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COURSE 205: INSPECTION AND MAINTENANCE OF FRICTION BRAKES
MODULE 2: PNEUMATIC BRAKING SYSTEMS

MODULE 1
GENERAL INSPECTION AND MAINTENANCE

Outline

1-1  Overview
1-2  Inspection and Maintenance Schedules
1-3  Summary

Outcome and Objectives
Participants will be able to explain the principles of inspection and maintepa n working
on a rail vehicle’s friction brakes.

Upon completing this module, the participant should be abl the following
objectives with an accuracy of 75% or greater:

e Explain agency’s schedule of friction brake systems’ ion and maintenance.
e Examine requirements of PM sheets

e Recognize diagnostics-based maigitenan

Key Terms \

e Unscheduled mainte
e Scheduled (prgVentiye) maintenance

Abbreviati
BCU®

Hydraulic Control Unit (sometimes HPCU for Hydraulic Pressure Control Unit
O: Lockout/Tagout
NAS)y- National Aerospace Standards (for particle levels in hydraulic fluids)
OEM: Original Equipment Manufacturer
PPE: Personal Protective Equipment
PSI: Pounds per Square Inch
RTS — Rail Transportation System
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COURSE 205: INSPECTION AND MAINTENANCE OF FRICTION BRAKES
MODULE 2: PNEUMATIC BRAKING SYSTEMS

1-2 INSPECTION AND MAINTENANCE SCHEDULES

Each transit agency schedules periodic inspection and maintenance of each of their rail vehicle’s
friction braking systems by following recommended cycles recommended by the rail car
industry, the authority having jurisdiction (AHJ) over the public transportation agency, the OEM,
or a combination of all. Generally these schedules are based on time, for example, the number of
hours a rail car is in operation; or on distance, the number of miles the rail car is in operation. In
addition, there are also maintenance schedules recommended by the manufacturers of OEMs that
are considered by transit agencies.

Preventive Maintenance

Preventive maintenance (PM) involves the inspection and maintenanceqef ail vghicle friction

braking system that is performed on a regular schedule in order to lessen ood of
failure. Preventive maintenance has many advantages including:
e Better conservation of assets and increase life expe C s, thereby eliminating
premature replacement of machinery and equipme
e Timely, routine repairs circumvent fewer large-scal
e Reduced cost of repairs by reducing secondary failure en parts fail in service, they
usually damage other parts.
e Improved safety and quality conditions.
For its 1000-series rail cars, PATCO p tative maintenance at specific distances the
car has is in revenue service. For the 5K inspection), the PM chart shown in Figure 1.1

lists the checks that must be perfo

Manual (RMSM) to which the m
component, checks for p il,

tai an reference. Space is provided for notes on each
well as whether a potential issue is resolved.

3 PM sheet in Figure 1.1 similar and different from the PM sheet you use in
for friction brakes?
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COURSE 205: INSPECTION AND MAINTENANCE OF FRICTION BRAKES
MODULE 2: PNEUMATIC BRAKING SYSTEMS

MODULE 2

Pneumatic Braking Systems

Outline
2-1  Overview
2-2  Electronic Control
2-3  Brake Control
2-4  Air Supply
2-5  Summary
Outcome and Objectives

Participants will be able to apply the steps involved in insp
components of the pneumatic braking systems on rail cars
agencies.
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e Inspect and maj

e Inspect and Mai brake control unit

Key T,

. rain Valve
e COtout valve

e Check valve

e Drain valve
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COURSE 205: INSPECTION AND MAINTENANCE OF FRICTION BRAKES
MODULE 2: PNEUMATIC BRAKING SYSTEMS

2-1 OVERVIEW

This module helps the participant examine maintenance procedures that can be modeled in their
approach to inspect and maintain major components of a rail vehicle’s pneumatic brake system.
There are variations in a rail car’s pneumatic braking system in terms of configuration as well as
OEM design. This module uses a three-part approach in listing recommended practices for
inspection and maintenance:

1. Anoverview of the component.

2. A guide showing general recommended inspection and maintenance st hat
component beside which the participant can note their agency-specific inspe and
maintenance requirements for that component.

