: Troubleshooting-and Repair
B of Highway Grade Crossings

e Course 304
& PARTICIPANT GUIDE




HIGHWAY GRADE CROSSING
TRO SHOOTING AND REPAIR
@'ﬁcipant Guide



COURSE 304: HIGHWAY GRADE CROSSING TROUBLESHOOTING AND REPAIR

TABLE OF CONTENTS PAGE
How to Use the Participant GUIAE ...........c.eeeuiiriieiiieriieeiieeie ettt enneens v
MODULE 1: PRINCIPLES OF TROUBLESHOOTING. ....ccccceeverrursersunssurssessanssnsssessasssnses 1
L-1 OVERVIEW ...ttt ettt ettt ss e aeenteeseenseeneennnens 2
1-2  THE PROCESS OF TROUBLESHOOTING.....cc.ccotiiiniiiieniesieeieeiesieeeeeeeiee e 2
1-3  FOUR STEPS'IN, TROUBLESHOOTING......ccccecttrtiiiriiniieienienieeie et 3
1-4  BEST PRACTICES FOR TROUBLESHOOTING .......ccceiieiieieiieieeierieeee e 8
1-5 CHARTS ANDRIAGRAMS USED IN TROUBLESHOOTING.......cccoocveviieiieiennne. 11
16 SUMMARY oo e ettt sttt 14
MODULE 2::OYERVIEW TQHAIGHWAY GRADE CROSSING
TROUBLESHOOTING, & REPALR. L.....cuuioiiinrinninennensaisnisssssnssssssssssssssssssssssssassssssns 15
2-1 OVERVIEW oo 8s g0 e ettt 16
2-2 SAFETY PROCEDURES/WHEN TROUBEESHOOTING HIGHWAY GRADE
CROSSINGS.....ooiiieieeeee e e e 17
2-3 PREPARATION FOR TROUBLESHOOTING GRADEWROSSINGS .......cceeieeeee 23
2-4 DOCUMENTING PROCEDURES .0 M 24
2-5 TYPES OF MALFUNCTION......coiiiiineeedferiee e 0 e 25
2-6 SUMMARY ...oooiiiiiiieenieeeieeeeseeeeeese N @ S D e 27
MODULE 3: RESOLVING PROBLEMS WITHHIGITWAY GRADECROSSINGS .. 28
3-1 OVERVIEW ..ot s e e e N 29
3-2 USING PRINTS, SCHEMATICS & FLOW CHARTS FOR TROUBLESHOOTING..... 30
3-3 SYMPTOMS OF GRADE CROSSING FAILURES AND PR@BABLE CAUSES ........ 35
3-4 Scenario-Based Example Problems............cccccveeviieeniieenieeneeeeefe e 42
3-5 SUITIMATY ...ttt ettt et sat e et e s et e neesateebeeeaneeneesaneennne e 43
GLOSSARY ettt ettt et e sttt et e e bt e st e et e e ateenbe e neeenteeeaeeens 44

ii



COURSE 304: HIGHWAY GRADE CROSSING TROUBLESHOOTING AND REPAIR

LIST OF FIGURES

Figure 1.1 The Four Ds: Steps in Troubleshooting Signals SyStems .............c.ccccccocuvencininccnnnenns. 3
Figure 1.2 Returning Equipment to Service GUIAelINes .................cccoccceevvevieaieeniiiaiieeieeieeeeeenns 6
Figure 1.3 Sample Note Sheet to Document TroubleshoOting...................ccccccecevceniiiniiiviiniencnnen. 10
Figure 1.4 Symbols Used in Troubleshooting CRAFLS.................ccoevueieueeiiieiieiieeieeee e 11
Figure 1.5 Simple Troubleshooting Tree EXAMPIe................c.cccccociiiiiiiiiniiiniiiiiiciiieieeceen 12
Figure 1.6 Troubleshooting matrix from OEM manual ©Ansaldo ..................ccccccevvveeieecnannnne. 13
Figure 3.1 Metra Print PAe I ............ccccooouiiiiiiiiiiiiiiii ettt 31
Figure 3.2 Metra Prilt PAGeE 2 ...........cccoooooiiiiiieeei ettt 32
Figure 3.3 Metra%age B 2T URPROTRUP 33
Figure 3.4 3000 GC. 61blesh00ting Chart — Courtesy NJ Transit .............cccccceeeceeeceeenneannnn. 34

