluded to apply the locomotive brakes when the car brakes are being
latched or unlatched. An UNLATCH lamp is included on the electronic
control unit panel which lights when the unlatch operation is required.
This indicator is intended to reduce the chance of an oversight by the
motorman in leaving the car brakes latched accidently when the cars are
coupled to the locomotive,

4.3.3 Car Brakes Manual Override

The car brakes manual override is provided to give the
brakeman the ability to control the brakes without the locomotive. The
USBM requested this feature since the unloading of each coal car at the
Bruceton facility necessitates releasing the brakes without the locomo-
tive's air supply and manually pushing each car separately into the un-
loading station., Also, if the car brakes are LATCHED off, they may be
unlatched manually by moving the car manual override lever from the nor-
mal operating position to the manual release position, then back to the
normal operating position. These positions are shown in Figure 4-22,
When the car is coupled to the locomotive, the car manual release lever
must not be locked in the BRAKES OFF position., Such a condition would
override the pneumatic fail-safe brake system.

The original Irwin Sensenich Company car brake linkage was
utilized as much as possible in this manual override. Figure 4-16 (Car
Brake Assembly), Reference Drawing E-2176031, (Fail-Safe Brake Assembly)
and Reference Drawing #-2179018 (Mine Car, Modified W/Fail-Safe Brake
System), included in Appendix A, show the override system. A lever
(item No. 4 of Drawing #-2176031) was welded to the original torsion bar
which runs along the side of the car as shown in Figure 4-23. This lever
has a wire rope (item No. 26 of Drawing #-2176031) clamped to it. The
wire rope passes over a sheave (item No. 25 of Drawing #-2176031) and is
attached to the brake linkage righthand lever (item No. 19 of Drawing
#-2176031). Pulling the brake lever pulls the wire rope which in turn
pulls the brake linkage in such a manner to cause the brake spring to be
compressed, thereby releasing the brakes.

On the hand lever, it was necessary to spread the original
connector link mounting points to increase the lever throw and to in-
crease the handle length in order to increase leverage. Originally, the
new one-piece hand lever extended 12 inches above the car body when the
manual release was on., The USBM approved of this extension as it was
thought that the lever would not interfere with any mining operations.
The portion of the handle which extended above the car had the advantage
of being clearly visible to the motorman, thus reducing the chance of an
oversight in leaving the manual override ON while the car was attached
to the locomotive.,

However, the hand lever was eventually redesigned and modi-
fied, incorporating a folding design. This modification was requested
by the USBM because the handle interfered with the Bruceton coal-loading
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machine when the handle was up (BRAKES OFF position) during loading.
Figures 4-22 and 4-23 show the final version of the folding handle.

4,3.,4 Car Brake Air Cylinder Piston Seal Tests

During tests on the brake linkage, it was found that the
air cylinder contributed about 75% of the system hysteresis. This caused
the latching mechanism to function inconsistently. Therefore, a variety
of seals were tested in order to determine the combination which would
produce the lowest friction. Three types of seal combinations were
tested., Seals, and their location in the air cylinder are shown in Fig-
ure 4-24, The first combination tested had two, flared-lip Buna-N piston
seals backed with leather rings; one, flared-lip, polyurethane rod seal;
and one, polyurethane rod wiper. The second combination tested had one,
double, cast-iron piston ring and a more flexible, flared-1lip, Buna-N rod
seal., The third combination tested had a low-friction, Chemloy piston
ring of both the solid and split design. The combination that produced
minimum friction while maintaining minimum leakage was the Buna-N, flared-
lip piston seal and the polyurethane, flared-lip rod seal., This combina-
tion was used in all the car air cylinders.

4,3.5 Car Pneumatic Lines

Both standard schedule 40 and 80 rigid galvanized pipe
were used wherever possible as pneumatic lines on the coal haulage cars.
Where flexibility is required, Parker high-pressure hose was used. Pneu-
matic line locations can be seen on BRL Drawing #-2179018 in Appendix A.

Each brake cylinder on the cars is protected from dirt in
the lines by a filter which is connected between the air line and the
cylinder. This filter, a Wilkerson No. A-117-2, contains a throwaway
filter element as shown in the exploded view in Figure 4-25.

4.3.6 Inter-Car Pneumatic Lines

The pneumatic lines that couple one car to another and
the locomotive to the first car are Parker 3/4-inch, high-pressure hose.
Pneumatic coupling and uncoupling between vehicles is accomplished using
quick-disconnect couplings. The inter-car air connection can be made or
broken from one side of the car without going between the cars. The
stationary portion of the quick disconnect coupling is a normally open
Hansen socket, No. LL6-H-12-RC-VAA., The portion of the coupling that is
connected to the disconnectable end of the flexible hose is a normally
open Hansen plug, No. LL6-K31-VAA,

The last car of a series of cars can have its stationary
socket plugged as shown in Figure 4-26(a) by using the Hansen plug,
No., LL6-K-12, which is chained to the same car. Also, Figure 4-26(a)
and Figure 4-23 show that when a car is not connected to another vehicle,
the plug on the disconnectable end of the flexible hose is stored in a
Hansen socket, No., LL6-H-12, mounted on the same car. Figure 4-26(b) shows
two cars coupled and the chained plug stored in the connector bracket.
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(b) Position 2 - Pneumatically Coupled

Figure 4-26 - Cars Pneumatically Coupled and Uncoupled
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SECTION 5
BRAKE SYSTEM OPERATION

The spring-brake system is normally applied and the pneumatic
brake-release system must be activated before the locomotive or cars
can be moved. The following paragraphs describe the operations nece
sary to activate the system and to shut the system down.

5.1 LOCOMOTIVE START-UP AND SHUT-DOWN PROCEDURE

5.1.1 Locomotive Start-Up Procedure

(a) Turn circuit breaker handle to ON position,
(Handle located at the top center area of the
battery box. Schematic shown in Figure 4-7.)

(b) Turn power switch [handle located on the front
face of the battery box (shown in Figure 4-11)]
to the ON position. (Switch is designated P on
wiring diagram shown in Figure 4-7.) This switch
energizes the electrical system and starts the
COmpressor.,

(c) When pressure gage P3 (shown on pneumatic sche-
matic in Figure 4-1), located in the locomotive
cab, reaches 80 psi or higher, place the park-
brake valve handle in the BRAKES OFF position
(rotate valve designated VB on pneumatic sche-
matic shown in Figure 4-1 counterclockwise)
releasing the brakes.,

WARNING

The UNLATCH lamp on the electronic control panel,
shown in Figure 4-8, indicates that the unlatch
operation is required. If this lamp comes on
after step (c) is complete, move the brake lever
first to its UNLATCH position, as shown in Fig-
ure 4-3 (pressure gage P3 must reach 150 psi),
then to the BRAKES OFF position to release the
brakes,

(d) Check to see if the bypass valve on the locomotive
override brake assembly (described in Section 5-3)
is open,

The locomotive is now ready for operation.

S—
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5.2

5.1.2
(a)

(b)

(c)

(d)

CAR P

Locomotive Shut-Down Procedure

Park the locomotive by pulling the brake lever to the
BRAKES ON position and hold in that position until park
brake valve VB is closed and pressure shown on gage P3
drops to O psi. Park valve is designated as VB in pneu-
matic schematic shown in Figure 4-1. Rotate valve clock-
wise to close.

Turn power switch (handle located on the front face of
the battery box as shown in Figure 4-11) to the OFF
position. (Switch is designated P on wiring diagram
shown in Figure 4-7.) This switch de-energizes the
electrical system and shuts off power to the compressor.

Open air reservoir drain valve to drain any accumulated
water. Close valve after all water is expelled. Handle
for drain valve is located in the locomotive cab. (Valve
is designated VA on the pneumatic schematic shown in
Figure 4-1.)

If the locomotive batteries are to be charged, the circuit
breaker handle (located at the top center area of the bat-
tery box) must be left in the ON position to complete the
circuit between the batteries and the charging unit.

ROCEDURES

5.2.1 Car Coupling and Start-Up Procedure

(a)
(b)

(c)

(d)

(e)

(£)

Mechanically couple the locomotive to the coal car.

Connect the pneumatic couplers between the locomotive and
the first coal car and between every additional coal car.
The male plug should be stored within the coupler bracket
when not in use. Refer to Figures 4-21 and 4-24.

Visually check the cars to make sure that all of the manual
brake-release levers are in the unlatched position. (Fig-
ure 4-20, normal operation position.)

Place the brake lever in the UNLATCH position shown in
Figure 4-3 even if the cars have not been left in the
LATCHED position. Return the brake handle to BRAKES OFF
operating position.

To stop the trip, pull the brake lever to the BRAKES ON
position,

To park the trip, pull the brake lever to the BRAKES ON
position and hold in that position until the park valve,
VB, is closed (rotated clockwise) and pressure at gage P3
drops to O psi.



5.2.2 Upcoupling Cars

(a) Park the trip as described in step 5.1.2 (f), above. This
operation will vent the air pressure from all of the brake
lines, thereby applying the brakes on the locomotive and
all of the coal cars.

WARNING

There are no automatic shutoff valves in
the pneumatic couplings. Make sure that
the brake pressure gage P3 (located in
the cab) is at O psi before any of the
pneumatic couplers are disconnected.

(b) Disconnect the pneumatic coupler between the locomotive and
the coal cars, or between any or all of the coal cars.

(¢) Connect the male fitting at the end of the pneumatic hose
to the female plug on the same car.

(d) Plug the open female fitting with the male seal-off plug.
The plug is chained to the coupler bracket, and is stored
inside the bracket. Refer to Figure 4-26.

(e) Mechanically decouple either the locomotive from the first
coal car, or any or all coal cars.,

(f) To move any of the uncoupled coal cars manually, put the
brake release lever shown in Figure 4-22 into the manual
release (BRAKES OFF) position.

