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PREFACE

This document describes the utilization of the Transit
Reliability Information Program (TRIP) as a tool for conducting
a Reliability Verification Demonstration Plan for rapid
rail vehicles. This document has been prepared by the Dynamics
Research Corporation, (DRC), Wilmington, Massachusetts,
under Contract Number DOT-TSC-1559, issued by the u.s. Department
of Transportation (DOT), Transportation Systems Center (TSC),
on behalf 0-£ the Office of Safety and Product Qualification
of the Urban Mass Transportation Administration (UMTA),
Office of Technology Development and Deployment, U.S. DOT.

The purpose of this document is to provide the TRIP
user with descriptions of the Data Bank capabilities, data
requirements, operation pertaining to the conduct of a Reliability
Verification Demonstration (RVD), RVD planning phases, and
procedures for conducting and analyzing an RVD program.

The authors would like to acknowledge with gratitude
the DRC personnel who have contributed to the production
og this report:

Sal DeSalvo and Jonathan Frueh who performed the
background research and development of the application of
TRIP to an RVD plan.

Dianna DiGregorio, Roberta Gosselin, Sharon Gray
and Mary Shaffer for their assistance in the mechanics of
producing this report.
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1 - INTRODUCTION

This is one of a set of documents which suggest

applications and provide guidelines to current and potential

participants in the Transit Reliability Information Program

{TRIP}. The "TRIP Reliability Verification Demonstration

Plan for Rapid Rai 1 Vehic les" has been prepared by the

Dynamics Research Corporation (DRC) under Contract Number

DOT-TSC-1559, issued by the u. S. Department of

Transportation (DOT), Transportation Systems Center {TSC}.

TRIP is a government-initiated program to assist the

transit industry in satisfying its need for transit

reliability information. TRIP provides this assistance

through the operation of a nationalreliabili ty Data Bank.

This Data Bank collects, stores, and analyzes data which is

currently being generated by transit operators in the course

of revenue service operation and equipment maintenance. The

results of periodic analyses of the stored data are

distributed to TRIP participants and users.

These Guidelines will be periodically revised and

updated to reflect improvements in the TRIP Data Bank and

experience gained by the transit industry as a result of

TRIP.· Cormnents on this document or questions concerning its

latest revision should be submitted to:

u.S. DEPARTMENT OF TRANSPORTATION

TRANSPORTATION SYSTEMS CENTER

Transit Systems Branch

Kendall Square

Cambridge MA 02142

1



1.1 PURPOSE AND SCOPE

This document has been prepared as an applications

manual for the TRIP Data Bank (TDB). The TDB is capable of

storing and processing various operations and maintenance

related data for rapid rail transit vehicles. This data is

collected from participating transit authorities. After

processing, reports are generated which provide information

that may be used to assess the relative reliability and

maintainability aspects of the transit vehicles.

The document provides the user with an overview of the

TRIP and TRIP Data Bank. In Sections 2 and 3 it describes

the Data Bank Capabilities, data requirements, and operation

pertaining to the· conduct of a Reliability Verification

Demonstration, including:

•
•
•
•

Data generation and recording:

Data submission:

Data formatting and storage: and

Report generation.

The use of Reliability Verification Demonstration (RVD)

is a relatively new concept in the transit industry, but it

is becoming increasingly important as the costs of procuring

and maintaining new equipment increases while. seemingly, the

useful life decreases. Thus, properties are recognizing the

need to specify and evaluate reliability criteria as a part

of the procurement process in order to obtain a high degree

of cost effectiveness in their equipment. Accordingly, this

2



document recommends procedures for planning, implementing

and evaluating an RVD program. Section 4 is concerned with

the RVD planning phases, including:

• Organization of the program~

• Setting up test facilities for the RVD~

• Establishing ground rules for conducting the RVD~

• Selection of an RVD sample set~ and

• Estimating the duration of the program.

