Introduction and | e ’j
Ove rVieW Controller _

1o

Friction Brakes & ™ N
COUI’SG 105 Brac$ m

PARTICIPANT
GUIDE



Table of Contents

How to Use the PartiCipant GUITE ........ccecveiieieiie et nnes ii
IMODULE 1 ...ttt sttt bttt st et et st e s et et et n et nes 1

General Principles and TerminolOgy ........cccooueiioieiiieiise e ns 1
1-1 SAFELY REVIBW ...ttt sttt b et e s bt et e et e nbeenteeneesne et 2
1-2 OVErview t0 FriCtION BraKeS.........ccoiiiiiieiieieeiie st see e ae s ste e e sae e e e enaesnaenneas 5
1-3 Train Brakes Classification
1-4 SUMMAIY .ottt e st e e e s e e e bt e e e bn e e e bneeenes

MODULE 2 ... e e

Pneumatic Braking SYSIEMS .........cccevviiiiieiesie e
2-1 Overview and Principle of Operation
2-2 Electronic CONLrol.........cccoieiiiiiiiieeee e
2-3 Brake Control.........ccoeiieiiiiiieee e
2-4 AT SUPPIY oo
2-5 Braking Devices
2-6 SUMMAIY ..eoiiiiiiiiie et

MODULE 3 ...

Hydraulic Braking Systems...........c.cccovvevvivevieergenenns
3-1 Overiew and Principle of Operation
3-2 Electronic Control
3-3 Brake Control .........ccceeeviieinennens
3-4 Braking Devices ..........ccccvenen,
3-5SumMmMary.......cccoeveenieeninnne

MODULE 4 ...

Electromechanical Brakes
4-1 Overiew and Princi

Foundationd
5-1 Ovekiew

Tools and Materials
LT R O AV T 4T YOS
(A 1T LT | I o o] RO
6-3 SPECIANIZEU TOOIS ... .ecvieieeie ettt aeeaeene e s reenaeenaesreeneeas
B-4  SUMIMAIY ...ttt stttk e ettt b e sk b e e bt e s ae e e bt e e b b e et e e she e e beesbbeebeenaneebeeannas

Table of Figures

DRAFT e Infended For Use by Rail Car Training Consortium Members Only
© 2017Transportation Learning Center e Page iii



COURSE 105: INTRODUCTION AND OVERVIEW TO FRICTION BRAKES
MODULE 1: GENERAL PRINCIPLES AND TERMINOLOGY

MODULE 1
GENERAL PRINCIPLES AND TERMINOLOGY

Outline

1-1  Safety Review

1-2  Overview to Friction Brakes
1-3  Train Brakes Classification
1-4  Summary

Outcome and Objectives

Participants will be able to explain the principles of a rail vehicle
completion of this module, the participant should be able to compleig. t

of 75% or greater: Q

braking systems

kes. Following the
bjectives with an accuracy

e List safety considerations specific to working,with

e Describe a rail vehicle’s braking control

e Explain the purpose of friction braki

e Categorize common classificatiog8 of

Key Terms
e Blended Service Braking \

e Brake Control Sy

ECU: Electronic Control Unit

HCU: Hydraulic Control Unit (sometimes HPCU for Hydraulic Pressure Control Unit
LOTO: Lockout/Tagout

OEM: Original Equipment Manufacturer

OSHA Occupational Safety and Health Administration

PPE: Personal Protective Equipment

PSI: Pounds per Square Inch
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COURSE 105: INTRODUCTION AND OVERVIEW TO FRICTION BRAKES
MODULE 1: GENERAL PRINCIPLES AND TERMINOLOGY

demand for braking occurs than can be supplied by dynamic braking then then friction braking is
applied. Figure 1.4 presents an overview to the sequencing of dynamic and friction braking.

Traction /

Brake Brake Demand
Controller >

A 4 b 4
Dynamic -
Monitor
Bl Braking
Enough?

v v

Brake demand met Add Friction

Brake
in Braking Sequence Chart
The friction brake syst icle is a complex system actuated by a pressure system
(pneumatic or hydr g with electromechanical and spring-applied systems. Many rail
cars use three typ inggftynamic, friction, and electromechanical. Dynamic braking is
the use of the glé i otors, which act as generators when decelerating or slowing

energy.

phase @
ssively and proportionally to decelerate the rail car. The combination of dynamic and

aking is known as blended service braking and its purpose is to ensure a smooth and
even deceleration rate.