OPTION: The coal car brakes may be left with the brakes latched
off pneumatically by placing the brake lever in the
locomotive in the LATCH position before starting step (a),
above,

5.3 LOCOMOTIVE SERVICE BRAKES MANUAL OVERRIDE

The locomotive manual override brake should only be applied in
emergency situations. The override brake consists of a hydraulic
cylinder which, when pressurized by the hydraulic pump in the locomo-
tive cab, will override the spring/pneumatic system and apply the
brakes., This brake should be applied as follows:

(a) Engage the hydraulic cylinder by closing the bypass valve
(turn valve handle 90 degrees clockwise) located in the
locomotive cab. The valve is shown in the hydraulic
assembly shown in Figures 4-14 and 4-15.

(b) Apply the brakes by rotating the pump wheel in a clockwise
direction., This motion pressurizes the hydraulic cylinder.
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(c) The brakes may be released by opening the hydraulic bypass
valve (Figure 4-15), rotating the pump wheel 90 degrees in
a counterclockwise direction, or both,

WARNING

The manual override brake should never be locked

in a brakes-off position. Such a condition would
override the pneumatic fail-safe brake system.,

During normal locomotive operation, the override

brake bypass valve shown in Figures 4-14 and 4-15

must be left open (turned 90 degress counterclockwise).

5.4 CAR SERVICE BRAKES OVERRIDE

5.4.1 Manual Override

The car brakes, if latched, may be unlatched manually by
moving the coal car manual brake release lever from the normal operating
position to the manual release position, then back to the normal operat-
ing position. Figure 4-2 shows these positions.

5.4.2 Pneumatic Controlled Override

An automatic latching mechanism was designed into the car
brake linkage. The latch mechanism is pneumatically controlled by a
brake pressure signal above that of the normal operating level. In or-
der to latch the car brakes, the motorman shifts the brake lever into
the LATCH position which provides a line pressure above the normal
operating pressure causing the latch to catch in the clevis notch. To
unlatch the brakes, he shifts the brake lever into the UNLATCH position,
providing a still greater pressure which raises the latch out of the
notch in the clevis which prevents it from latching again until the
brakes have operated in their normal position.

5.5 OVERSPEED

(a) When the locomotive speed reaches 6 mph, the overspeed
control will activate the brake system. The OVERSPEED
light on the electronic control unit shown in Figure 4-8
will light to indicate that the speed has exceeded 6 mph.

(b) When the locomotive speed has been reduced below 6 mph,
the RESET light, Figure 4-8, will light. At this time,
the brake system may be released by pushing the OVERSPEED
RESET button.
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SECTION 6
PREPARATION OF THE SYSTEM ''MAINTENANCE MANUAL"

A maintenance manual for the Bruceton locomotive and haulage cars
modified under Contract H0110896 was prepared and delivered to the USBM.

This manual is intended to serve motormen and maintenance person-
nel as an all-inclusive brake system reference for the Bruceton fail-
safe brake system., Therefore, the manual was divided into a description
of the brake system for both motormen and maintenance personnel, an
operation section for both motormen and maintenance personnel and two
maintenance sections (scheduled and unscheduled) of interest to mainten-
ance personnel,

In addition, Appendix A of the maintenance manual contains manufac-
turer's literature on the Quincy air compressor. This literature in-
cludes the instruction manual, service data, troubleshooting data, and
parts lists,

Appendix B of the maintenance manual contains the manufacturer's
literature on the Plessey Airborne Rotomission compressor motor-speed
reducer. This literature includes the description, maintenance, and
parts lists.,

Appendix C of the maintenance manual contains selected engineering
assembly drawings and a schematic, useful as references for troubleshoot-
ing and repair.
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SECTION 7
CONCLUSIONS AND RECOMMENDATIONS

7.1 CONCLUSIONS

All of the tasks in the scope of work for this contract have been
completed. The special reports have been published, the Bruceton loco-
motive and its five coal haulage cars were modified and outfitted with
an automatic braking system, and the system was maintained for the
specified six-month period.

Thus, the hardware feasibility of the automatic brake system has
been demonstrated. The implementation of the hardware, an objective of
this contract, has been successful,

However, based on the practical experience obtained in installing
this system, several areas worthy of review have been observed and are
listed as part of the following recommendations section. In addition,
experience has shown that transition into new braking systems must be
slow and of such a design that it is readily accepted by the mine worker,

7.2 RECOMMENDATIONS

The major technical recommendation, based on the experience ob-
tained in performing this contract, is that a redesign and adaptation
of a pneumatic fail-safe braking system should be performed using a
larger and more conventional-sized locomotive and coal haulage cars.

A configuration that should be considered, is one which would use
only the locomotive brakes for service braking, and the combination of
locomotive and haulage cars brakes for emergency braking. Such a system
should be designed so that the locomotive braking response and perfor-
mance is independent of car or cars coupled to the locomotive during all
braking conditions. Likewise, each haulage car braking response and
performance should be independent of any other car or the locomotive.
The present system loses braking response time proportional to the
amount of cars coupled to the locomotive since the air from all cars
and the locomotive are collectively vented through the locomotive brake
control valve, Since the brakes on all vehicles are applied at a rate
proportional to the rate of increase of the force of the brake shoes
against the wheels, and the brake spring force increase is proportional
to the rate of decrease of spring compression by the air in the air
cylinder, then it is readily seen that the rate of braking is propor-
tional to rate of pressure decrease (venting speed) on the brake cylinders.

Such a system would have advantages other than performance. There
would be a conservation of pneumatic supply since the amount of air
vented during a normal service stop would only be the volume of the



locomotive brakes rather than the locomotive and all the haulage cars.
This would allow use of a smaller size compressor, along with a smaller
size compressor motor to meet the air supply requirements. Besides the
motor being smaller, it would also run less since it would be replacing
a smaller quantity of air per braking operation. Therefore, the elec-
trical power demands would decrease, resulting in a conservation of
battery supply.

Implementation of this recommendation would however, result in two
main differences. The first is that service braking performance with
cars coupled would decrease, and the second is that the implementation
of the brake control system would be more complex.

An area that could be investigated to improve the locomotive braking
on the present system is the response of the locomotive pneumatic air
cylinder. New techniques to reduce the friction in the pneumatic cylinder
which holds the brake spring in the brakes—off position should be investi-
gated. A possibility is the replacement of the cylinder seals with a new
style that has lower breakaway friction when air is removed and the piston
is moved by the brake spring force.

Both the force and time required to move the piston are directly
subtracted from the force and response time of the brake system., An
alternate solution to increase the speed of the retracting piston would
be to use air pressure to assist the spring during the initial stroking
of the piston. This alternate would require a more sophisticated system.
Another alternative would be to use a long-stroke, rolling-diaphragm
air cylinder such as the Bellofram style. These devices are virtually
frictionless.

Another area that could be investigated to improve the braking
response would be to modify the pneumatic logic in such a manner that
control solenoid Gl, shown in Table 4-1, is switched to be in the open
position during service braking of the locomotive, with or without
attached haulage cars, which would assist in dumping the line air pres-
sure at a faster rate, thereby increasing brake response.

The following specific areas are being submitted for future braking
system review.

(1) Out-of-Round Car Wheels - Use of cast iron car wheels as a
contacting surface for the brake shoes is very difficult to
accomplish in practice, since wheels used "as cast'" are very
much out of round. This condition causes each car wheel to
lockup at a different force level as the braking force is
applied. Only steel wheels should be considered.

(2) Car Axle Positioning - The high amount of front-—to-back and
axial clearance of the old type Bruceton mine car axles to
their mounting require a high amount of flexibility and
stroke provision to be designed into the brake mechanism,
Only cars with limited axles motion should be considered for
future braking systems.
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(3)

(4)

(5)

(6)

(7)

(8)

Spring-Applied Brake System - A spring-applied brake system

is limited in performance since it can have a wide range of
actual braking force caused by environmental conditions that
can act on the linkages to reduce the effectiveness of the
spring. However, such a system can be quite effective as a
pure emergency system,

Brake Surface Independent of Wheel Surface - A brake drum or

brake disc attached to the vehicle axle for use only as a
brake shoe contacting component would divorce the braking
mechanism from the wheel problems.

Brake Control Valve —= A control valve, reduiring lower com—

ponent tolerances and clearances, would be more suitable to
a mine environment.

Latching Mechanism = A latching mechanism that must be de-
signed to meet the requirements as specified for the Bruceton
car is most difficult., Other types of systems should be
considered, such as one that uses an auxiliary air supply

for activation or one that uses pressure from the locomotive
but can be isolated from the locomotive while maintaining
pressure in its system,

Cable Link in Mechanical Override - Cables have limitations
in usage because of difficulty in attachment, and suscepti-
bility to damage. Rigid steel links appear to be more
suitable.

Automatic Couplers = Automatic car couplers should include
automatic air line coupling.
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SECTION 8
PATENTS AND INVENTIONS

There were no patents or inventions made in the course of perform-
ing this contract.