LIST BLES /‘

4
Table 3.1 Hig%de Cro&y tom-Probable Cause Chart................cccccccevceniancnnnn. 36

O
O/;/:.Q

fif
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How to Use the Participant Guide

Purpose of the Course

The purpose of the Highway Grade Crossing Troubleshooting and Repair course is to assist the
participant in gaining knowledge in troubleshooting and repairing highway grade crossings and
their associated components.

Approach of the Book

Each course module begins with an outline, a statement of purpose and objectives, a list of key
terms, and review e@. The outline will discuss the main topics to be addressed in the
module. Learning objectiyes define the basic skills, knowledge, and abilities course participants
should be abl demo@ show that they have learned the material presented in the module.
A list of ke@identi 1eg/important terminology that will be introduced in this module. Review

exercises co 8& module @t the participants in reviewing key information.
.
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MODULE 1: PRINCIPLES OF TROUBLESHOOTING

Module 1
PRINCIPLES OF TROUBLESHOOTING

Outline

I-1 Overview

1-2 Four Steps in Tyubleshooting

1-3 Best Practices for Troubleshooting

1-4 Charts and Diagrams in Troubleshooting
1-5 Summasy

Purposeiand.Objectives

The purpose of tisdnadule is to provide an overview to troubleshooting signal systems
equipment and machifiesywithin thelconiext of general troubleshooting and best practices.

Following the completionfof this module, the patticipant should be able to complete the exercises
with an accuracy of 70% orgredter;

e Examine the importance of trgibleshooting
e Restate the troubleshooting prafest

¢ Identify troubleshooting steps

e Identify troubleshooting best practie€s

e Apply troubleshooting principles to som¢ commpion signal"§yst€ms problems and causes.

Key Terms

e Four Ds
e Root Cause

e Root Cause Analysis (RCA)

DRAFT
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COURSE 304: HIGHWAY GRADE CROSSING TROUBLESHOOTING AND REPAIR
MODULE 1: PRINCIPLES OF TROUBLESHOOTING

1-1 OVERVIEW

Troubleshooting is an integral part of signal systems maintenance. The signal maintainer is
guided through a process of troubleshooting in order to get to the heart of the reported signals
problem so that solutions can be applied quickly and equipment can be safely returned to service
in the most efficient way possible.

As part of the Signals Training Consortium series of courses, this course guides the participant
through the troublesh@oting process by identifying some general strategies, tips, pitfalls, and
application procedires. In later courses, the participant will apply this general approach while
troubleshooting specifigrateas of the signals system such as track circuits, switches,
interlockingssgrade ctpssifgs, and power distribution by examining common failures and
discussion examples.

1-2 THE PROCESS OF TROUBLESHOOTING

Troubleshooting may be defisicdeas a systematic approach to finding the source of a problem in
an effort to restore an operatidn. Troubleshootifigds problem-solving in a methodical and
organized manner. Sometimes tfoubieshooting a problem is simple. At other times it may be
complex, and problems may be diffiCulisto diagnos€. Whatever the level of complexity of a
signals system, the approach to troublcskooting should besirderly and logical.

The focus of troubleshooting is to find the w6ot caule of a problery that which is initiating a
problem. In order to get at the root cause, the trqibleshooter weydd apply Root Cause Analysis
(RCA) which is the collective term that describes,th€ processes of procidures that help guide
signal maintainers not only to discover and understafiditlie initiating catisg§ of a problem, but to
determine what is needed to prevent recurrence.

