Troubleshooting 0\’)\“,6 ¢No
5 (0&

G

Friction Brakes v h e%
S5 (T1 ]

&

S

"

Course 305

o
TESTS ? C\"%&

O
0
O
>
>
@
7,

o metro

(/- PARTICIPANT
GUIDE

@ﬁ‘f “5@" . “‘}9’ ﬁ

U IFUA O A g
A\
,\s\“w o ﬁ“w Philadelphia

27, D003 RAIL CAR TRAINING CONSORTIUM

New Jersey B Accessible Station [ Parking U0t



Friction Brakes

Troubleshooting and Repair

Course 305 4

N
Partic@t@uide
Q\;:%ning Consortium

&
K



COURSE 303: TROUBLESHOOTING AND REPAIR OF FRICTION BRAKES

REVISION INDEX

Any additions, deletions, or revisions are to be listed below.

Revision

Date Section | Description of Change | Revision Author
Number

Disclaimer: This course is intended to

employees of public transportation systems that
have agreed to voluntarily partici i

R ar Training Consortium. It is intended only as
d should not be relied upon as legal advice.
Anyone using this document or infermation provided in the associated training program should
rely on his or her own i dgment or, as appropriate, seek the advice of a competent
professional in determi se of care in any given circumstances. The Rail Car
Training Consortiu ipating agencies and labor unions, as well as the Transportation
nty or warranty as to the accuracy or completeness of any

information pgdvide . The Rail Car Training Consortium, its participating agencies and
labor unions, @ e Transportation Learning Center, disclaim liability for any injury or
other dg 5 ofany nature whatsoever, directly or indirectly, resulting from the use of or

Ument or the associated training program.

NOTE: Urless otherwise noted, all images contained within this document were contributed by
Rail Car Training Consortium members.
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COURSE 303: TROUBLESHOOTING AND REPAIR OF FRICTION BRAKES

HOW TO USE THE PARTICIPANT GUIDE

Purpose of the Course

Course 305, Troubleshooting Friction Braking Systems, provides participants with the essential
steps to approach troubleshooting and repair of friction braking systems on U.S. transit light and
heavy rail vehicles.

Approach of the Book
Each course module begins with an outline, a statement of purpose and objectives as well as a

list of key terms. The outline discusses the main topics addressed in th
terms identifies important terminology that is introduced in each

objectives
le to demonstrate

to show that they have learned the material presented in the ning Applications are
built in throughout the course materials to assist the participe arning and reviewing key
information.
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COURSE 303: TROUBLESHOOTING AND REPAIR OF FRICTION BRAKES

MODULE 1

Pneumatic Braking Systems

Outline

1-1 Overview

1-2  Line Replaceable Unit

1-3  Electronic Control Unit Diagnostics 4
1-4  Brake Control Unit

1-5  Valves and Piping V

1-6  Air Compressor and Main Reservoir

1-7  Summary

Outcome and Objectives Q
The purpose of this module is to provide participants,with anye to troubleshooting

friction braking systems on rail cars within the conteXt of general troubleshooting and best

Following the completion of Course 300 sheoting Principles as well as this module, the
participant should be able to complete j ith an accuracy of 75% or greater:

e Troubleshoot the brake contro
e Troubleshoot valves and Ripi

e Troubleshoot air ¢ essaks and main reservoir

urses in the Rail Car Training Consortium series, this course on
trouble umatic braking systems builds on the principles outlined in Course 300
ciples. In that course the participant was provided with an overview of the
troublesh@oting process along with related general strategies, tips and pitfalls. In that course,
troubleshoBting is defined as “a systematic approach to find the source of a problem in an effort
to restore an operation or process.” In other words, troubleshooting is complex problem-solving
in a methodical and organized manner and an orderly and logical approach is required.