Friction braking is a common braking system used by trains and it acts by dissipating the
kinetic energy of the moving train and converting the energy to heat. The heat is generated from
the friction between the brake pad and the brake disc or between block and wheel tire during
braking. Friction braking is the most common type of brake used by trains, it acts by dissipating
the kinetic energy of the moving train by converting the energy into heat. There is an entire
course in this series devoted to friction brakes.
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MODULE 2: PNEUMATIC BRAKING SYSTEMS

MODULE 2

Pneumatic Braking Systems

Outline
2-1  Overview and Principle of Operation
2-2  Electronic Control
2-3  Brake Control

2-4  Air Supply
2-5  Braking Devices
2-6  Summary

Outcome and Objectives

Participants will be able to explain the principles of pneu :
rail cars used in major U.S. transportation agencies. gollowi mpletion of this module, the

e Explain the principles of operation of a p rake system
e |dentify the major components of ghe ion subsystems of a pneumatic brake

Following the completion of this ul icipant should be able to complete the
objectives with an accuracy of 7 N
Key Terms
e Added weight(A o Fail safe
o i e Flat spots (wheel flats)
. e J-1lvalve
. e Load weigh valve
. e P-signal
. e Relay valve
o e Slip/slide/creep control
o e Test ports (test fittings)
e Electronic control module e Variable load valve
e Electronic control unit e Wheel creep
e Emergency brake (EB) valve e Wheel slide
e Emergency magnet valve e  Wheel slip
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COURSE 105: INTRODUCTION AND OVERVIEW TO FRICTION BRAKES
MODULE 2: PNEUMATIC BRAKING SYSTEMS

2-1 OVERVIEW AND PRINCIPLE OF OPERATION

Pneumatic describes any equipment that is operated by or with air pressure. This is why
pneumatic brakes are sometimes referred to as “air brakes.” A pneumatic brake system is a
power braking system with compressed air as the operating medium. In the pneumatic friction
braking system, high pressure air is used to create the friction forces necessary to slow or stop
the rail vehicle.

In a broad sense, a rail vehicle’s pneumatic brake system operates in a similar fashiop like the
brakes on your car. When you press the brake foot pedal in your car, pressure i
through brake fluid to a set of pistons which, in turn, clamps a pair of brake pads ovi
discs in the car’s wheel. Instead of brake fluid, a rail vehicle uses pressuriged air stored

reservoir.

he reservoir which
operator’s controls and

The pneumatic braking system begins with an air compressor whi
holds the compressed air ready for use. The reservoir suppliesthe tr
the train operator controls when to apply or release the bra

In this module the description of the operating principle of aja gumatic braking system is

which will open discussion during class and for ghe inStcuctor and participants to compare and
contrast these broad principles with the specific i

one specific vehicle.

Figure 2.1 represents the relationghi 0
which are:

e Electronic Co
e Brake Contr

e four functional areas of the pneumatic brake

supply unit and provided by an air compressor.

FIRST DRAFT e Intended For Use by Rail Car Training Consortium Members Only
©Transportation Learning Center e Page 10



COURSE 105: INTRODUCTION AND OVERVIEW TO FRICTION BRAKES
MODULE 2: PNEUMATIC BRAKING SYSTEMS

---------------

______________________________

| i i E Braking
| Brake i | Devices
Control | _
' - i . Brake
, Control | Cylinder,
Valves on i Calipers
MBra'Feid i | Shoes and
i Master Controller i H GG i Pads
i Rate Request i+'t  Electronic \ ' E ’

--------------

Control ! :

Air Supply

Air tank / reserv

_______________

For the rest of this module, we will build on the
components and the roles they play in the o

2-2 ELECTRONIC CO

The control center for the rai iGle’s braking system is governed by the electronic control

I that monitors many functions of the rail vehicle including
rake service and wheel-slide control. On newer rail cars, the ECU
igé with extensive fault detection and annunciation capabilities to
(PTE) can be connected to report specific faults. For this course
onitoring functions of the ECU some of which are represented in

those which provid
IS @ microprocess

es in external signals from the vehicle, buffers these signals, and then uses them to
culation of the required braking effort, which is output as a controlled volume

pressure to control the brake cylinder pressure.

! On some rail car configurations the ECU is referred to as an electronic control module (ECM) and on others this
is referred to as the electronic controlled pneumatic (ECP) equipment.

FIRST DRAFT e Intended For Use by Rail Car Training Consortium Members Only
©Transportation Learning Center e Page 11



COURSE 105: INTRODUCTION AND OVERVIEW TO FRICTION BRAKES
MODULE 2: PNEUMATIC BRAKING SYSTEMS

Q Learning Application 2.3
Variable Load Valve
Your instructor will hand you a two-page printout from PATCO’s Running Maintenance

and Service Manual describing a variable load valve and how it works in the brake control
system on their rail cars.