In general, there is a series of steps in troubleshooting. There afc many descriptiotis of these
steps in the signals industry, but a simple approach involves foyr steps whiclwe can refer to as
the Four Ds. They are:

1. Define
2. Decide
3. Do

4. Document

DRAFT
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COURSE 304: HIGHWAY GRADE CROSSING TROUBLESHOOTING AND REPAIR
MODULE 1: PRINCIPLES OF TROUBLESHOOTING

1-3 FOUR STEPS IN TROUBLESHOOTING

Figure 1.1 illustrates the four-step method for troubleshooting. Some rail transit authorities may
have additional or different steps in approaching troubleshooting but, in general, all the
principles are captured in these four steps which can be followed when beginning to troubleshoot
a problem within transit signal systems. This list is a basic approach or model that the participant
can follow.

==
A Document

¢ Update
records

Define

¢ |dentify s Eveluate
¢ |nvestigate e Verity

e Implement
e Check
® |solate ¢ Plafi action e Test

Figure 1.1 The Four Ds. f\?‘/ublesho@/ls Systems

Step 1 - Define
Identify Symptoms, Investigate Slt olate Pro
In order to define thefproblefn, the s1gn ntamer needs to identify the
symptoms of the trouble ¢all b ollecti h information as
possible on the reported p ome qu tha signal maintainer
. may ask are:
Define Y
e |dentify e Who may have relevant know ¢ abg the pr
* |nvestigate e What other local equipment is havm le'? L t broader, larger
» |solate picture.

check the problem out for yourself. Is there an nmental
condition that is affecting the equipment per ance? Have
temperatures dropped too low? Is something overheated? Do you
notice any unusual smells or sounds? Do any parts of the system seem
unusual to the touch?

e Investigate initial complaints or s1tuat10n l;sensory inspection —

e Use your eyes, ears, nose, when possible to get a feel for the problem.

e Check log book for problems with the specific equipment — has the
equipment displayed the same symptoms previously? Perhaps the
symptoms have been treated but the problem not solved.

DRAFT
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COURSE 304: HIGHWAY GRADE CROSSING TROUBLESHOOTING AND REPAIR
MODULE 1: PRINCIPLES OF TROUBLESHOOTING

1-5 CHARTS AND DIAGRAMS USED IN TROUBLESHOOTING

In many cases, original equipment manufacturers (OEMs) offer solutions to commonly reported
problems with their equipment. Many times their solutions are offered in a chart where questions
are posed and, depending on the observation of the signal maintainer, the user is guided through
steps to troubleshoot the problem. By posing questions in the troubleshooting process the OEM
is offering different solutions to the root cause of the problem. Typically the chart walks the user
through first applying the simpler solutions leading to those that are more complex.

Troubleshooting charts use standard shapes as symbols [protocol] which help the user recognize
steps and actions to take.

Figure 1.4 shows four common shapes or symbols used in troubleshooting charts. The symbols
help quickly guidethe ough the steps to troubleshoot a problem.

Explanation

Statement of reported problem

Q Decision point usually “yes” or “no”

éo

Trapezoid

I:l Rectangle O: %to be taken

Figure 1.4 Symbols Used in Troubleshooting Charts

DRAFT
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COURSE 304: HIGHWAY GRADE CROSSING TROUBLESHOOTING AND REPAIR
MODULE 2: OVERVIEW TO TROUBLESHOOTING & REPAIR OF HIGHWAY GRADE CROSSINGS

Module 2

OVERVIEW TO HIGHWAY GRADE CROSSING
TROUBLESHOOTING & REPAIR

Outline

2-1 Overview

2-2 Safety Proggdurds When Troubleshooting Highway Grade Crossings
2-3 Preparation for Troubleshooting Highway Grade Crossings

2-4 Documenting Frocedures

2-5 Types of MalfuriCtigns

2-6 Summary

Purpose and Objéctives:

The purpose of this modtlg”iSyto providé thesparticipant with an overview for troubleshooting
and repair of highway grade gfogsings.

