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COURSE 307: TROUBLESHOOTING AND REPAIR OF SIGNAL POWER DISTRIBUTION

Disclaimer: This module is intended to educate employees of transit agencies that have agreed to
voluntarily participate in the Signals Maintenance Consortium. It is intended only as informal
guidance on the matters addressed, and should not be relied upon as legal advice. Anyone using
this document or information provided in the associated training program should rely on his or her
own independent judgment or, as appropriate, seek the advice of a competent professional in
determining the exercise of care in any given circumstances. The Signals Consortium, it’s
participating agencies and labor unions, as well as the Transportation Learning Center, make no
guaranty or warranty as to the accuracy or completeness of any information provided herein. The
Signals Consortium, its participating agencies and labor unions, as well as the Trans
Learning Center, disclaims liability for any injury or other damages of any natur
directly or indirectly, resulting from the use of or reliance on this documegt or the assoctated
training program.

NOTE: All images contained within this document were contribute Signals Training
Consortium members unless otherwise noted.
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COURSE 307: TROUBLESHOOTING AND REPAIR OF SIGNAL POWER DISTRIBUTION

How to Use the Participant Guide

Purpose of the Course

The purpose of the Power Distribution Troubleshooting and Repair course is to assist the
participant in gaining knowledge in troubleshooting and repairing signals power distribution
systems and their associated components.

Approach of the Book

Each course module begins with an outline, a statement of purpose and objectiv ist of key
terms, and review exercises. The outline will discuss the main topics to be addressed in
module. Learning objectives define the basic skills, knowledge, and abilitié§course participants

should be able to demonstrate to show that they have learned the materi e he module.
A list of key terms identifies important terminology that will be introduced dule. Review
exercises conclude each module to assist the participants in reviewi ation.
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MODULE 1: PRINCIPLES OF TROUBLESHOOTING

Module 1

PRINCIPLES OF TROUBLESHOOTING

Outline

1-1  Overview

1-2  Four Steps in Troubleshooting

1-3  Best Practices for Troubleshooting

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

Purpose and Objectives

The purpose of this module is to provide an overview to trQ
equipment and machinery within the context of general tro

blesho@tingysignal systems
bleshootihg and best practices.
Following the completion of this module, the particigant shou able to complete the exercises

with an accuracy of 70% or greater:

e Examine the importance of troubleshooti
¢ Restate the troubleshooting proc
e Identify troubleshooting step

e |dentify troubleshooting b r es
e Apply troubleshooting prici t e common signal systems problems and causes.

Key Terms

e Four Ds

e Root Cause

e Root Caus alysi A)
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COURSE 307: TROUBLESHOOTING AND REPAIR OF SIGNALS POWER DISTRIBUTION
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
through the troubleshooting process by identifying some general strategies, tips, pitfalls, and
application procedures. In later courses, the participant will apply this general app
troubleshooting specific areas of the signals system such as track circuitsgswitches,
interlockings, grade crossings, and power distribution by examining ¢ ailuggs and
discussion examples.

1-2 THE PROCESS OF TROUBLESHOOTI

blem-sofing in a methodical and
is simple. At other times it may be
ever the level of complexity of a

an effort to restore an operation. Troubleshooting is
organized manner. Sometimes troubleshooting
complex, and problems may be difficult to di

The focus of troubleshooting is to fin
problem. In order to get at the r ubleshooter would apply Root Cause Analysis

steps in the si
the Four D

4. Document
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COURSE 307: TROUBLESHOOTING AND REPAIR OF SIGNALS POWER DISTRIBUTION
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.

ey

l Document
¢ Implem. 1t = o Update
e/ 160K records

Deﬁne

”~ —

‘ Decide '

¢ |dentify
¢ |nvestigate
e |solate

e Evaluate
o Verify
* Plan action

Figure 1.1 The Four Ds: Steps in Troubleshooting Signa

Step 1 - Define

Identify Symptoms, Investigate Situ

Beﬁne I
e Identify I’

® |nvestigalv.
e |sol- e ! What other local equipment is having trouble? Look at broader, larger
picture.

0 may have relevant knowledge about the problem?

Investigate initial complaints or situation, employ sensory inspection —
check the problem out for yourself. Is there an environmental
condition that is affecting the equipment performance? 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 Use your eyes, ears, nose, when possible to get a feel for the problem.
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COURSE 307: TROUBLESHOOTING AND REPAIR OF SIGNALS POWER DISTRIBUTION
MODULE 2: OVERVIEW TO TROUBLESHOOTING & REPAIR OF SIGNALS POWER DISTRIBUTION

Module 2

OVERVIEW TO TROUBLESHOOTING AND REPAIR
OF SIGNAL POWER DISTRIBUTION

Outline

2-1  Overview
2-2  Safety and Troubleshooting Processes for Signals Power Distribution

2-3  Special Considerations for Troubleshooting Signals Power Bistribution
2-4  Verifying Proper Power Operation IV
2-5 Response and Processes for Delayed Repairs

2-6  Summary

Purpose and Objectives

The purpose of this module is to provide the partici
and repair of signal power distribution.