8-1




APPENDIX A

ASSEMBLY DRAWINGS

Locomotive Assembly (Bendix Research Laboratories Drawings)

D2179310 - Outline and Installation Drawing, Locomotive Modifications
D2176445 - Locomotive Chassis Assembly

D2176447 - Fail-Safe Brake Control Valve Assembly (2 sheets)

D2179312 - Installation, Speed Sensor Assembly, Locomotive Modification
D2179167 - Speed Sensor Assembly

E2179177 - Battery Box Assembly

Mine Car Assembly (Bendix Research Laboratories Drawings)
E2179018 - Mine Car Assembly
E2176031 - Fail-Safe Brake Assembly, Mine Car
D2177336 - Latch Mechanism Assembly

Locomotive Electronics (Control Products, Inc. Drawing)

C-14538 - Schematic and Actual Wiring, Compressor Starter




16 15 14 12 n | LI [ s 7 6 3
REVISIONS
DESCRIPTION DATE
BATTERY BOX_ BATTERY
(MODIFIED) GOULDTYPE 5&"60 )
40 LL
BX o 2179177 D LEhm 2l S _BATTERY COMPARTMENT_
\ COVER-BOTH SIDES _
—- - e o —————— SWITCH € BRACKET
¥ : :B E I; _BxNo. 2179229
| |
T S 4 ' :l °
HiM BAT TERY CONNECTOR
l i i /
| et || =
' My [__.-..___.._-_____-___[
- : '!_ R - -
o —— - —
e e Fe
! T i1
TN rikd M
1 ' l I LOCOMOTIVE ASSEMBLY
[ nl
o™ | —l ———l N.M.S FAI28-DIZ3
|CC§ ! ﬁ Ry ? | Ll'JC.O";:/JSSIS LAYOUT
I L} ] — e
L e [<1 S S L S e —— ‘BX No. 2176445
H
CONNECTOR BOX_ AIR COMPRESSOR COUPLING — GIRCUIT BREAKER ASSY
CRL NG. D- 12237 QUINCY No 325 REX TRU- FeEx No.30 CPI NG 14779
AIRTANK FAN STARTER ASSY
BXNo. 2173166 Bn NO. 2/7925F CPLNc.D-/004F9 %a
~E.C.U. BOX l I ELECTRIGC MOTOR
_C.Ri. No.D-12938 B GALIS Mo 32 DE-&
ScHemAzIC Pe== = = 1 .
ZeL 2 c-2/79340 \......__..-_' | N PO S
ol iy T L= !
2 'I.- | r | i PRESSURE SWITCH ASSY
] : " } C.P.l. No.D- 12942
] ; | R i
1 R i : [T
SWITCH £ BRACKET— - L ll |
RXNo_ 717934 \ ll ' :
—— I . |
I B |
| Tom—m .
D tL__'L"“ L L T T T T NI T
e ‘:—1- i /’ !‘ \E
P [ e
L{i E;j‘ bas T £ /K“ * 4 k LA AN DESCRIFTION e specmg;'r?gn NO.
Lo _-_:I_ . I } \ N _ L] LIST OF MATERIALS"
" y‘ \ SNLESS OTHERMSE SECIFIED! [conTame. Bendix Research Laboratories
e - DIMENSIONS ARE IN INCHES N \ UTHFIELD, MICHIGAN
\——-SPECD REDUCER TOLERANCES paosN0. 2872-21i0 —— SO 2
' l = DECIMA IGLES . T oane Al
RoTotistion e 7S e I S S ol AT OUTLINE & INSTALLATION DWG,
TIE BOX LOCOMOTIVE -OPEED SENSOR SPEED SENSOR ASSY THIS DOCUMENT CONTAINS PROPRIE- Hx cHam.x 100 AP0 | S/R0 v S LOCOMOTIVE MODIFICATIONS
S———. M"_—W—— A — = pp . | SURFACE FINISH .
_C.Rl.No.D-12933 DRIVE CHAI JMSTALLATION | EX &, 217 FIE FORMATION MAY NOT BE DISCLOSED | MICROINCHES RHR ARD |Lerra.ne SIZE [CODE IDENT NO.

BXN0.21733/2

(FHoUzinG i 13647

FROM THE BENDIX CORPORATION.

TO OTHERS FOR ANY PURPOSE NOR [TATERIAL:
USED FOR MANUFACTURING PUR:
POSES WITHOUT WRITTEN £

ABD | 7.5

APPD

310

SCALE ——

D|l11272 | 2179

{sHEEY / OF ,

BT 107158 8.7 1200

W 850

3
i
-

|

F"""""""'




wra

B I R . . . S g e e - S S e e s . e S RPN e g —— ey e [ g e o g e ey o,
B 0 12 R R O I A e e e A T I T O e e T T Y
THiS DOCUMENT CSNTAINS PROPRIETARY . - REVISIONS
T ARM YD PIVOT PN ARITT SRS o I
PURPOSES WITHOUT WRITTEN PERMISSION FROM N SCHEMATIC B82177597,1REQD / SYMIZONE | ] t
THE BENDIX CCRPORATION. N C-2/79323 T T ]
N\,
[ares T { \ 7
SWITOH A< 7 y h—L ! st A LN ]
’ e . Ny SWITC i . ‘ ! ASSY D=2179229
sy SWITCH-OPEN WhEN CAK LESY P2ITG """’_S\:—! - . | SCHEMATIC ~
a S 1s corwEFCTIL; CLOSED scﬁgv?nrrc c 21792234 e : T i ‘ c-2rma323 . 3
WhHEN NO CAR IS CONNECTEL U | 1 ,
i ' 1
/\ | ]
8 ' ! b 18
! ! - B . .
A e el . _ 7 . = : e = J
| — - . } )
2 —;
. »‘ Al i ]
h » 7 \ 14
GUIDE I;’é/?TE | i \ 4 -
cal 7?6 B | 1 | i B
T 4 | | * . -
. i
e \ J -
- = N N -
/ \—CLEVIS HYD CYL \ éo de
B-2177610,1REQD \_ SPEED SENSOR ASSY ~ - j‘., 3.0
? . pu';’ CLEVIS . ? INSTULATION D-217%312 : S 45 \ | ~ 1
‘ B-21776!l,1REQD PIN NMSFrg07 0533 AZSy D-217967 . : ‘ : { -
WELDTd FRAME T ki SCHEMATIC €-2/79323 4 N i 7
B ) S o —_—
, A HYDRAU LIC 100 . 75 4
: = . l‘ CYLINDER CLEVIS, HYDCYL . I : i _
i T rms sgoz 3607 [ B2ITTTIZ,IREQD P oo L —h ‘
3 | Ecu Box | TAETHEL R TIOA RAr MO, sceen) H-I5 e x A5CE. i i : 1E
. TG AT ASSY CP /2?% ’ B-2/179334 Wy by -rS 5o JF
, APV 771 S5CHEMATIC C-2.79, R - - .
> )/ c-z/7762/ SHEMATIE e 2mars L AR A E07ITe T aacare fLL Hes CROSS BAR MODIFICATION -
s WECD AT ASSY BRACKET B~2:77620 M G -2 IT 7 o R i
SCREW HEX HC s WO 1 —
70 nuk somasy Ya =13 LNC- 7516 VIEW CC -
» LOCLK WASHER Y2 PAD,CYL MTG SPRING ASSY, LOCO. - 1
; B-2111457, 1REOD c-Z117400,IREQD i
| | eessuce Gass P2 WELD TOFRAME - E
X MODIFICATIONS PER
b AV TEL . -
T ecir v \ . 229320 )
z, —z/79324 —~ .500-13UNC HEX BOLT, \ “REAR BULKHERD, LOCO CHASSIS, -
SCHEMIATIE € 232 >, " H ?
”“-57';;74/” / NUT, L' WASHER -
[y 1x
] Al > ~~< \ - .
t RN ] \i ] - v
i N \ i 13
— pv) l’u\',! _ “
h 22.94 N\
CAB BU.KHERD MoLIFICAT+ON 1N
\ N
b A L { J
- . T \ ) P,
VIEW hA / yd / \ i
) ol 1 1
. 375-16 UNC HEX BOLT VIEW EE - 500- o
TO BEAKLE & risasDERS / 2.00 LG, L'"WASHER 3(?7? n’,i gzg,? SEX BoLT, nozgor‘s’(vzlg PART NO. DESCRIPTION DESCRIPTION & SPECIFICATION enr o
3 EETUOR HTEE /o 4 REQD ! [IST OF PWATERIAL 8
RO7 srHOwr / ~ UNLESS OTHERWISE SPECIFIED ORAMN | Sind e Vo 7
T BE LOCRZED Q7 SSSaEMELY /L/CON TROL VALVE CYLINDER CLEVIS, AIR CYLINDER ° mggg;g&ggwluilg lgggoauANcs WITH STANDARDS CHECKED |+ 1 e a0 2 BENDIX RE%&Q&E}?M!;QABNO RATORIES
ASgy D= L S - . e 2o s )
" / SCHE.‘H‘DA 72/é76;23779329_ P;’// 3#4 .~ 8-2177595,1RE50 . gmsg:sl’g:: ¢gz IENMI::':HAE:I'ER . SROUE TITLE S
S7E F.0 Bk . S| B ELEC
TIE BOx . £tk OAPO7/VE CHAS5S5/sS
- RSy e rzaae 1wsRct oron Dus ASHLER URTACERI0 Shpuane 4 L To G LocoBor
MATIC C-2179 - . -
SCHREMA C-2179323 L-2/79322 755370 Msﬁ;;m}t;tam‘zmz%%;? IBE CONCENTRIC WITH Réff A SSENI &L S A
: - NEXT AssY FINAL ASSY DECIMAL TOLERANCES ANGLEXS or 1oSoPE SIZE
’ . . ».30° EXCE .
APPLICATION X om0 l SPECIFIED CHAMFER & 10° 277 ROVED 11272 |D| 2/7cea5 Xz
CONTRACT XXX 1+ .010
NUMBER SURFACE FINISH MICROINCHES R H R . APPROVED SCALE ' WT ISHEET S oF 7
| | i DEPT
- AUV L SR DU B D 2 | oon ] LI o4 | TN A 6 | 5 [Swses Excmeemie Now Srors Exrons 257726 [& S50 . _~