Procedures for conducting and analyzing the RVD program

are discussed in Section 5 of this document. A variety of

techniques for reliability evaluation are presented

including ways in which the TRIP Data Bank may be used to

collect and process the data collected during the program.

l.2 BACKGROUND

The Transit Reliability Information Program (TRIP) is a

government initiated response to an acknowledged need to

collect and analyze rail transit equipment reliability data

on a national level. The goals of TRIP are to:

3



• Amalgamate current reliability efforts within the

transit industry, and provide a focal point for a

consolidated reliability effort~

• Promote uniform reliability related definitions

for the transit industry~

• Provide a central repository for voluntary

submittal of transit industry field failure data~

• Provide means for periodic distribution

reliability data to potential users~

of

• Provide data for factual comparison of reliability

between related equipments~

equipment procurements,

improvement projects, and

analysis programs.

• Provide substantive data for specifying new

justifying product

supporting system

TRIP has been designed as a three-phase program. Phase

I consists of:

• Definition and scoping of the functional and

operational requirements of the TRIP Data' Bank ~

• Design, implementation, operation, and enhancement

of a Rail Rapid Vehicle (RRV) Experimental Data

Bank (EDB) for the purpose of evaluating the

design concepts of the (full-scale) TRIP Data Bank

on a prototype scale;

4



• Design, implementation, operation, and" enhancement

of an EDB for Buses.

Phase II consists of merging the two EDBs into a single

data bank and expanding the scope of the data bank to

include all aspects of vehicles involved. Phase III will be

the expansion of the TRIP Data Bank to include other classes

of transit equipment.

TRIP is currently in Phase I. The initial TRIP support

contract was issued to the Dynamics Research corporation in

September, 1978, by the U. S. Department of Transportation

(DOT), Transportation Systems Center (TSC) for the purpose

of planning and establishing a program to collect and

evaluate reliability information on new and existing transit

vehicles. This contract focused on TRIP for Rai 1 Rapid

Vehicles (RRV TRIP) and included the definition and scoping

of the full-scale TRIP Data Bank and establishment of the

RRV Experimental Data Bank.

The American Public Transit Association (APTA), under

separate contract to TSC, established the TRIP Liaison Board

consisting of representatives from U. S. rail transit

authorities and transit equipment manufacturers. The

Liaison Board has provided continuous guidance for the

development of TRIP and the EDB through a series of periodic

meetings. From the Liaison Board membership, six transit

authori ties volunteered at the contract "Kick-off meeting"

to participate in the development of TRIP by supplying data

to the EDB. The six properties are:

BART

CTA

Bay Area Rapid Transit District

Chicago Transit Authority

5



GCRTA

NYCTA

PATCO

WMATA

Greater Cleveland Regional Transit Authority

New York City Transit Authority

Port Authority Transit corporation

Washington Metropolitan Area Transit

Authority.

The development of the TRIP Data Bank began wi th an

investigation of existing reliability data banks and an

analysis of the data collection and reporting approaches

being used in the transit industry. Particular emphasis was

placed upon the six EDB properties. The results of these

investigations were used to formulate a functional

definition of the TRIP Data Bank. Each of the required TRIP

Data Bank functions was further defined into modular

"elements" which were then translated into preliminary

design requirements and specifications. A chronological

summary of the TRIP Data Bank development is presented in

DRC Report Number R-341U, "TRIP Phase I Report." See Section

1.3, herein, for a complete list of reference documents.

Part of the TRIP Data Bank design included the

development of a uniform system of transit vehicle component

identification. This parallel activity resulted in the

formulation of the "Generic Part Number" (GPN), a code by

which equipment of similar function is classified and

grouped according to that function. The purpose of the GPN

is to provide a common numbering system to which the

individual part numbering systems used at the various

transit properties can be cross-referenced. The GPN is the

major "key" by which component data is stored in the TRIP

Data Bank and, because of its orientation toward equipment

function, provides a means for efficient data retrieval in

support of analytical comparison of functionally similar

6



equipment. Procedures were subsequently developed for

preparing the "Generic Parts List" (GPL), the cross­

reference table of transit property part numbers versus

Generic Part Numbers.

The design and implementation of the Experimental Data

Bank began early in 1979. The purpose of the EDB was to

provide a model or prototype of the TRIP Data Bank so that

the various aspects of the emerging Data Bank design could

be tested and refined prior to full-scale implementation.