Following the completion of thi€¢ médule, the participant should be able to complete the exercises
with an accuracy of 70% or greater:

Describe safety practices and processes asirelated to gradgferossing troubleshooting & repair
Describe FRA guidelines and agency spfcific décumentation procedures

Describe types of highway grade crossing méilfungtions

Describe specialized test equipment used foretibleshooting highway grade crossings

Key Terms

Additional Personnel
Effectively Protected
Initial Notice of Problem
Job Hazard Analysis
Potential Hazards
Preliminary Observations
Proper Communication
Quickest Route to Site
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COURSE 304: HIGHWAY GRADE CROSSING TROUBLESHOOTING AND REPAIR
MODULE 2: OVERVIEW TO TROUBLESHOOTING & REPAIR OF HIGHWAY GRADE CROSSINGS

Until the type of malfunction is determined, ensure the most restrictive
crossing protection is used in accordance with your agency procedure.

Classroom Activity

With the assistance of your instructor, describe policies and procedures for
highway grade crossing protection given a malfunction at your agency

Typical Malfunctions

In rare cases, a problem at a highwaygradecrossing may b€ uttique. However, and in most
cases, there are general problems that whex a'malfunctioh dogéoccur it tends to be something
that is typically seen by many signal maintasfiers. Fhe followingist illustrates some of those
typical problems. Module 3 will explore these pfoblems in groatéf detail.

Typical Highway Grade Crossing Problems
Typical highway grade crossing problems may include fubate not limited’to:

All flasher lamps dark and gates down without recovering after traifi plissds
Gates partially recover and flashers dim

Gates and lights operating normally, as if a train is preseit*Wwhe€n, none is there
Only one gate does not recover and all other gates recover dftegiraih passes
Only half of the lights illuminate and they stay steadily on or only Kalf are on with
intermittent all dark lights

Sulfur smell or electrical smell in instrument enclosure or house

Relays not operating normally or detection trouble lights illuminated

Event recorder download indicates an active problem or history of a problem
Battery charger not indicating a charge or power off indication

Damage or vandalism to equipment

Gates ascend normally, and then slowly fall

Flashers momentarily illuminate in high wind

Gate descent speed is too slow or too fast

No bell or bell not operating normally

DRAFT: For Training Purposes Only
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COURSE 304: HIGHWAY GRADE CROSSING TROUBLESHOOTING AND REPAIR
MODULE 2: OVERVIEW TO TROUBLESHOOTING & REPAIR OF HIGHWAY GRADE CROSSINGS

Additional Malfunction Guidelines

Accidents at highway grade crossings covered under the FRA involving collisions between a
train and an automobile, bus, truck, motorcycle, bicycle, farm vehicle, or pedestrian must be
reported to the Federal Railroad Administration within 24 hours of occurrence. The report must
include the name of the railroad, name/title/telephone number of the individual making the
report, time/date/location of the accident, U.S. DOT-AAR Grade Crossing Identification
Number, circumstances of the accident including operating details of the grade crossing warning
devices, number of persons killed or injured, maximum authorized speed of train, and posted
highway speed limit. This initial telephone report must be followed by a formal written report
(ex: FRA Form F6180.83).

Any highway grade ctessing malfunction report must be investigated immediately to determine
the nature of the malfufictipn. Until the malfunction is diagnosed and repairs, if needed, are
made, everyf etfort to warfi iighway users, pedestrians, and rail employees must be made. Ifa
malfuncti@n is réported afid no camse is found to support the report, warning system operation
must be verificd dand logged. Again,crossing system warning times must be maintained to
provide a minimus gf 20 secondssatshe maximum authorized track speed.

During any type of Highway grade ¢rosgingtmalfunction or failure, a data recorder may be useful
in determining what happes€d, Varioussstylgs of data recorders exist including some which
connect to the gate mechanisui and others Wieteh Inay stand alone.

classifications, gnd proper rail“agency régponse, see NCRY’s Signal and
Train Control Coinpfiayce at
http://www.ncrysignalfCoin/content/docusfrentation/regulations/cfr49-234a.pdf

2-6 SUMMARY

Troubleshooting a highway grade crossing can present 1gsues not typicdl ¢ trgubleshooting other
areas of the signaling system. A signal maintainer must besaware,of this angd cenduct
troubleshooting accordingly for the safest and most effective gfade ctossing,repait and
restoration. Course 304 Module 1 provides processes, tips, andygengéral defirtitions to supplement
agency specific guidelines and regulation for troubleshooting a high#vaylgrade crossing warning
system.
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