4 | s (. 2 | 1

i

[x1

‘

| 2/2¢22

[T
THIS DOCUMENT CONTAINS PROPRIETARY
INFOPMATION AND SUCH INFORMATION MAY REVISIONS
PORPOSE "NOR LSED FOR MANUFACT URING
PURPOSES WITHOUT WRITTEN PERMISSION FROM SVMIZONEI DESCRIPTION i DATE | APPROVAL
THE BENDIX CORPORATION. 1 1 f i
2 NUT-HEX . /16 -18 UNC -2B 26
/ Clzi7s24& HANDILE ASSY 25
I B8l211e878 CLEVIS 24
I | - |&ToLK. LIWEL PIN:250 900&5 DA 100 L& SST 23
2 | =156 FLfk: BoAP G - ERONZE | BUNTING N¢ P52-3 27
| [Bl2a7(877 SEEFT 2/
C - ET00F LLTTEP PIN .093 DIA x LOOLG 20
{ C 216581 LEVER - (BNTRCL VALV E /9
[ |C |2176EE6@ |HAKDLE EATENSION 78
4 STOLK WAZHEK .56 1.0. .00 0.D..050 THK. /17
I {C |e116875 KETAINER ~PLATE /6
i {0 217684 5 BELLOWS 19
I |jC 2176888 {5YER -HAWDLE 14
| |D|a7688a COVEE - LINKAGE /3
1 clel7681732 PLUNGER -SPRIN G I4
H Bl2t76738%5 SPRING -SPOCL VAINE R _ I 1
i {8]2176817i  [tAP-SPRING oot T T T T 1/0]
3 | = {5T0CK 0'RING PARKER =2 - 32 9
L (212176874 COVER~CONTKOL VALVE 8
I [—]ST00K C'KING PARKER = 2-25 7
A3
i lc|2t76870 CPOOL ASS'Y P 5
1 ID12176869 SLEEVE - CONTROL VALVE. 4
VD 21768 6R VALVE BODY 32
I D |2176827G MAWIFOLD £ MO0 NTING PLAE 2
[ 12179879 v"—éASE -(ONTROL VALVE /
REQD |Size PART NO. DESCRIPTION DESCRIPTION & SPECIFICATION oo et
- LIST OF MATERIAL
UNLESS OTHERWISE_SPECIFIED lomalercs -
B 6 fgromee s s gt~ BENDIX RESEARCH LABORATORIES
o DIMENSIONS ARE IN INCHES EROUE TITLE
o DIMENSIONS TO BE MET AFTER PLATING _L?E%L
o MACHINED SURFACES TO BE SQUARE & PARALLEL TO ENGR FAIC SHAFE BEFAKE ConToc VALVE
N DATUM A WITHIN .005 PER IN, ther [ULorraine  |.172/7
/1 METERING EDGES OF SLEEVE (7EM'a) 35 + MACHINED DIAMETERS TO BE CONCENTRIC WITH g AEEE M BLY
0 SPLIL ‘vm E (t{& M:S) MOST  HAVE TR FINALASSY prosv TOLERANGES — amaves R N
A ZERO LAF CoNTITION APPLICATION X 3 0% | SPECIF IED CHAMFER 4 10° AEPROVED 11272 |D| 2/764 47 X,
: NOMBER | SURFAGE FINSH MICROINCHES R H R SCALE = T ST 7 57 2
APPROVED Lesl
16 15 14 13 I 12 I n I 10 J 9 ’ l 8 J 7 6 l . S ism§lal.z Encinesring Now Srors iEnmﬁs‘. z2879-7/26 |§._'FKPT 5‘5‘9




16 15 14 13 12 n 10 | 9 ¥ 8 7 ] 6 ! s 4 3 2 1
NOTES: REVISIONS j
‘ . i r ﬁi.—_ - ——— ——_lmev|zonE DESCRIPTION DATE | APPROVAL
: [
—_ II : v |
_ . o /5 -
] ! ' -3
- Ri‘F DRAWING . Lj | _
B L YOUT,LOCO.\' : e - “—
D Z176445 L-__‘ ~
# 1 3 N
| X -1,
. F=== 3 = S S LOCO. BRAKE ]
A {HI e TR Vot . SPRING -
. R & R ]
R § oy -
e | 7]
i -]
| LOCO. BRAKE i , ; f BE
. /  SPRING E ' l/ : l , ; / ]
/ J - _ - ‘ - rf | -1 -
- [ S i — / _.:i'*Tﬁ_- — ] -—-;/ 1
-~ o = e e — / ; : 3
iy r . S R _ ._6 N
SON CROSS BAR = L Je
d LOCO. STRUCT: PIN <
\ LOCO. SUSPENSION - __ B- 2179236, IREQD ALIGN SPEED -
\ SPRING | | SENSOR INPUT .
M L _ _ P _ _ . SPROCKET WITH
- i LOCO.DRIVE —_
50 = CHAIN BEFORE ~ —
/ / ;T = COTTER PIN, /8 WELDING NUT PLT
-7 - -~ -- - -t , WELD- [~ —e—e— | 2R 2179237 IN PLAC
P r . | EQD & E_
| a I 1
o o 1 r - - T - '/n\ P o K o1 Rl . |
' T P N — T T H s + o : \ _
[ | —— NUT PLATE — FA i \ L/ JN _ —
R L i B-Z2179237,IREQD ? Wl -~ N > \ m
- Fe=—=t-ly : ] BRACKET—/ SISIGONCHEX \/é\ f + -
P —— C-2ITY235,1REQD 2375 N
| ' L ce IREQ HDBOLT-L0016 ¥ ,\/ ! ) e
| ckeah o R [ : ]
By e A ( ! //, I oo i N LW_ASHEE’ Q A \7/:‘%_}/\& - —
-t P - . — - — — ‘ . 3 -
- § P ~ 7 T X . ——
KLoco. DRIVE | / ' AN \ % ? \\\ -
GHAIN | s / ' » \ SPEED SENSOR ASSY P ; N\ -
P \ D-Z1719167, | ZEQD i |/ N\ _
3 _ L . _ o // / : 4 ] A ! AR =
g i - , 5 o
! / H i \ \ I
| ! | ( | { 1 L
- - B B ) - il H - - N T N ) 1
1 | | 1
— |
- - - - \\ / \ - '/ i
L N / / Lod
E \ . N ! LOCO. DRIVE , / . -
= NN ) CHAIN \\ } ) / ]
e N e T -
- i et g i S— 7 ~ . T - NS R — - ! .
]
! H S AEab|AEaD DESCRIPTION JoenT SPECIFIGATION NO. ITEM
‘ K LIST OF MATERIALS B
ONLESSOTHERWISE SPECITIEE: | conma no. Bendix Research Laboratories
—_ T‘;:E:::c':smc"“ sROINO. 2879 — SOUTHFIELD, MICHIGAN
-~ DECIMAL ANGLES <1 . ——
. K/ S~ - e %, + orann) O-domale. BBl 1ySTALLATION 4955, SPEED SENSOR
’ 000 x chams100 |20 | 2 7 s ses- | LOCO. MODIFICATION
THIS DOCUMENT CONTAINS PROPRIE-
TARY INFORMATION AND SUCH IN. | SURFACE FINISH APPD
‘ T M ey Sonpoct on. [rmenOINCHES FNR_——— SIZE JCODEIDENTNO] v | A
e ron wawrscrunne wn Dluz2z2 | 279312 | x
FROM THE BENDIX CORPORATION. >
APPD SCALE I:i_ WT !SHEET
ST eT &30




. ' ) o
16 15 | n , 10 ; oV | 8 7 | 6 | s 4 [ 3 2 | 1
NOTES:
< N REVISIONS
E\L]ZONE DESCRIPTION | DATE | APPROVAL
I 1
3 f — 1
4 3
' nla -
L x‘? \[ W —
SN R S
] ' . _
BE
b =4 — —_—— e — Pl —
- * i T —
‘ . | -
: Co | -
3 { ]
B _|{n
[siny I Uy BNy -
B g .
37' . : 1
) . %s |
il
p i I e
i !
.50/ - . |l 1 —
i 202 JIA THRY —
' 2 HOLES-IN-LINE -
! Sé'CT/OA/A - -
> H
" %: OF sPROCEET - 25 T_|SHAFT ol AL 73
5 o0 g S, ) I |FLANGE BEARING BUNTING No.FL25/0|28 |
- e —— . \ e R e |_| BEARING.NEW DEPART- No.E4293L03 _ {al |
p 1 h 6 |SCR-.375-/GUNC-2A1.0LG | HEX HD. 20
. [T} ! —— I |COVER D zsise 19
! - _ Yan V] I |PIN WHEEL il AR R 18 | ¢
S =] 4 \-JL Z |SPACER A zitszn 7l
| e e . : e i | [BEARING NEW DEPART. No.2293L03 16
N B 1 i I |LOCKWASHER A.B.EL.STD W-03 |I5
T \U\ I = 87 i I [tockNuT ABEC STON-03 (14 |
{f ;f i - ! § 4 | SCR-.250-20UNCZALZLG SOC HDCAP [}
« doao il - ; | / b I |RETAINER ,BEARING F|zI79z10 1z
’ 1 T } ¥ 1 5IZ i - Te—T i ™ N L s |
- LA i L] j i T . 1 7T | PACKING GLAND No.1d-& 32D 11 [[]
e L . | 1% 3 . . ~ = e S e Gt
C DRt 1 | ‘ | 28 £l im sers | 4_|SCR-#5-40 UNC 2A*.50LG | SOCHD CAP 7o I'IL\
B G \ I | IBARRIER STRIP,KULKA _J No.600A-C-5 NER
N L A N | —%-r6owc-24 scesws [T REY-.250 50 x.58L6 | 18 fix
- = N %}_ ® S 5CR-.250-Z0UNCZA%.2516 SGCHDSET 7 |Is
5 | e T_JGEAR -2 HREE NI
o - b 44 NIRYA | JOPTICAL SWITCH,HELINC | No 08-5915-200LW | 5 jL—4
& T ! | RETAINER Il AN EALA pia
\ )  SEP— } . E i | SHOCK PAD Al 2i792i3 S
B I »—%.33 e /9 [ Z | 3CR-710-24UNC 7453816 SOCHD CAP Z1__
Al T CAsE CONT.PROD No.O-14647 " 1
56 1 (1B BER
5 Coves 4 £ IR DESCRIPTION 1OENT SPECIFIATION NO. ITEM
s | NOTE ! LIST OF MATERIALS 8
N URUESS GTHERWISE SPECTFIEDT - -
NITEMS @@Pge ConTEOL PAROOICTS IR ki Bendix Research Laboratories
e #D- 19647 2179312 |21753210 TOLERANCES PROINO. SR 77 -/ & SOUTHFIELD, MICHIGAN
| £\ APPLY LOCTITE “SCREWLOCK ” ATASST. ETAR | PR | oeemar - mews Lo T —
i’ APPLICATION XX 102 B! ' ASSErI1EL Y — SPEEO SENSOL
XXX :0lo cHaM.:100 |aPD [ Lorrciine  bpby
THIS DOCUMENT CONTAINS PROPRIE-
TARY INFORMATION AND suck in- | SURFACE FINISH o
FORMATION MAY NOT BE DISCLOSED MICROINCHES RHR APPD | o/ 7 7= ,E""}” SIZE 1CODE IDENT NO REV. A
TO OTHERS FOR ANY PURPOSE NOR [MATERIAL:
POSEE WITHOUT WAITTER PERMISSION . bl D 11272 |&/77/&67 Xs
FROM THE BENDIX CORPORATION. T
AFPD SCALE F ol . |WT Tsnerr 7 ©F ¢
4 = gso
A-6