The TRIP Liaison Board recommended three rail vehicle

subsystems (doors and door controls, propulsion, and

friction brakes) for use as "pilot equipment" in the EDB.

Following the successful completion of the Software

Acceptance Test, the TRIP Experimental Data Bank began

operation on August 6, 1979, with the input of July data

from BART and WMATA. EDB refinement and expansion have been

on-going activities since the initiation of operation.

Expansion of the "input side" of the EDB continued with the

inclusion of CTA and PATCO in November, 1979, and NYCTA in

February 1980. (GCRTA will be brought on-line early in

1981.) The EDB currently contains data going back to August

1, 1979, for CTA and PATCO, and July 1, 1979, for BART,

NYCTA, and WMATA.

The first EDB Output Report was published in September,

1979, and contained the July data from BART and WMATA. The

TRIP Liaison Board reviewed the report and recommended

several modifications to format and content. EDB Output

Reports were subsequently pUblished in November, 1979

(August and September data), March, 1980 (November, 1979,

data) and July 1980 (March data).

7



It is on the "output side" of the EDB where emphasis on

the "experimental" nature of the data bank has occurred.

Each EDB Output Report has been a major revision of the

previous report in terms of both format and content. Methods

of presenting the data, level of detail, accuracy and

validity, statistical significance, all of these, and more,

are of concern to the Liaison Board members, and their

concern is reflected in the high level of interest being

expressed in the presentation of information from the EDB.

A Critical Design Review (CDR) of TRIP was held in

April 1980. The CDR Committee, consisting of the TRIP

Liaison Board representatives from the six participating

properties and representatives from APTA, UMTA, and TSC,

reviewed the past 24 months of TRIP activity; assessed TRIP

benefits; listened to each participant's position on TRIP;

and concluded that TRIP cannot be properly evaluated without

12 to 18 months of additional EDB experience.

The CDR recommendations impacted Phase I of the TSC

TRIP Implementation Plan as follows:

• The operation and refinement of the RRV EDB by DRC

with three major assemblies from 10 series of

vehicles from 6 properties will be continued for

an additional 21 months (15-month EDB operation

and refinement with an additional 6-month EDB

operation 'and merge transition period);

• The establishement and operation by TSC of an EDB

for buses will begin during Phase I by monitoring

a sample of assemblies from a limited number of

buses.
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Participation and interest in, as well as potential

benefits from, Phase I indicate that TRIP EDB users

(operating properties, consultants, Federal Government, and

suppliers) want factual information from TRIP and are

relying on TRIP's large quantity of readily available

maintenance data to provide timely reports of equipment

replacement experience.

Pending a· favorable decision from the final Phase I

CDR, Phase II will start a full-scale merged RRV and Bus

TRIP Data Bank. It will be established and put on line

starting with the transfer of data from the RRV and Bus

EDBs. The number of equipments initially monitored will be

small,but as the capability expands, additional equipments

will be monitored until failure data on all vehicle

components are contained in the data bank. A CDR of Phase II

can then be performed to determine if Phase II accomplished

its goals and if Phase III is justified. Phase III is

envisioned as the expansion of the Data Bank and equipment

monitored to cover UMTA responsibilities in Fare Collection,

ATO/ATC, and track and structures. As other transportation

equipments are incorporated, the TRIP Data Bank will become

the UMTA National TRIP.

These guidelines and applications will continue to be

revised as the TRIP Data Bank is refined and improved to

. reflect the latest procedures and uses of this system. As

new examples of the use of information generated by the Data

Bank are provided, they will be included in this and related

documents to assist participants in the use of TRIP and the

information which it produces.
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1.3 REFERENCES

The following reports, issued by the Dynamics Research

Corporation (DRC), collectively describe the development of

the TRIP Experimental Data Bank. Except for references (6)

and (7) below, these are "draft" reports which document the

progressive development of the EDB. In some cases, the

specific information contained in these reports has become

obsolete. For the most part, however, the concepts remained

valid as the EDB evolved and have been incorporated into one

or more of the "final" reports, references (12) through

(16),- below.

( 1) Report No. E-4852U

(Data Bank/Source

1978.