1. Working with a partner, highlight the flow of air into port 8A and out to caWlity 4A on
the diagram on the handout.

2. Complete this sentence from the manual:

The VLV provides a proportional in braking effort
increases. The amount of braking effort i
increase, is a function of the of the lower

areas of the and step piston surface

pressure
ir Spring pressure
e ratio of the

3. Through what does air under pressure flow into c

4. Though what does supply pressu w hto chamber D?

5. What happens when th N n chamber A exceeds the force of the air spring
pressure in chamber B?

6. Under E%Ft does zero air spring pressure occur?

7. at is the only force operating against the force of the pressurized air in chamber A?
What is the result of this situation?

8. Which component cuts off further flow of SR air into chambers A and 4A? What
happens then?

FIRST DRAFT e Intended For Use by Rail Car Training Consortium Members Only
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COURSE 105: INTRODUCTION AND OVERVIEW TO FRICTION BRAKES
MODULE 2: PNEUMATIC BRAKING SYSTEMS

GOVERNOR

E-1A TWIN TOWER
AIR DRYER WITH
CONTROLS

PAAZ027C

Overpressure safety valves are used between certain stages and will vent the air to atmosphere
if the system’s normal operating parameters are exceeded. They are installed for safety purposes.
A pressure switch which monitors the reservoir’s air pressure is used to turn the compressor on
when the air tank’s lower pressure set point is reached, and off when the air tank’s upper
pressure set point is achieved. By doing this, adequate air pressure can be maintained for the
braking system’s use.
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MODULE 3: HYDARULIC BRAKING SYSTEMS

MODULE 3
Hydraulic Braking Systems

Outline
3-1  Overview and Principle of Operation
3-2  Electronic Control
3-3  Brake Control

3-4  Braking Devices
3-5  Summary

Outcome and Objectives

Participants will be able to explain the principles of hydra
rail cars used in major U.S. transportation agencies.
participant should be able to complete the objectives

e Explain the principles of operation rake system.
e |dentify the major components lon subsystems of a hydraulic brake system:
Electronic control, brake cont: raking devices.

Following the completion of thisgmo
objectives with an accuracy of 75% or ter:

rticipant should be able to complete the

Key Terms

Load weigh valve
P-signal
Slip/slide/creep control
Suspension legs (struts)
Variable load valve
Wheel creep

Wheel slide

Wheel slip

Flat spots (wheel flats)
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COURSE 105: INTRODUCTION AND OVERVIEW TO FRICTION BRAKES
MODULE 3: HYDARULIC BRAKING SYSTEMS

3-2 ELECTRONIC CONTROL

The control center for the rail vehicle’s braking system is governed by the electronic control
unit? (ECU). This is 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. For this course
we will focus on the basic monitoring functions of the ECU some of which are represented in
Figure 3.2. The location of the ECU varies by rail vehicle type and design.

The ECU takes in external signals from the vehicle, buffers these signals, and then u hem to
provide a calculation of the required braking effort, which is output as a egntrolled volume
pressure to control the brake cylinder pressure.

It is easy to see why the ECU Electri it
is typically described as the S

“prains” of the hydraulic | Master Controller i, » Inp ering
braking system. Along with | oot el

the request from the Master {Load Weigh i, 4~ Otd s —e.g.doors, ATP,

Controller, the ECU processes i _Pressure
. . . ; Transducer

other inputs including load

weigh pressure, emergency

brake request, dynamic brake

feedback, automatic train

protection, and other inputs.

» Rate Request factoring DBF

» Rate Request adjusted for Load
While in-depth examination Weigh
of the ECU is outside the

scope of this course, the » Rate request factoring EP status

» Electrical output to brake control unit
. Speed Sensor | which will be used to determine
: Slide Detection 7 control volume pressure

Figure 3.2 ECU Functionality

describe those funct
ECU which direg

shown in FigUte

2 On some rail car configurations the ECU is referred to as an electronic control module (ECM).
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COURSE 105: INTRODUCTION AND OVERVIEW TO FRICTION BRAKES
MODULE 3: HYDARULIC BRAKING SYSTEMS

Accumulator

Pressurized hydraulic fluid is stored in accumulators. Liquids for the purpose of hydraulic
actuation are incompressible and they need to be pressurized through some external source. This
external source can be a spring, a raised weight, or more commonly, compressed gas. Gasses are
highly compressible. In many rail vehicle hydraulic braking systems, the accumulators use a
flexible diaphragm with fluid on one side and pressurized gas on the other side. Nitrogen is
commonly used as the pressurized gas.

The function of the accumulator is to provide high capacity flow rate as for braking. It also
provides reserve pressure source in the event of a hydraulic pump failure.

A<
NITROGEN // 2 ]

PRE-CHARGE 4 - / \:
FILL VALVE GAS

FLUID

TEST FITTING

Figure 3.8 Brake Accumulato A&@
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MODULE 4

Electromechanical Brakes

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

Outcome and Objectives

Participants will be able to explain of the principles of electromec
components on rail cars used in major U.S. transportation age
this module, the participant should be able to complete the
greater:

s and their major
owing the completion of
an accuracy of 75% or

e Explain the principles of operation of an electf@mechanical brake system
o |dentify the types of electromechanical their major components.