16 15 | 19 | 1’ ] 17 1% | 3 | “ 13 2 | ¢ n i 10 | ] 8 ] 7 6 1 5 I a I P 2 1 '

' freeome] DescRIFTION [ oare | wornovar

gvEs

. Plr ELECTRICAL COMPONENTS AND CRBLES BETWEEN COAMPONSNTS
Schce BE W ACCOROANCE it U.S. BUREAL OF MINES . '

- REGULATIONS & SEHEOULE ZG SPECIFICALLY SECTIONE 18.20, B I : :
18.36,18.39 AND 18.44. °

? 2. RETOUCH ANY UNPINTED RREAS, COLOR ! YELLOW FIBEXS. : . ’
N L ;| FITTING - TEE FARKER = ¢8B7TX &7
"~. - /i TUBING L X 37 26
» 1 TUGING 2w X 77 g5~
3 ;. CONNECTION BOX CONTROL PROD. D 122382 | 8%
i i P o« NUT - HEX % <1 UNC g3
of. 1 REAR PLATE T 2179286 52| ©
2  FiPE ELBCW TARKER = [ CD 55 3/
1 / DISCONNECT RECEFTICLE | CONTRIL PPOD. ™ 1203/ |80
— 3 NgT - =R /213 YNE 77—
R | LoCiu kIS SIS Yz 78
G| WATHER - P A vz 77
] —_— @e@e = STUD Vz-17uowe x 20 &6 7] n
E ] 7 (key Y% x 46 x 2.156 75
<
@

G I SCREW ~Fl. pD. BZ° | Y420 UnC X 3.0LG &3 L

e@ Lt « FEFET e n, WO Tie- 8 _one. X 75 e, | 75
<> - ’ SCREa - gk D T.s - /B UNCK 3.004% |73
0@@ .- - & | ScReE ~MER KD Fre-1@une x 275 ca |72
> . /| zEr 24 .
20 ' ScREL) - HEX. #O. SR - e UNE R LS Le. | 70 "
i . . F | ScRE-rL w0 BZ° | e-Fo onE A1, 002G |89
- : =
&) NuT-HEx Ve~ /% IME &7
2 soc KRS EER Ve 173
/ G wASHER - FipiN Yt 65
: j . (D, SCREW —HEX. MD. lat- 20 UrE % 75 £5 &4

vy~

L
I FITING - R OTE PakkEL P
Z TG -HoSE 2k i
" 21 5c B fu. O BZ° | /0-72 wWFX B <G
- BATTERY 12, o) HBHER ~B&VEL 2=
JZ  SCREV -Fi, 17O B2° 3/8- 16 oS x 1.75
K Yo 4 20| ScREc ~Fi. HD 87| VB-76 ML X1.60 L&,
i 4+PLACES 24 MIT -FHEX /8- 16 onE
) ~ E < 35 [ocRIATHER /8 - T
- /@ 35 | WASHER ~PLAmd L7 )
— 4 | S700 /8- /6 UNCx 200 Lo
C TANUT-AMEX Ye-20 uve
A s + T 28 oK ASHEL Za
22 .ScREW) HEx MO, 74 -20 UNC %100 ¢6.
4 "sSceec) - Fe. 1D, B | Yie-1BUNC.x6Z2 LG
TV Y TR /it
- 70 . Scoe) - HEX FD. 36~ 78 owC X /.00 <&
[ TDRAIN VALVE HZNDLE

OE®

—~ T PRAN VALVE ASSY 1€ 273230
7 1COvER TC 279322
7

52,

@f ®
A T
)
%
i .
NN, rﬁ

]
| Compresiof DiFsTiCas AT - 2179319

@ 2 I CoVER £ MNGES "D 217 93€7
L &3 T 1 RAIC - FAR B2/ 779022 137| B
| (R ~NEAK i8.2/79302 -/ 126
i D) T NgT FiaZ fiesr, 5w \B-2/77238 ES
- @@ (7 A5 V- PRZES _SWiTcrm _\Cor 7ROZ PRODIOINE I 37| —
- ! _MOTOR 1GAL/S ® 32 DG-& 733
£ | STANDOFF - Moroe 1 c-2/79226 132
e LT ASSY YR Toroe D 2/ 7322 2
: 7 |DRIVE - DIFFEREn /AL | PoTaptissiond HA-T5 42560] 30|
d \ . b : 7 | Fan/-comprESS0R D-2/77239 29
s 52(s6) ro ancLE 2060 @@Q A ; ] I |poacré-covri e | D-2/79:79 e
* é@ 59) 70 BRiE . . . - !l 7 |Ccouri G Cax Teo-rees 3o A awt | 278
. L | Brock ~pTG - STARTER |5 2ITFZ8Y/ 2%
R . - H] | 7 1 fsserter - Srazres ConTRI P00 #p- 14534 |25
i @@@ 36 1 1 sHROUD- FAnd 5-2/79248 24 F
S 2 1 s700- comprascoR A Z/792BE &
: ) P —— PRy
- L CemmpP R-2179279-2 F78 wnn
B 7 ASsambly - DIF Sricatens D 217938 20
. !/ | ASSEmber-MOSe 19 .
B NOTCH COVER AT ASSY TO ! | SOCENDID vALVE TSR EL X EC GE GO MO 15 [
PROYIDE CLEARANCE FOR GLAND / PLATE -ConTR0LS SuP NepR 1 -2 1179 EF7 117 .
ITEM ™3 [+PLACES) T ASSe 8Ly DR 1 7%l !
A ar AsS R 7D / | ASSEAMBLT -TANK 1C-2/79766 /51
NOTEH R.GI4S 53 7 1 BRACIKE 7- 172y
PROVIOE CCEARANCE fDk GeAnD T ASSEMELy - SeQ. vAives| D-2/7 73/ 7 i3] !
R 1764 23 (§ PLhces) F il Z - BATIERY ok i B-2/7T 282 7 .
- - T ARATE —toorfos sur R C- 2/ 722 T ZA
JFEZ - A D 277778, {_/0 N
7 FRon T FLATE T0.2/7928C EX N
I qi 7 [ Biock MTG _CR7 Bfk. A 2.7 9280 ZlN!
. . /B2 Cokca 7 BReAreL i CcNTROL Fhhek. Z/9777] 7 N}
i ! | FrrEL | Qu.rer " 7470 K I [N
i€ T | CouPi e 1.0 LPs _GAv. 5 -2
| P AN PRLE P, 0 /RS X3 TLE. CaY. | 4
P F RS Y B AND o/ ERdca jo0 1O vt 3
- @ 2 Barreey WETOMAL Mk 177208 | 2 {-—
@ [._.. /L EATTEE s ANy VB TIGIRL MINE  FET66T0) ]
r v [(: cop|azan| oescaIPTIoN B
‘e £ 7__,\ i LISt OF MATERIALS 8
e UNLESS STECTFRD oo wo. Bendix Research Laboratories
B 2179310 ] Toceances SOUTHFIELD, MICHIGAN
— MEXT ASSY FINAL ASSY DECIMAL  ANGLES e 3] T ——
APPLICATION % i : - ASSErIBLY ~GRTTELY BOX
Xk 2 cHam, 2 ® A

THIZ GOCUMENT CONTAINS PROPRIE.
TARY INFOMMATION AND suck 1. | SURFACE EINISH
FONMATION $AY NOT BE tiscL0SED MICROINCHES RHR SIZE [CODE IDENT NG
1O OTHERS FOR ANY PURSGSE KOR [ FATERIAL

[y
ovo

U320, $OR MANGEACTURIE PUn i a0 E| 13272 |2/79/77 I Xel .
AFPD

FOSER WTHOUT
£RGR THE AENDIX CORRORKTION

scae 774 fwr Tsieer s ok 7 [

T 550




»

PR

s I 7 e s | . |7 s ’ 2 l 1 Coe

2 20 v 1
ADPRON 45716 fevmos
- rezone] Descairtion Toare | arenavas
100 - -
. 1 ] T 1
-8
. r .
.
TJeo
4
—@NAA 3.
H
COUPLED CAR-REF- \@
I 2 |FATL SAFE BAAKE Sr=. F 2176031 a7
A 2 |GUARRD - SRUARE 7ud& 25130 id. ok gou. [R5
+ 12 | NUT - #EX V6= 18C2B 75| m
12 |WASHER -LOCK - Fra +4]
[ 72 (2. - %%, /18 iNCZA % 1.25 (4] LOIND FEAD 43
50.50 2 [BEACKET-FPE (75 1ET) c-2179/62-2 42
5 |BRACKET - 545 ( 4 15 <2179 /60 -1 4l
Z |FITTING,STREET ELBOW PARKER Ne /3 CD-55 |40 .
. A | FITTING, STREET EL.(457) PARKE R No./4 GD4S-55] 53 X
o {57417 EAz o <5 B M
M T GURRD ~L/APHRAGM BBEE(Erac)S0sTIN woven sere® 2/% 37
| |Peos - AANSEN 72 LeamITVAR 36 B
| | PevG-nANSEN No, £6G ~&~/2 3s]—

Navi

50 BYe & ® T@/Ej@ | e A ]
N\ I - PR Sy, [ e P e
: b ly : ! =4 = l

RELOCATE

il
T
|
|
i
|
1
.