3. A case study from a Consortium rail agency listing the steps th
inspect and maintain that component. The intention of thi

In all the inspection and maintenance procedures listed in , the participant should
refer to the OEM’s maintenance manuals for particulars suchyg e values, voltage settings,
pass/fail criteria, condemning limits, clearance meastiiements and specific procedure
methodology. Component failures or deficienci be noted by the rail car technician and
resolved within the recommended procedur in conjunction with the rail
transportation agency.

This module organizes inspection andinai ance of pneumatic braking systems into four
functional areas:

1. Electronic control

2.  Brake control
3. Airsupply
2-1 N NTROL

U consists of the daily self-test, which is performed upon keying in, and
logged-in faults from the ECU. Depending on the ECU design, faults may be on a
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COURSE 205: INSPECTION AND MAINTENANCE OF FRICTION BRAKES
MODULE 2: PNEUMATIC BRAKING SYSTEMS

Learning Application 2.1

Working with a partner, examine the components labeled in Figure 2.2 in order to
complete the following activities.

1. Using a highlighter, highlight ONE of the following on the diagram:
Choke valve

Solenoid valve

Tower valve

Separators check valve

Safety valve
2. How many valves are labeled on the diagram? V

3. How many safety valves are shown on this diagram?

4.  What is the psi for each safety valve?

5. Note the compressor governQfin theddiagram. What do you think is its purpose?

6. |If avallable@hls diagram to the similar one of the rail car on which you
any,

work. Wha are the major differences? Note them in the space below.

Q.
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COURSE 205: INSPECTION AND MAINTENANCE OF FRICTION BRAKES
MODULE 2: PNEUMATIC BRAKING SYSTEMS

Valves

A valve is a mechanical device that controls or interrupts the flow of air a pipe in the pneumatic
braking system. The participant may recall from Course 105 the many types of valves which
make up the brake control system of air brakes. The types of valves that were described include
feed, recharge, J-1 relay, load weigh, check, cut-out, and dump valves.

Check Cut Out

Valves Valves Test Ports

Emergency
Brake Valve

Al L u] - . ‘.
Recharge [N t ) i Variable
Valve "alve me
% -y Load Valve

] Application
Figure 2.3 Air Valves on Brake Manif@ld ¢
The following table is a li enggkal r

TA

Valve
ecommendations for inspecting valves.
Ives Inspection and Maintenance

a
d Your Notes on Agency Requirements

ition of valves.

e When indicated, clean exterior of valves per
OEM recommendations.

e When indicated, inspect valve setting by
attaching a pressure gauge at the recommended
test point
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COURSE 205: INSPECTION AND MAINTENANCE OF FRICTION BRAKES
MODULE 3: HYDRAULIC BRAKING SYSTEMS

MODULE 3
Hydraulic Braking Systems

Outline
3-1  Overview
3-2  Electronic Control
3-3  Hydraulic Brake Control
3-4  Summary

Outcome and Objectives

Participants will be able to apply the steps involved in inspg€
components of the hydraulic braking systems on rail cars
agencies.

Upon completing this module, the participant s d bgable to complete the following
objectives with an accuracy of 75% or greater:

e Inspect and maintain flush cart
e Inspect and maintain electrica licanit

e Inspect and maintain mo

e Inspect and maintai

this module, the participant should be able to complete the
acy of 75% or greater:

Key

e FluShycart
e Pump-off circuit
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COURSE 205: INSPECTION AND MAINTENANCE OF FRICTION BRAKES
MODULE 3: HYDRAULIC BRAKING SYSTEMS

3-1 OVERIEW

This module helps the participant examine maintenance procedures that can be modeled in their
approach to inspect and maintain major components of a rail vehicle’s hydraulic brake system.
There are variations in a rail car’s hydraulic braking system in terms of configuration as well as
OEM design. This module uses a three-part approach in listing recommended practices for
inspection and maintenance:

1. Anoverview of the component.

2. A guide showing general recommended inspection and maintenance steps fofithat
component beside which the participant can note their agency-specific n and
maintenance requirements for that component.