This module gets right into troubleshooting commonly reported problems with pneumatic
braking systems on a rail car. This module will draw on the many years of combined experience
of the subject matter experts in the Consortium as well as resources from their agencies. By the
time you are taking this course, you would have already inspected, maintained, and even applied
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COURSE 303: TROUBLESHOOTING AND REPAIR OF FRICTION BRAKES

1-5 VALVES AND PIPING

As the participant knows well, there are several types of valves associated with the pneumatic
brake system. In an earlier course this diagram was presented and the types of valves were
described.
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Figure 1.4 Brake Manifold and Cont

Generally, control valve problem
main reservoir which ar i
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essed when troubleshooting the air compressor and

in Section 1-4 of this module.

This section focusse§on bleshooting two types of valves: the J-1 relay valve and the R-1
drain valve.

J-1 Rela

The @ alvélis a pneumatic valve that inputs a low capacity control air flow and changes
it to a MghfCapacity air flow at a one-to-one ratio.

SYMPTOM

PROBABLE CAUSE

CORRECTIVE ACTION

J-1 relay valve has 1. Air leaking past seat

continuous venting of air
through exhaust port

Remove and replace J-1
relay valve as indicated.
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COURSE 303: TROUBLESHOOTING AND REPAIR OF FRICTION BRAKES

SYMPTOM

R-1 Drain Valve Troubleshooting

PROBABLE CAUSE

TESTS AND CHECKS

CORRECTIVE ACTION

R-1 drain valve is not
operating properly

Drain jammed with debris

Inspect for debris
clogging drain or check
valve.

Worn or damaged piston,
seals or diaphragms.

Clear drain as needed
ith an air jet with

recommended psi to

blow debris from drain.

Frozen material clogging
drain.

Replace parts as
indicated.

Air leaking continuously
through R-1 drain valve
muffler (compressor is
operating).

Torn drain valve
diaphragm.

Check valve leaking.

Replace heater as
indicated.

Remove and replace
drain valve as indicated.

ect piston seal for
cuts.

Remove and replace air
dryer as indicated.

Defective timer.

Inspect time
connections and
operation.

Tighten connections or
replace timer as
indicated.

Defective solenol

R-1 drain valve does not
purge during compressor
shutdown.

Check for air in fitting. If
air is present, check if
solenoid valve is
energized.

If solenoid valve is
energized, replace
solenoid as indicated.

eumatic signal from
igd’valve operation in
ntrol box/governor.

le

Check for proper
solenoid valve operation
on compressor control
box/governor.

Replace governor as
indicated.
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1-6 AIR COMPRESSOR AND MAIN RESERVOIR

COURSE 303: TROUBLESHOOTING AND REPAIR OF FRICTION BRAKES

When the air compressor is malfunctioning there can be many indicating symptoms. This section desgribes the steps taken to

SYMPTOM

identify and resolve common reported malfunctions of components of the rail car’s air compres

Air Compressor and Main Reservoir Troubl.'shooting

PROBABLE CAUSE

Compressor vibrates
excessively.

Mounting hardware is loose.

CORRECTIVE ACTION

Loose hanger fasteners.

Tighten mounting fasteners
to recommended torque.

Frame is loose.

Tighten hanger fasteners
to recommended torque.

spect for loose frame
fasteners of broken weld
ames.

Tighten frame fasteners to
recommended torque or
remove and replace
broken frame members.

Compressor operates
continuously. Does not
recycle.

nspect for signs of
leakage.

Isolate air leaks and
tighten fittings for replace
damaged components.

Inspect for continuous air
flowy from any safety
valve.

Replace safety valve as
required.

ssiy@ leakage through
i nd in reservoir.

Inspect for leaks in
piping.

Isolate leaks, tighten
fixtures, and replace or
repair parts as required.

eak from drain valve
ncer.

Use multimeter to verify
absence of
recommended voltage in
control box.

Inspect for debris in air
dryer drain valve check

Repair and replace control
box components as
required.