L REFLECTORS
il b AS SHOWN
= -1
— _] e <
— iy ]
|| PLUG COURLING 82177775 34—
| | SocK&T~HANSEN No L &-1 72 33
t [sracker,enc 82117110+ 3z H
Z |FILTER WilKERSONNe.A-//74 31 | @ |
. AXIS OF ROTATION /_|FITTING, MALE CONN. PARKER No. 6F7X-55 | 30 ;
L N HOSE OVER £ AIR|HOSE, PAR FLEX-FABRER No. g2/ -5 E1
e @ 47, @@ 2 | FITTING, HOSE-PARK &R No. 3C/82-6-6 Fr) i
/| E70P Yax Ix 3V2 RS} 2T t
é A A 1 | FITTING,FEMALE CONN. DIRKER No.l2 GB-55 |Z6 H
- < 4 Z |FITTING, PIPE ELBOW SARKER Na.3/4DD-35 |25 :
i\ 2 [F777/0)6 -MoSE - PARKER Mo 20680-¢-62 12a) F |
Lapl T FI77inG, Pepocer PAZER No i @rRssies] i
AJR | P1PE, 374 NOM. SCHE O, 8O G ALYEN I ZED 122 -
' 2 |8UARD - SQUARE 7LBE 20 < 7.5 (G, 28 VI T |
| |FITTING, BULK.UNION ELBOW ZARKER No.Z WEB - 35 120
2 |WASHER, PLAIN 700 L.O_AIOM.- [El .
| | Soc kel =HRASEL No i s g2 AR [D | g i
/| @UARD - SQUARE 71.6E I3 x 8.0 18, % Epid 17 :
F |FITTING, MALE CaNN. SARKER Ne 12F7A-S5116
R I |BRACKET EXAREI B .
& | SCR-.315-16 UNC-ZA%.75 LG MEX HD 4
| [SPRING B3-2177:12. 13 :
T [SCREW PLATE B-217713 iz, -
- 3 | SCRMIOZ4UNCIAx.3BLG ROAQ n m'; .
- AR | CHAIN L NS
3 ["oRING | FARKER Mx2-120 |9 1101
- 1 | PLUG, ‘COUPLING v V3 2177322 8 u\v‘
- s AJR | HOSE, HIGH PEESS PARKER | | .2 307~/ Z/sa& 00RGAT T 111
240 -
& | FITTING, NOSE -PARKER No.20630-/2-72¢ | © 1i\ji
Z [FITTING, BIPE TEE § TIRKER No. 3 mm0.55] & |t
. ~ 7 |FITTING, PIPE ELBOW TSTLER No 'z DD-3S | 4
- T | FITTING, REDUCER SAZKER No. %4/ PTR-SY 3
ZR| PIDE /3 NDM. SCHED. 853 GALVANIEED Z |—
NOTES: — oln FITTING, FEMALE &r55um — :a?KE::A::.::‘E—S.f 7
DESCAIFTION e
4s€E . IDENT SPECIFICATION KO,
[\ posiTion sroe 7o SuibE RELE . TS oF wAveR AE is
LEVER 57 TRLESS OVFSRRISE SPECTFIED: | corerm o, - -
. d Bendix aboratories
) WELDING , AnE 1N S Research L
PAINT ALL WELDED PARTS AFTER L TO.ERANCES emoun0. 7879-20:0 SOUTHEIELD, MICHIGAN
zfx TirE —_
NEXTASSY” | FINAL ASSY DECIMAL angLes T ovaln, J0ss0 i i
. - x .04 orr) A awsla. 0883 MINE CAR, MODIFIED
— 2 = a
T ALL ASSEMDLED PaRTS BEFORE ASs> ArrLicaTiON X =l02 - e Atk )
DT RS GiRED o mEvEnT Conkasian ) o 157 cumew { oo |5Pe00ie ] W/FAIL SAFE BRAKE SYSTEM
. - TARY InFORMATION D S 14, | SURFACE FitdiS o vy A
TON BAY KOT BE DISCLSED | MICROINGHES AHA ioddalil st i ooeweRT REV.
TO OTHERS FOR kr Pu "
mn tom warricrm [P v {ime=s ol E 1212 | 72179018 i
74 ;
FOR T BROO CorronaTicn. arro =z 173 Tt [ser 7 07 7 {
————— oer
R EEEN EROC ' R N Co ) * L oL . . e e L I — I',';‘AB.SO /




. — e 20 L 18 7 | L3 | 5 12 | 13 12 | g v ¢ 10 | ? 7 | & | s I ¥ ¢ z §
. e’
A -
; peclzose] e [pare | seemovas
: LT i [
N B i ¥ 1} H Ll
f  — i - - . ]
[4 : : -4 p
[ S ]
i e N '
. R 3 F s 4
@ : 7 5?1 R Jei
k4 < R 5 f\,...l_\..\' -1 1
4 _ \, - » 4 - H
! | A b RO S V0 1 3
i : Ll L .
i‘" & + ] "X
; O | & 1,
= o T o -
: N A A S ———— p— ]
N i ™
8 . O 14,
+ . 3 ‘
/' SECTION C=C REFULRE: ]
/ ’ IRWIN SENSENICH = ME16 _
t SECTION Ba- & Js
x : @) ‘ &) 3«
BeLacES " B
5 Ve £ACH LINKAGE ]
.
- s ' L -
} [ an ;
: |2 :
3 F- R e —— soi 2
A L <A PER g
- L p5 .
%
I 43
o
= 1
t - 43
o az -
Lid
— B 40
N JR N - 25
oAl E GuiPE A 2477338 38|
W AT /e - uNC LA, a7)8
Linur Yo 10UNC RN 26
4 2] WASHER totw L 25
- 2 SCREW HWEX.HC- Y ~20UNC -5 o 6 234, —
SIS /u WASHER FLAT S5, %~ . 123
7 T I WASHER FLAT 35, . %4- 1=z |
‘8 121 CCTTER PN g X1” Ale
IO} WASHER FLAT S5 Z2* ot
: MINE CAR E 24790i% 23
— 13| nNur HEX. 213 YN 28]
{ 3| SCREW, HEX.HE: Y -13UNC -1 Ve LG 27
P I {WIRE ROFPE T7x/9 SS. Iy D5 18°LChE 506 STCP 126
[ SWERVE —WILCCX - CEITTENDEN 84 9C 25
¥ s ~ { Tl LATCH MECH. A55Y. | D 2/77576 24 | F
- L1 #WANGER McunT | D_zl7628%+% _ l23
Ll LEVOn M & el C &l
¢ - {1{ LEVER PEARK C 21777 I a2 —
\ I ILEVER FRCNT < 20272224 0]
1/ YLEVER P c 177377 12 :
' | 2 L BRAKE SHCE c 2177272 Bl
L/ ISPRING C 2174392 17 i
N2 g _2179/%6 /6 :
— Y I SHIM "B 2177377 15
- : VECCENTRC PIN Rr. B3 gl7737C 4
% B_21769¢¢ 13
Y T CLEVIS ~ADL oM. T 2i7582F I3 .
b CLEVPS ~ADs. Z A, E 2175827 #H H
PRI USTING SCREWS 8 275828 Q “\'h'
AN B _2/7462% A
) P 1 oI 8 2176823 \H
! R & 2i7sezz 7
- 71 AR CVEINDER B pi7E 7E® & Q:
3 3 ]
| I MOUNTING SPACER A RITTORE £
' I T LEVER A Bzt p
SECTION A=A T VECCENTRIE PN LA 42177369 )
_— ! 2 | STCP - fraNE ot PRI Y] 21—
l ZMOUNTINRG EPALELA \ 2 FrreaR/
! Réco feoot DEscRPTION Sear]  smoicanonwo, |Tee
i i T % RATERTALS [}
l ' AL SECFIED: | w0 T . .
) R { P : | Bendix Research Laboratories
! i TOLERANCES brouno. 2 ¥ 1126 MIGHIGAN
- e o
NEXTASSY | FINALASSY OEcMAL  MWGUES  baawn | FAle SAFE BeAKE AsSY
APRLILAYIOR XX 14—
cocnant contag mormit: | 0% 2 —— Ok 2P ¥ rE EAR
TARY MFORMATION anD suos In [PURFACE FINISH ——— —— ey A
FOAMATION WAY NO? BE DisciOstD | MICROINCHES RHA ———o TOLRTNO A5V,
TO OTHERS FOR ANY Punrose %OR EIaTERIAL -
e e o o i E iuzu 217603/ Ix3
el T BN COmPORANION =y N T
|ﬂnﬂ 850
LV I W SRS S