3. If applicable, a case study from a Consortium rail agency listing,theteps that agency

follows for inspect and maintain that component. The mtentlon tudy is
provide useful context for which the participant can appr ion‘and maintenance
of that component as well as consulting with their age ion on such
procedures.
The first thing to note in a course like this is that the config hydraulic braking systems
varies by rail car type. As such, the participant should be ma pecome familiarize

themselves with the layout of the friction brakes equigment on the rail car type with which they
are working. Figure 3.1 shows a block layout of@aydraulic braking system on a three-truck light
rail vehicle used by the Denver RTD.

OPERATOR PROPULSION
CONTROL CONTROL
PANEL PANEL
EHU
HPU
BCU

1 KEY
CENTERNON- REAR : EEB . E'ejtm l'.'iygra”"cllf rflt
POWERED POWERED : ydraulic Power Uni
TRUCK TRUCK 1 BCU - Brake Control Unit

______________________________

Figure 3.1 LRV Hydraulic System Block Diagram —courtesy Denver RTD
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COURSE 205: INSPECTION AND MAINTENANCE OF FRICTION BRAKES
MODULE 3: HYDRAULIC BRAKING SYSTEMS

Accumulator

Parking Brake
Applied Switch

Oil Reservoir

SPRING

n
Check Valve Pressure Accumulator A Accumulator
&> Transducer Low Switch @
. @
Test
@ w % Point
Filter & B T Parking Brake
mer ypass Release Valve
Relief Valve Iﬂml Relief Valve anual Accumulator

Pressur Pressure Release
Hand Valve
1
ransducer
Brake Released
| Switch
| - — SERVICE
Test BRAKE
Point
QD

KEY
QD - Quick Disconnect

Calipers
Hydraulic Applied
Spring Park Brake

QD

Figure 3.2 Hydraulic Braking System Schematic —courtesy Denver RTD
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COURSE 205: INSPECTION AND MAINTENANCE OF FRICTION BRAKES
MODULE 3: HYDRAULIC BRAKING SYSTEMS

Case Study 3.2: VTA, Santa Clara, CA

10,000 Mile Inspection
Specific OEM parts and __ A FilterfBraather

supplies needed:

Accumalator

Spring Applied Brake

Hydraulic fluid
Locking wire
Clean cloth

Filler unit and filler Gonwal Cable  |* | - " & Voo
adapter '

1. Check hydraulic fluid level in EHU

a. Chock the vehicle wheels

b. Shut off power to EHU
c. Remove H valve cap ea
valve.

I in EHU reservoir. Hydraulic fluid level should be even
n side of EHU reservoir.

60,000 Milgylnspection
Specific OEM parts and supplies needed:

Breather with ring seal

Approximately one gallon hydraulic fluid
Oil filter

Oil filter cap O-ring

Locking wire
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COURSE 205: INSPECTION AND MAINTENANCE OF FRICTION BRAKES
MODULE 3: HYDRAULIC BRAKING SYSTEMS

PARTICLE
COUNTER

' ) . i, _ o
Wk ahid ™~y .-l- ] l‘ i i
Figure 3.8 CM20 Particle Counter Mounted on Flush Unit —courtesy Denver RTD
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COURSE 205: INSPECTION AND MAINTENANCE FRICTION BRAKES
MODULE 3: ELECTROMECHANICAL BRAKES

MODULE 4

Electromechanical Brakes

Outline
4-1  Overview and Principle of Operation
4-2  Track Brakes
4-3  Summary

Outcome and Objectives V

Participants will be able to apply the steps involved in inspecting, ing: and testing major
components of the electromechanical braking systems on raj in major U.S.
transportation agencies.

Upon completing this module, the participant shouldgbe able lete the following

objectives with an accuracy of 75% or greater:

e Inspect and maintain track brakes i
- Measure track brake
- Test track brake

Following th of this module, the participant should be able to complete the
objecti h ccuracy of 75% or greater:
Key S

e Track brake
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COURSE 205: INSPECTION AND MAINTENANCE FRICTION BRAKES
MODULE 3: ELECTROMECHANICAL BRAKES

4-1 OVERIEW

The focus of this module is on the inspection and maintenance of track brakes. Track brakes are
used during emergency brake applications, maximum braking, and when requested by the
vehicle operator.

4-2 TRACK BRAKES

The track brake system is comprised of
electromagnet track brakes mounted on the
rail vehicle. Its purpose is to provide adhesion
to the rail that is independent of the
dynamic/friction braking force on the vehicle.
A magnetic field generated by the track brake
causes the track brake to be pulled down to
the rail.