Remove and clean check
valve as required.
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COURSE 303: TROUBLESHOOTING AND REPAIR OF FRICTION BRAKES

MODULE 2
Hydraulic Braking Systems

Outline
2-1  Overview — Fluid flash point and safety. Causes of fluid breakdown
2-2  Line Replaceable Unit
2-3  Electronic Control Unit
2-4  Electro Hydraulic Unit
2-5  Troubleshooting Chart V
2-6  Summary

Outcome and Objectives

The purpose of this module is to provide participants with

Following the completion of Course 300 Troub
participant should be able to complete the olajecti

Principles as well as this module, the
n accuracy of 75% or greater:

e Demonstrate ability to diagnosegifansduce blems

e Troubleshoot the EHU
e Troubleshoot motor asse \

e Troubleshoot contr

e Troubleshoot aéCu
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COURSE 303: TROUBLESHOOTING AND REPAIR OF FRICTION BRAKES

2-3 ELECTRONIC CONTROL UNIT DIAGNOSTICS

The purpose of the electronic control unit (ECU) is to interface between the propulsion system
and the friction braking system. The participant should recall from Course 105 Introduction and
Overview to Friction Brakes that the ECU is described as a logic controller that monitors many
functions of the rail vehicle including those which provide friction brake service and wheel-slide
control. On newer rail cars, the ECU is a microprocessor-based device with extensive fault
detection and annunciation capabilities to which portable test equipment (PTE) can be connected
to report specific faults as Figure 2.2 illustrates.

KNORR BRAKE
CORPORATION

SANTA CLARA PORTABLE TEST UNIT SOFTWARE V1.02a

MANUAL CONTROL 1

_ DIGITAL NPT SCREEN (F1) MANUAL RELAY CONTROL [F7) MANUAL CONLEGIZ & FB CUTOUT
OICITAL OUTPUT SCREEN (F2] | BRAKE CONTROL DATA (F8) MANUAL 3 NIA
AN AT ) FREITINE OMRacInD FB ENGAGED
E?ME?tgﬁmgp? Dg:m m::—:r: - MANUAL RELEASE
CRAOR BITFLAT (18] _ NiA

ECU TYPE AXINUM BRAKE § NiA

EMRRGENCT BRAKE & NiA

Pt Trusk 0 Port
@ Gt Touk 8 cor | | QuIT (ESC)

Figure 2.2 Portable Test Equipmént Inte ith ECU —courtesy Santa Clara VTA

The ECU runs diagnostics using s ecifie to the rail vehicle. If your agency has this
capability on its rail cars, the insgku e you through this diagnostic system either
through a simulation or hands-onesso

5. What steps are there for the rail car technician to take as far as checking that the ECU is
operational?

As you participate in that lesson, you may want to use the space on the following page for your
notes.
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COURSE 303: TROUBLESHOOTING AND REPAIR OF FRICTION BRAKES

2-4 ELECTRO HYDRAULIC UNIT

Troubleshooting the electro hydraulic unit itself is challenging. The most common problem
reported with the EHU is that the oil level is low which expresses problems elsewhere in the
friction brake system on the rail car. Some agencies use OEM-recommended portable test
equipment that has the necessary hydraulic and electrical accessories to test the EHU in
accordance with the OEM’s test specifications. Some agencies refer to portable test equipment as
“portable test unit” or “portable test box.” More on portable test equipment is discussed later in
this course in Module 4.

Depending on OEM design, rail car EHUs are typically installed on each truc il vehicle.
An example is shown in Figure 2.3 of the EHU installations on a Siemens® light rail vehicle used
in Charlotte.

EHU-B EHU-C EHU-A

(underfloor mounted) (roof mounted) (underfloor mounted)

Whenever a g ‘

removed W unitthstalled. EHU removal and replacement are important tasks for rail car
technici arming Application 2A is a case study of these procedures from a Consortium rail
car a
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COURSE 303: TROUBLESHOOTING AND REPAIR OF FRICTION BRAKES

SYMPTOM

Hydraulic Friction Braking System Troubleshooting

PROBABLE CAUSE

TESTS AND CHECKS

CORRECTIVE ACTION

(continued from
previous page)

Check fluid level in E

ill EHU reservoir as
icated.

Validate suppl
transducer is fu
properly byase
with PTE.

Check wiring. Replace
EHU if indicated.