ara Gmen

. - N ! - - -
16 15 14 13 12 n 10 | s v | 8 7 6 5 4 3 2 1

':C;ﬁ;- REVISIONS
REV|ZONE DESCRIPTION DATE | APPROVAL
-1 4
- T
i PR
. 4‘\ B _
% 1 H
16
N —
| 4 F
\ —f B
i ¥ -
o] _ — | T | ' ' -
[ j 7 ; g ;
i : ! ! ety
) “r-- QZ>//’ ~ sl /2 -
) _ _ [ o o o u.f - — B
] \\ a —
i , I MO SR , : | | Z /3
1 . H
| 1k P | |COTTER PIN 092 04 x.02 STOCK 5
r o - ' : / | |WASHER -pamy OB 56 1.D..33 STOLK 14
4 [WATHEV -SPR 6, BELLEVILE Hve, "1X9:3050 |13
t|waskIv. - PLAN D BN D 0% STICK e
bOINOT - REX. HEAVY TEER ESNA # 79NU-0c6 L1 1T
| |SEHEM SHLOWBER pEpope @ STtk ol
BEARING -THP ST DL IO TRCCHATED ROCTH( 4 TB-B16 E) '!\95
| |PIN-LATCH A 2117343 8 im.
s £
| CLEWIS - LATCH & 2177335 7 i
2 | SCREw FiAT Hp D 2ZUNF-ZA STOCK 6 ;‘:;
pam HAV]
I | STLP -LATCH A 217733 i 5 |L-=d
I | LATCH A 21773 O 4
. | | CUB-ASS'Y LATCH RELEASE B 217723 4 3
- i 7 T‘\ || MEUNT - LATCH A 2177329 2
> e N N 1N Tk CYLINDER B 2701 8 /
™ T : ary | oty CODE PART OR
i —+— E e ’”*"t;‘f—}‘—r“' - REQD|REQD DESCRIPTION IDENT SPECIFICATION NO. ITEM
‘_.. ] + 'y o P LIST OF MATERIALS B
£ ¢ .~ UNLESS OTHERWISE SPECIFIED: . o
/ [N B CONTR NO. Bendix Research Laboratories
: I ; T()‘:ERA:NEC‘:;NCHES PROJNO. 1 0 - i) SOUTHFIELD, MICHIGAN
£ TITLE _
NEXTASSY FINAL ASSY &ECIMA!; o :NGLES T g /;S ,;- 5 ;’:__/"]E !_ \/ R
APPLICATION XXt - - .
XXX * — CHAM.1100 |APPD |specuve e |z.172 LATCH MECHAMNIS 1
THIS DOCUMENT CONTAINS PROPRIE-
TARY INFORMATION AND such IN. | SURFACE FINISH T —~iols e !
FSRMABIION MAAY NDT:E DISCLOSED MICROINCHES RHR . -~~~ APPD | 4/ Aol SIZE {CODE IDENT NO, REV. A
TO OTHERS FOR ANY PURPOSE NOR |MATERIAL: -
USED FOR MANUFACTURING PUR- APPD f7
POSES WITHOUT WRITTEN » D 11272 2 / / 7 3 —5 6 Xl
FROM THE BENDIX CORPORATION. APPD -
SCALE . wr JsHEET [ 7/
e ’ |oer S50

A-10




+

T,

94

’ / I FCor iH
- 3 ———E—ﬂ——u——| | 'O J
sP _ Al %— —3
¥
I s2
1
I L _,_.‘ -
/12|3l#|#lel? NnelB|C|D ¥ &
g ¥ N N
N

70 £CU BoxX

.

PRESSWEE S

+ Hfo Vv 40‘/
+ .
i = o
-
| : oL ser Fews M
| ! , yr__._‘__.« .@. VY VA S | S—
| s
i_'.}__|__|
OR
bz gl
Do
oL L Te S OO STV
! 2 3 Al h N , ,€ >3 —
—0 T~ i L/ & SOIL Sow
RV g2, ~\ 5
- - -
PRESSURE :
Dl Fuse
DA é 7 /84
{7t ® [ {5}
OVERLOAD [IROTELTION THER NIAL
S Vorrs RANGE 785 O crPl Zn
5 EO f2-&7 -85 JSOOFIXE
LBEND SN

REVISIONS

CONTROL PRODUCTS, INC.

BECKLEY, W. VA

ScremaTic § AcTuaL WiriNG
2 X7. 3R

DRAWN ::;fié‘f pate \\TLELY

APPROVED _ ___ SCALE ~.—__| No.C-/453&8

A-11




APPENDIX B

RECOMMENDED REGULATORY STANDARD

FOR AUTOMATIC AIR-BRAKE SYSTEMS ON

MINE-TRACK TRANSPORTATION SYSTEMS

IN UNDERGROUND COAL MINES




Report BRL/TR-74-7096

RECOMMENDED REGULATORY STANDARD
FOR AUTOMATIC AIR-BRAKE SYSTEMS ON
MINE-TRACK TRANSPORTATION SYSTEMS
IN UNDERGROUND COAL MINES

A. M. Kiwior

Bendix Research Lahoratories
Bendix Center
Southfield, Michigan 48076

Submitted May 1974

Contract H0110896
Automatic Brakes for Mine-Track

Transportation Systems
in Underground Coal Mines

Prepared for

PITTSBURGH MINING and SAFETY RESEARCH CENTER
Bureau of Mines

U. S. Department of the Interior

Pittsburgh, Pennsylvania



FOREWORD

This report was prepared by Bendix Research Laboratories, Bendix
Center, Southfield, Michigan 48076, under USBM Contract H0110896. The
contract was initiated under the Coal Mine Health and Safety Program.
It was administrated under the technical direction of the Pittsburgh
Mining and Safety Research Center with Mr. E. A. Curth acting as the
Technical Project Officer. Mr. J. A. Herickes was the Contracting
Officer for the Bureau of Mines.

This report (BRL/TR-74-7096) contains a Recommended Regulatory
Standard for Automatic Air-Brake Systems on Mine-Track Transportation
Systems in Underground Coal Mines. The standard was prepared by Mr.

A, M. Kiwior under the direction of Mr. M. H. Cardon of the Bendix Auto-
motive Program Management Center. Consuttation was provided by Mr.
G. L.. Judy of the mine consulting firm of George L. Judy Associates.

This report was completed as part of this contract during the
period of June 1971 to May 1974 and was submitted by the author in
May 1974,



PREAMBLE TO RECOMMENDED REGULATORY STANDARD FOR AUTOMATIC
ATR-BRAKE SYSTEMS ON MINE-TRACK TRANSPORTATION
SYSTEMS IN UNDERGROUND COAL MINES

In 1969, the Congress of the United States declared that '"the
first priority and concern of all in the mining industry must be the
health and safety of its most precious resource - the miner.'" There-
fore, Public Law 91-173, "Federal Coal Mine Health and Safety Act of
1969," was enacted.

Since haulage accidents account for a high percentage of coal
mining accidents, Section 3l4e, "Hoisting and Mantrips,'" was included
in the law. This section states: '"Each locomotive and haulage car
used in an underground coal mine shall be equipped with automatic
brakes, when space permits. Where space does not permit automatic
brakes, locomotive and haulage cars shall be subject to speed reduction
gear, or similar devices approved by the Secretary which are designed
to stop the locomotive and haulage cars with the proper margin of
safety."

The regulations in this Recommended Regulatory Standard are in-
tended to change mining equipment and practices to provide safe working
conditions for mine personnel. These recommended regulatory standards
represent the accumulation of the best information available from dis-
cussions with mining consultants; observations made at representative
mines; investigation of the state of the art of mine locomotive and
haulage car brake systems; review of existing standards and practices;
and the design, development and installation of automatic brakes on a
mine locomotive and five haulage cars.

This recommended standard was prepared under Contract H0010896
with the U. S. Bureau of Mines titled "Automatic Brakes for Mine-Track
Transportation Systems in Underground Coal Mines." A locomotive and
five coal haulage cars were equipped with an automatic brake system
and delivered to the U.S. Bureau of Mines, Bruceton, Pennsylvania, for
use in mining operations.
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1. SCOPE

This standard establishes performance and equipment requirements
for automatic air-brake systems on mine-track transportation systems in -
underground coal mines.

2. PURPOSE :

The purpose of this standard is to insure safe braking performance
of mine-track transportation systems in underground coal mines, under
normal and emergency conditions, by defining safety-related functional
and performance requirements for the brake system.

3. APPLICATION

This standard applies to locomotive and haulage cars used in under-
ground coal mines.,

The brake system of the locomotive and the entire trip shall be
controlled by the motorman. Brake application should be a smooth, con-
tinuous force, proportional to the brake control command of the motorman.

4., DEFINITIONS
The subject regulations will be interpreted by the following defini-

tions of certain terms.

Air-Brake System -~ A system that uses air as a medium for trans-
mitting pressure or force from the operator's control to the
brakes.

Automatic Braking System = The brakes on a locomotive and haulage
cars of a trip so interconnected that they can be operated to-
gether and by means of which the motion of the trip may be re-
tarded or arrested. Braking is comprised of '"service braking'",
"emergency braking'" and "breakaway' protection.

Brake Chamber = Housing cavity where air pressure is converted to
mechanical force.

Brake Effort - The force which presses the brake shoe(s) to the
wheel friction surface to cause a retardation of the wheel motion.
In the case of rail brakes, the force of the shoe(s) against the
rail.

Brake Pipe - The line of pipe and hose extending throughout the
length of the trip by means of which compressed air is supplied to
the brake devices on the vehicles and the pressures so controlled
as to effect the application and release of the brakes.