The main components of the track brake are
the rail shoes, tie bar, magnet, cable for the
electrical connection, and suspension springs
used to hold the magnets suspended over the
running rail.

SUSPENSION
SPRING

SUSEENSIC [

Figure 2 Track Brake Assembly —courtesy CATS
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COURSE 205: INSPECTION AND MAINTENANCE FRICTION BRAKES
MODULE 3: ELECTROMECHANICAL BRAKES

* . 11 E 38 + 0-1/32 IN
(] * RAIL SURFACE
WORN BRAKE SHOE 0.16 IN Vo

Figure 4.3 Track Brake Height Check —courtesy CTA

4-3 SUMMARY

to approach inspection and
dations in this module should be applied in

This module provided a framework for rail
maintenance of track brakes. The steps
conjunction with those of the partici

~
&

rec
s rajt agen
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COURSE 205: INSPECTION AND MAINTENANCE OF FRICTION BRAKES
MODULE 5: FOUNDATION BRAKE EQUIPMENT

MODULE 5

Foundation Brake Equipment

Outline

5-1  Overview

5-2  Cab Brake Control; Parking, Hand, Tread Brakes; Manual Brake Release
5-3  Brake Caliper

5-4  Disc Brake Unit

5-5  Sanding System
5-6  Brake Actuator, Spring
5-7  Summary

Outcome and Objectives

Participants will be able to apply the steps involved in inspg aintaining, and testing major
components of foundation brake equipment on rail cars useg op U.S. transportation

agencies.

Following the completion of this module, the p
objectives with an accuracy of 75% or greater:

should be able to complete the

e Inspect and maintain
- Brake Actuator
- Spring

Hand or Parking

Key Ter
e Brake head e Disc brake unit
e Brake pad e Rotor or Friction Ring
e Brake rotor (brake disc) e Tread brake unit (TBU)
e Brake shoe
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COURSE 205: INSPECTION AND MAINTENANCE OF FRICTION BRAKES
MODULE 5: FOUNDATION BRAKE EQUIPMENT

5-3 BRAKE CALIPER

The brake caliper is the assembly on disc brakes that holds the disc pads and straddles the disc.
Typically caliper maintenance follows the OEM recommended intervals. For example Denver’s
RTD follows this schedule for performing maintenance on brake calipers on their light rail
vehicles:

ACTIVITY INTERVAL
v' Safety inspection
v’ Check brake pad wear 2 months or 15K km
v" Grease caliper and support rod
v’ Bleed caliper 1 year or 100K k
v Overhaul 5 years or 500K k v

Source: Training Manual for the LRV, Denver RIi,

BRAKE
RELEASE CAP

BRAKE PADS

PAD CLIPS

Figure 5.4 Power Truck Brake Caliper on LRV —courtesy CATS
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COURSE 205: INSPECTION AND MAINTENANCE OF FRICTION BRAKES
MODULE 5: FOUNDATION BRAKE EQUIPMENT

5-6 BRAKE ACTUATOR, SPRING

The brake actuator is a relay device that is part of the brake assembly that stores energy. Its sole
purpose is to ensure that the brakes are applied at the same instance to all of the rail vehicle
wheels.

The brake actuator is enabled after the air, hydraulic and electrical lines from the front of the rail
vehicle are attached to the correct connectors to each brake assembly on the rail car. On
activation, the front brakes act almost instantly, while there would be a bit of lag timg to the rear
and other brake assembly, the brake actuator eliminates this lag time. Spring-appli
provide the fail-safe elements of the safety system in rail vehicles. If the energy sup
braking force is provided with the force of a mechanical spring.

The main requirements for inspection and maintenance include the folloWing:
e Check spring
e Adjust spring

e Replace spring as indicated per OEM recommendatio

5-7 SUMMARY

Foundation brake equipment is th igle technician will spend a lot of time when

inspecting and maintaining train

most assuredly will have more specific steps and
module, the participant is encouraged to use this module as
approach to inspection and maintenance of rail vehicles.

While your rail transpor,
procedures than thos
a base for acquiring
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