t wit view for troubleshooting

Following the completion of this module, the parti
with an accuracy of 70% or greater:

hould be able to complete the exercises

e Describe FRA and other regulatoryfor agency s
procedures

e Describe safety practices an
repair

Describe specialize

ific guidelines for documentation

rocesse elated to power distribution troubleshooting &

nt used for troubleshooting power distribution
erationt of power supply
recognize when power is not functioning as normal

e Half-split methods e Quickest route to site
e Initial notification of e Record
problem e Safety hazards

e Job hazard analysis e Sensory inspection
e Delayed Repairs e Job Site Analysis e Short finder
e Documentation e Potential hazard e Task analysis

Procedures e Preliminary e Verify power operation

o Effectively protected observation
e Follow-up tasks e Proper communication
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COURSE 307: TROUBLESHOOTING AND REPAIR OF SIGNALS POWER DISTRIBUTION
MODULE 2: OVERVIEW TO TROUBLESHOOTING & REPAIR OF SIGNALS POWER DISTRIBUTION

2-1 OVERVIEW

While general troubleshooting is covered in the earlier module, troubleshooting a power
distribution for signal systems may present special circumstances and situations that are unique
when compared to the rest of the signal and rail system. With signal power distribution, not only
will signal maintainers need to accurately diagnose the problem and effectively make the repair,
they may also need to contend with other conditions such as other signal and rail departments
and environmental concerns.

Consideration for these extenuating circumstances in addition to general trou g skills is
the basis and foundation for troubleshooting signal power distribution. Module 2 will explore
the general processes and safety considerations related to troubleshooting ell as basic
definitions and specialized tools sometimes required.

Working on signal power distribution is dangerous work.

As with all work on train tr ignal maintainer must strictly adhere

to the worker safety po

Ultimately, a signal maintainer’s job is to restore power to signal service when a problem arises.
However, troubleshooting power distribution not only presents the challenges of general
troubleshooting for a signal maintainer, but also presents situations that can prove to be stressful
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MODULE 2: OVERVIEW TO TROUBLESHOOTING & REPAIR OF SIGNALS POWER DISTRIBUTION

LPOSITION A POSITION B POSITION C

v/
Ve 4

ROW 1 2
ROW !
ROW !
meric order of racks in CIL
When troubleshootingysigfal pawer distribution, the signal maintainer many times may reference

e CIL for two reasons:

3. Toidentify OEM part numbers in case they need to be replaced.

Typically, these rack locations correspond to the components represented in the circuit diagrams
supplied by the OEM.

In addition to this location system of racks, rows, and positions, each transit agency may have a
unique method of identifying locations. In some cases, this system may be computerized making
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Module 3

TROUBLESHOOTING AND REPAIR OF SIGNAL POWER
DISTRIBTUTION USING ELECTRICAL PRINTS

Outline

3-1 Overview
3-2 ldentifying Prints through Indexes, Nomenclature and Symbols

3-3 Tracing Power Distribution for a Signal System
3-4 Using Prints for Isolating and Sectionalizing Power V
3-5 Summary

Purpose and Objectives
The purpose of this module is to provide an overview of th @ nts for troubleshooting

procedures in signal power distribution systems.

Following the completion of this module, the patticipamt should be able to complete the exercises
with an accuracy of 70% or greater:

e |dentify basic nomenclature and sym er distribution equipment

e Identify various prints repre
e Explain how to use prints for
e Explain how to sectigna

ubleshooting signal power distribution systems
r sources for testing and troubleshooting

Key Terms

e Nomencla
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Course 307: TROUBLESHOOTING AND REPAIR OF SIGNAL POWER DISTRIBUTION
MODULE 3: TROUBLESHOOTING & REPAIR OF SIGNALS POWER DISTRIBUTION USING ELECTRICAL PRINTS
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MODULE 3: TROUBLESHOOTING & REPAIR OF SIGNALS POWER DISTRIBUTION USING ELECTRICAL PRINTS

Sheet 176 shows AC power distributed from the 120V/208V 30 60HZ transformer and on to the load center for both signal and CIL
(“Hotel”) power. Signal load power continues to the right and on to sheet 177 and 178.
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Course 307: TROUBLESHOOTING AND REPAIR OF SIGNAL POWER DISTRIBUTION
MODULE 4: TROUBLESHOOTING & REPAIR OF SIGNALS POWER DISTRIBUTION SYSTEMS &

COMPONENTS
Module 4

TROUBLESHOOTING AND REPAIR OF
SIGNAL POWER DISTRIBUTION SYSTEMS AND
COMPONENTS

Outline

4-1 Overview

4-2  Component Specific Repair
4-3  Summary

Purpose and Objectives

The purpose of this module is to provide direction for troubfe i
distribution components.

repair of signal power

Following the completion of this module, the particifiant should@ue able to complete the exercises

with an accuracy of 70% or greater:

e List steps in testing, troubleshootin replacing primary power source and
its components
e List steps in testing, troublesho@ting
its components
Troubleshoot and replac

Troubleshoot and replace freq

iring/replacing secondary power source and

ie
y €onverters

pair transformers, circuit breakers, and cables
repair UPS (emergency or standby power)

Key

o Age e Transient spikes
e Continuity test

e Hydrometer

e Mother board

e Pilot check

e Polarity

e Root cause

e Single cell
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Course 307 TROUBLESHOOTING AND REPAIR OF SIGNAL POWER DISTRIBUTION
MODULE 4: TROUBLESHOOTING & REPAIR OF SIGNALS POWER DISTRIBUTION SYSTEMS &
COMPONENTS

Battery Troubleshooting and Repair

In addition to standard PPE for signal maintainers, it is recommended that chemical resistant and
all voltage resistant gloves and face shields be used during any battery repair and/or replacement
work is conducted.