5.

Brake Valve - The valve located in the locomotive by means of which
operation of the brake system is controlled.

Breakaway - Non-intended trip separations.

Emergency Braking - The application of maximum braking effort.

Fail-Safe - An automatic braking system that will provide emergency
braking in the event of failure or malfunction within the braking
system,

Leakage Rate - The change or loss in pressure which occurs in an
isolated pressurized system because of leaks in that system. The
leakage rate is the pressure change, in pounds per square inch,
which occurs in one minute.

Maximum Speed - The velocity which should not be exceeded by the
locomotive and/or haulage cars.

Maximum Trip Load - The allowable gross weight of each haulage
car (empty car tare plus weight of load material) multiplied by
the number of cars in the trip.

Mechanical Override - A mechanism essentially separate from the air-
brake system capable of holding the brakes in the "off'" and "on"
positions.

Parking Brake - A mechanism which will hold a vehicle stationary.

Power Brake - A combination of parts operated by compressed air
and controlled manually, pneumatically, or electrically by means
of which the motion of a car or locomotive is retarded or arrested.

Secretary - Secretary of the Interior or his delegate.

Service Brake -= A mechanism which will retard or arrest the motion
of a vehicle under normal service operating conditions.

Terminal - A loading, unloading, or haulage-car storage area.
Trip - The cars hauled at one time by a locomotive.

REQUIREMENTS

All vehicles shall meet the following requirements under the condi-

tions specified in Section 6.

The automatic brake system controls are considered part of the loco-

motive and must be located on the locomotive. When used by itself,
the locomotive must meet all the requirements of this standard.



Brake system leaks, such as cylinder, brake pipe, valves, and con-
nection leaks, should only prevent release of the brakes. The total
system leakage of maximum trip load conditions must not exceed the cap-
ability of the brake system air compressor to maintain continuously the
highest pressure required for normal brake system operation. Individual
locomotive and haulage car system leakage rates should not produce a
significant pressure drop when the system has been pressurized and iso-
lated at the maximum operating pressure.

5.1 Required Equipment

5.1.1 Braking Mechanism

Each locomotive and haulage car used in an underground
coal mine shall be equipped with automatic brakes when space permits.
When space does not permit the installation of automatic brakes, the
locomotive and haulage cars shall be subject to speed reduction gear,
or similar devices approved by the Secretary, which are designed to stop
the locomotive and haulage cars with the proper margin of safety for
the mine haulage way.

5.1.2 Air Compressor

An air compressor of sufficient capacity to maintain
operating air pressure in the brake system during normal operation of
the vehicle shall be a part of the brake system. A suitable pressure
control shall be provided that will maintain a safe operating pressure.

5.1.3 Reservoirs

One or more service reservoir systems, from which air
is dellvered to the brake chambers, shall be part of the brake system.

5.1.3.1  Volume

The combined volume of all service reser-
voirs and supply reservoirs shall be at least twelve times the combined
volume of all service brake chambers at maximum travel of the brake pis-
tons or diaphragms.

5.1.3.2 Construction

All pressure vessels shall be constructed,
installed, and maintained in accordance with the standards and specifi-
cations of the American Society of Mechanical Engineers, Boiler and
Pressure Vessel Codes.

5.1.3.3 Leakage

Each service reservoir shall be protected
against loss of air pressure caused by failure or leakage in the system




between the reservoir and the source of air pressure by check valves or
equivalent devices whose proper functioning can be verified without
disconnecting any air line or fitting. Each service reservoir must be
equipped with at least one safety valve, set to vent the reservoir at a
pressure of ten pounds per square inch above the maximum setting of the
compressor pressure control.

5.1.3.4 Condensate Drain

Each reservoir shall have a condensate drain
valve that can be manually operated. The drain valve must be checked
on a regular basis to make certain it is functioning, but not less than
once each day that the vehicle is operated.

5.1.4 Pressure Gauge

A pressure gauge in the service brake system, readily
visible to the motorman seated in the normal operating position, that
indicates the brake line air pressure shall be a part of the brake
system,

5.1.5 Safety Valves

Safety valves must be provided in the system and must
be set to allow no more than 10 pounds per square inch pressure above
maximum operating pressure of the protected device.

5.2 Service Brake System

5.2.1 Testing
The service brake system on each locomotive and each
haulage car shall, under the conditions of Section 6, meet the require-
ments of paragraph 5.2.2 when tested without adjustments other than those
specified in this standard.

5.2.2 Stopping ~ Locomotive and Haulage Cars

The braking system shall stop the locomotive and trip
from the maximum allowable speed specified by mine management without
any part of the locomotive leaving the track.

The locomotive and trip shall be capable of being
stopped on a dry level track in not more than the distance specified
by curve 'A' in Figure 5-1, measured from the point at which movement
of the service brake control begins.

The service brake shall hold the locomotive and haul-
age cars stationary, facing uphill and facing downhill, on a dry trvack
at the maximum grade of the mine haulage way, when loaded to the gross
vehicle weight rating, under the conditions of Section 6.
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5.3 Parking Brake System - Locomotive and Haulage Cars

Each vehicle shall have a brake system that under the condi-
tions of Section 6 will hold the vehicle stationary, facing uphill and
facing downhill, on a dry track at the maximum grade of the mine haulage
way, when loaded to the gross vehicle weight rating.

5.3.1 Application and Holding

The parking brakes shall be applied by an energy
source that is not affected by loss of air pressure or brake fluid pres-
sure in the service brake system. Once applied, the parking brakes
shall be held in the applied position solely by mechanical means.

5.3.2 Parking Brake Control - Locomotive with Haulage
Cars Coupled

The parking brake control shall be operable by a motor-
man in the normal operator's position in the locomotive. The control
shall be identified in a manner that specifies the method of control
operation. The parking brake control shall control the parking brake
of the locomotive and of all haulage cars that it is designed to tow.

5.3.3 Parking Brake Control - Haulage Cars

When haulage cars are uncoupled from the locomotive
or from each other, the haulage car brakes automatically shall be
applied.

5.4 Emergency Braking System

The locomotive and haulage cars shall have a braking system
with emergency braking capability meeting the following requirements.

5.4.1 Breakaway Cars

In the event of an accidental separation, the brakes
of the separated cars, the remaining trip and the locomotive shall be
applied. The brakes on the separated cars shall remain applied until
intentionally released.

5.4.2 Operation of Emergency Brake System

5.4,2,1 Automatic Application

The emergency brakes shall be applied auto-
matically when the air pressure in the service brake air lines is less
than that required to operate the service brakes.

5.4.2.2 Automatic Braking Performance

With the brakes automatically applied,a
locomotive shall be capable of meeting the requirements of paragraph
5.4.2.3.



5.4.2.3 Release After Automatic Application

After automatic application, the brakes
shall be releasable only if they can be automatically reapplied and
exert the force required by paragraph 5.4.4.

5.4.2.4 Manual Operation

The emergency brakes may-be manually
operable; however, they shall not be capable of being locked in the
brakes-off position.

5.4.3 Emergency Braking System Failure

In the event of a failure of a brake pipe, valve, or
brake cylinder housing that is common to the service brake and emergency
braking systems, loss of air shall cause the brakes to be applied.

5.4.4 Stopping - Locomotive and Haulage Cars

The braking system shall stop the locomotive and
trip from the maximum allowable speed as specified by mine management
without any part of the locomotive leaving the track.

The locomotive and trip shall be capable of being
stopped on a dry level track in not more than the distance specified by
curve 'B' in Figure 5-1, measured from the point at which movement of
the emergency brake control begins.

The emergency brake shall hold the locomotive and
haulage cars stationary, facing uphill and facing downhill, on a dry
track at the maximum grade of the mine haulage way, when loaded to the
gross vehicle weight rating, under the conditions of Section 6.

5.4.5 Speed Limit Control

A speed limit control shall sense the locomotive
speed. When the speed exceeds the set speed limit, the emergency brakes
shall be applied. The speed limit control shall be set to apply the
brakes at a speed of 1 MPH faster than any speed setting between 0 and
10 MPH, 2 MPH above any speed setting between 10 and 20 MPH, and 3 MPH
above any speed setting between 20 and 30 MPH.

The brakes shall be releasable by activating a reset
control when the speed of the locomotive has been reduced below the
reset speed.

5.5 Mechanical Override

Haulage cars may have a mechanical override latching device
to release the brakes at loading or dumping areas. When the haulage
cars are recoupled to the locomotive, the overriding latching device
shall be made inoperable either automatically or by the motorman from
the normal operator's position.




5.6 System Environment

The automatic brake system must be capable of operation as
specified herein when exposed to any of the environmental conditions of
the mine.

5.7 Safety

Brake components must not protrude beyond the car body in
such a way as to be a danger to mine personnel. In the case of component
failure, system energies must not result in flying debris. System as-
sembly and disassembly procedures must be such that they may be con-
ducted without danger to persons involved.

6. CONDITIONS

The requirements of Section 5 shall be met under the conditions
specified below. Where a range of conditions is specified, the vehicle
must be capable of meeting the requirements at all points within the
range.

6.1 Test Conditions

6.1.1 Loading

As specified in paragraphs 5.2 and 5.3, the vehicle
will be loaded to its gross vehicle weight rating, distributed propor-
tionally to its gross axle weight ratings.

6.1,2 Controller Handle

Unless otherwise specified, the locomotive controller
handle will be in the "off" position during all deceleration and static
parking-brake tests.

6.1.3 Vehicle Openings

All vehicle openings, such as compressor hood and
battery covers, will be in the closed positions during all tests.

6.1.4 Brake Wear-In

Brakes shall be worn-in and adjusted before tests are
conducted.