Faulty brake cylinder pressure Valid inder Check wiring. Replace
transducer. pres EHU if indicated.
Faulty analog control valve. Man Check wiring. Replace

rakes by applying
essure to the brake
through the service
function of the PTE.

EHU if indicated

Brake failure.
Brakes do not

apply.

Brake release cutout en d.

Verify that friction brake
cutout is enabled.

Not applicable.

No brake demand r d
ECU.

Verify that a requested
brake effort was
commanded by the
vehicle control unit.

Not applicable.

Overbraking.

No brakegdl/L rgeeived by the ECU
in rescue e.

Check wiring
connections. Verify that
ECU acknowledges the
T/L by checking the PTE
I/O screen.

Not applicable.

ssure regulator error.

Measure brake cylinder
pressure with PTE and
compare with
target/demand pressure.

Correct per OEM
recommendations.
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COURSE 303: TROUBLESHOOTING AND REPAIR OF FRICTION BRAKES

MODULE 3

Electromagnetic Brakes

Outline
3-1  Overview
3-2  Track Brakes
3-3  Summary

Outcome and Objectives

electromagnetic brake systems on rail cars within the context of g
practices. This module also prepares participants for nation ificagion testing.

Following the completion of Course 300 Troubleshooting

participant should be able to complete the objective
e Troubleshoot the rail vehicle’s track brake.
e List common problems reported with tra

3-1 OVERVIEW

sas well as this module, the
of 75% or greater:

Track brakes are used during emer.
commanded by the vehicle operator.
(Figure 3.1) which consists of sprfing-mQented articulated pole pieces and a spring suspension.
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Figure 3.1 Track Brake Assembly —courtesy CATS
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COURSE 303: TROUBLESHOOTING AND REPAIR OF FRICTION BRAKES

Track brake failure
reported.

v

Operate track brake
manually

\ 4

Track brake
released
manually?

Check mechanical
components. Make
necessary repairs

Operate track brake
electrically.

Check logic and
electrical components.
Make necessary

ectrically? adjustments.

Track brake is working as
designed. Complete paperwork
with repair information and
release for service.

Figure 3.2 Troubleshooting Track Brake Failure with Flow Chart

Typical track brake troubleshooting procedures are listed in the table on the following page.
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COURSE 303: TROUBLESHOOTING AND REPAIR OF FRICTION BRAKES

MODULE 4

Foundation Braking Equipment

Outline
4-1  Overview
4-2  Brake Calipers
4-3  Disc Brake Units

4-4  Spin-Slide and Sanding Systems
4-5  Summary

Following the completion of Course 300 Troubleshooting Princip this module, the
participant should be able to complete the objective with an 75% or greater:

e Troubleshoot calipers
e Troubleshoot disc brake units

e Perform checks and tests of a ragh\vehigle ding system

e Troubleshoot brake calip,
e Explain anti-sQ\
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COURSE 303: TROUBLESHOOTING AND REPAIR OF FRICTION BRAKES

4-2 BRAKE CALIPERS

Symptoms such as an unusual brake odor or brakes overheating can be caused by faulty brake
caliper as shown in the two Troubleshooting Note Record samples below.

Troubleshooting Note Record

Initial Problem or Unusual brake odor
Complaint
Information Reported by operator.
Collected: Inspection of train confirms odor.
Systems or Friction brake units, air valves, propulsion syst calipers, parking
Subsystems brake.
Involved:
All Possible Causes: e Stuck air valve
e Brake caliper stuck
e Loss of dynamic brake
e Parking brake not releasi
Tests to Perform: v Visual check of bral release
v" Check parking
v Check propulsio d propulsion system

Initial Problem or

Complaint:

Information eported by operator. Inspection confirms odor and smoke
Collected:

Systems or achometer, Master controller, p-signal generator, brake calipers
Subsystems

Involved:

Faulty tach
Faulty wiring
Loss of p-signal
Frozen caliper

PTU — test tach with ohmmeter
Try releasing caliper manually

Tests to Perform:

AN
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