The NFPATO0E offers directives and guidelines by OSHA for working on live equipment in
1910.33(a)(2) and should be followed for any battery-related troubleshooting and repair tasks.

Batteries typically are not typically a problem if routine inspection and maintenance
consistently performed. Proper maintenance usually prevents most battery repairs
replacements. However, a battery problem may be indicated when duringg check, current or
voltage isn’t functioning, or putting out proper voltage, as intended.

Figure 4.1 Battery Bank, courtesy of TriMet
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MODULE 4: TROUBLESHOOTING & REPAIR OF SIGNALS POWER DISTRIBUTION SYSTEMS &
COMPONENTS

e Follow OEM recommendations for battery repair and/or replacement

e Be aware of chemicals and temperatures within batteries
e Check OEM warranty

e Follow proper procedures for disposing of bad batteri ping
papers may be needed, OEM may recommend, agency wil e own
in-house procedures

e Spill Kit may be in larger power room, locatedip.a In case of
battery overflow or acid has boiled ove

e Wear proper PPE: chemical and
protective clothing

t gloves, goggles,

e Be aware of amp hours thatyary between batteries and locations —
higher amp hour requigements for areas with more equipment.

ection reducing surface area and connection gets worse over time due to
orrosion and / or oxidation)

4 a. Oxide inhibitor that coats and seals of the air, decreases conductivity
b. Vaseline or gel to keep resistance down
c. Anti-corrosion grease, di-electric grease

5 Verify charger is functioning properly and any present problem is not a battery

problem.

Complete a pilot check, or randomly selected one cell, to test. Complete a load test

o check for voltage, gravity level and temperature. Document all test and results.

6 a. Primary cells are not rechargeable and repair is by replacement.

b. Reminder: All cells should be checked quarterly or monthly
depending on agency policy.
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MODULE 5: RESOLVING PROBLEMS WITH SIGNAL POWER DISTRIBUTION

Module 5

RESOLVING PROBLEMS WITH SIGNAL POWER
DISTRIBUTION

Outline

5-1 Overview
5-2 ldentifying Problems Related to Signal Power

5-3 Scenario-based Sample Problems
5-4  Summary

Purpose and Objectives

The purpose of this module is to provide an overview of pogs
procedures to be performed on signal power distribution s

Following the completion of this module, the partici
with an accuracy of 70% or greater:

e ldentify common problems and possible
e Apply knowledge of troubleshooti air to'signal power distribution problems.

Key Terms \

e Analyze
o Cause

e Comprehensive
e Consulted
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MODULE 5: RESOLVING PROBLEMS WITH SIGNAL POWER DISTRIBUTION

Table 5.3 Common Failures and Corrective Actions for Track Circuit Problems Related to Signal Power
Distribution

Track Circuit Problem Due to Possible Power Distribution Failure

Symptom Possible Causes
Erratic track circuit operation - relays not picking - Interference from foreign AC
all the way, chattering or circuit failures - High resistance conductors

- Low voltage

- Loose connections
- Open test link

- Brown out

- Low voltage

- Overcurrent

Possible Solutions

- Bad return and/or impedance bond
- Locate and repair shunt / short in sy,
- Tighten all connections

- High resistant connections

- Fuse are loose, replace as néede

- Troubleshoot ground/sh
- Replace phase unit

t— r and test

Symptom Possible Causes

Track circuit indicatio ys not picking - Circuit failures
- Short
- Power supply failure
- BadA/Cvane

- Loss of local power

- Dead battery/Battery not charging or low
voltage

- Loss of utility power

- Open test link

- Badcell

- Bad rectifier / battery charger

- Charger failure or battery failure

- Loose connections

- Problem with ground / shunt / short

- Possible tripped breaker or blown fuse

Possible Solutions
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Course 307: TROUBLESHOOTING AND REPAIR OF SIGNAL POWER DISTRIBUTION
MODULE 5: RESOLVING PROBLEMS WITH SIGNAL POWER DISTRIBUTION

Troubleshooting Note Record Form
Use the troubleshooting note record on the following page to complete the activity.

Classroom Activity

Using what you already know about signals power distribution and the
Troubleshooting Note Record Form (Figure 5) to assist in organizing
thoughts and for taking notes to come up with solutions for the f i
problems. Consider each problem and determine:

e What systems or subsystems are involved?
What are all possible causes and which is the
e What are possible corrective actions?
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