Key Terms

e Eddy Currents
e Electromagneti€ Brakes (
e Electromechani

Q.
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COURSE 105: INTRODUCTION AND OVERVIEW TO FRICTION BRAKES
MODULE 3: ELECTROMECHANICAL BRAKES

The EM brake on the rail vehicle is connected to batteries that create alternating north and south
poles which form magnetic fields between the poles. The magnetic fields generate eddy currents
in the top surface of the rails, creating a force acting in an opposite direction to the movement of
the train, in other words, a braking force. This principle of operation of electromagnetic brakes
on a rail car is illustrated in Figure 4.1.

‘ Air
pressure
—

Electromagnetic rail
braking,force

COOOD
Eddy current

S

Direction of eddy current braking force
Direction of electromagnetic rail braking forc
Figure 4.1 Electromagnetic Rail Braking Force

Diection of train

rrents Source

One type of electromagnetic brake wHich i
(see Figure 4.2).

ommon on light rail vehicles is the track brake

|
e a '-— ym e

| ' SIS - B L
- = ' —— e . =

TRACK BRAKE ' P
: - T u -j‘gM‘ o e

Figure 4.2 Track Brake on LRV —courtesy DenverRTD
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COURSE 105: INTRODUCTION AND OVERVIEW TO FRICTION BRAKES
MODULE 3: HYDARULIC BRAKING SYSTEMS

MODULE 5

Foundation Brake Equipment

Outline
5-1  Overview
5-2  Major Components
5-3  Summary

Outcome and Objectives V

Participants will be able to explain the foundation brake equipmen various types of
braking systems on passenger rail vehicles in the U.S.
Following the completion of this module, the participant s @ le to complete the

objectives with an accuracy of 75% or greater:

e Identify major components that compris
braking systems.

oundation brake equipment of friction

e Describe the functions of the fa@indatien br

Key Terms \

Brake Caliper,
Brake Head
Disc Brg

equipment

Brake Disc)
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COURSE 105: INTRODUCTION AND OVERVIEW TO FRICTION BRAKES
MODULE 3: HYDARULIC BRAKING SYSTEMS

5-2 MAJOR COMPONENTS

The major foundation braking equipment located around the train wheel includes the calipers,
brake pads or shoes, the brake disc or rotor, and shunt.

—
[
I

BRAKE
ROTOR OR
BRAKE
DISC

BRAKE
PAD/SHOES
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MODULE 6

Tools and Materials

Outline
6-1  Overview
6-2  General Tools
6-3  Specialized Tools
6-4  Summary

Outcome and Objectives

Participants will be able to explain the tools and materials tf
on the rail vehicle’s friction brake systems.

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

r

¢ Identify tools and supplies specific

\
&
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COURSE 105: INTRODUCTION AND OVERVIEW TO FRICTION BRAKES
MODULE 6: TOOLS

6-1 OVERIEW

It is almost impossible to list all the tools a rail car technician must use while performing work
on the friction brakes system on the rail car! This module presents some of the common tools,
equipment, and materials used across the Consortium’s rail transit agencies. Of course these
tools and equipment vary by agency with respect to their configuration, layout, availability, and
design. Generally the OEM manuals list required tools and materials need for inspection,
maintenance, and repair of friction brakes systems. A good example is shown in Figadre 6.1.

20.1 Required tools and consumable
1. Open end wrenches 8, 10 and 13 mm
2, Adjustable torque wrench with open end wrenches 0 1o 35 Nm; 10 and 13
3. Ratchet wrenches for adjustable torgue wrench & and 10 mm
4, Allen wrenches (preferably ratchet wrenches) 3, 4 and 5 mm
5, Flat head screwdrivers M 3 and 5
6. Pozidriv screwdriver M2
7, Pin remover 3 mm
8. Plastic hammer 200 gr.
8. Electric test multi-meter
10. Sécharon depth gauge \W-6 SEA431494P0001
1. Sécheron arc chule gauge (80 x 200 mm) 1000291

12, Knife or scraper

13, Multi-purpose abrasive rubber fine (U

14. Dry cloth
1 F 3 4 5 L3 7 9 10 " 12
Ly @ ™

I %
| | .I
=

eron’s number SG104245P00007 (except for the swivel area of the
e Shell Alvania RL3 Secheron's number SG 10424 5P00002 grease musl

s

The use the Shell Alvania RL3 grease on the swivel area of the mobile contact is
mandatory!

Figure 6.1 Required tools and materials from heavy repair manual —courtesy of NFTA

Where applicable, illustrations in this module are specific to the equipment used by the rail
transportation agency cited below each illustration.
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