- TRIP Task I Draft Report ­

Investigation), December 18,

(2) Report NO E-4894U TRIP Task 2 Draft Report

"TRIP Data Bank Scope and Definition," January 18,

1979.

(3) Report NO. E-4895U - TRIP Task 3 Draft Report ­

"Transit Vehicle Equipment Lists", January 18,

1979.

(4) Report No. E-4896U - TRI P Task 3 Draft Report ­

"Reliability Equipment List Operating Procedures",

January 18, 1979.

(5) Report No. E-4998u - TRIP Task 4 Interim Report ­

"Rapid Rail Transit Vehicle guidelines for the

Operation and Use of the TRIP Data Bank", April

16, 1979.
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(6) Report No. R-284U - "TRIP Experimental Data Bank

Acceptance Test Plan - Final", July 9, 1979.

(7) Report NO. R-28SU - "TRIP Experimental Data Bank

Acceptance Test Procedures - Final", July 9, 1979.

(8) Report No. E-SlSOU - TRIP Task 6 Draft Report ­

"Railcar Standardization Reliability Plan", August

20, 1979. (NOTE: This is the dra ft report upon

which this "TRIP Reliability Verification

Demonstration for Rapid Rail Vehicles" is based.)

(9) Report No. E-S234U - "TRIP Experimental Data Bank

Program Maintenance Manual - Preliminary", Octqber

19, 1979.

(10) Report NO. E-S23SU - "TRIP Experimental Data Bank

User's Manual - Draft", October 19, 1979.

(11) Report No. E-S361U -"TRIP Generic Maintenance

Action Codes", February S, 1980.

The following reports also issued by DRC, are companion

documents to this "TRIP Reliability Verification

Demonstration For Rapid Rail Vehicles." Collectively, these

reports document the configuration, operation, use,

application, and development of the TRIP Experimental Data

Bank. This report is included in the following set of

references to provide correspondence with the five themes

mentioned above.

(12) Report No. R-337U - "TRIP Experimental Data Bank

Program Maintenance Manual", September 30, 1980.
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(13) Report No. R-338U - "TRIP Experimental Data Bank

Operating Procedures Manual", September 30, 1980.

(14) Report No. R-339U -"TRIP Participants Guidelines",

September 30, 1980.

(15) Report No. R-340U - "TRIP Reliability Verification

Demonstration Plan for Rapid Rail Vehicles",

September 30, 1980.

(16) .Report No. R-341U - "TRIP Phase I Final Report for

Contract Number DOT-TSC-1559", October 31, 1980.
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2 - TRIP OVERVIEW AND APPLICABILITY TO
RELIABILITY VERIFICATION DEMONSTRATION

The Transit Reliability Information Program (TRIP) is a

government initiated effort to provide "real-world" .

reliabili ty data for rapid rail transit vehicles, together

with a Data Bank which can provide information and reports

tailored to the needs of the transit industry.- TRIP is the

response to an acknowledged need not only for collection and

storage of baseline, industry-wide rel iabi li ty information,

but also for a system in which to analyze this data in order

to support the activities and interests of the industry

which it serves.

In addition to its capability of providing industry­

wide analysis of transit data, TRIP can support the specific

requirements of individual Reliability Verification

Demonstration programs. It is with this application in mind

that this document has been prepared. The following

subsections contain a description of the TRIP Data Bank

(TDB) and ~ts operation in order to provide the potential

user of TRIP with an overview of TDB capabilities in support

of a Reliability Verification Demonstration.

2.1 TRIP DESCRIPTION

The TRIP Data Bank is a computerized system for the

collection, processing, storage, retrieval, analysis and

reporting of reliability-related information pertaining to

rapid rail transit vehicles. Information covering the

configuration, operations,. maintenance, and repair of

transit vehicles is submitted to the TDB by TRIP

13



participants. The Data Base wi thin the TDB acts as a

central source of operation and maintenance history data for

these vehicles. The collected data is analyzed to determine

equipment reliability levels and trends. The results of

these analyses are reported to both TRIP participants and

other interested users.

The TRIP Data Bank is most accurately described as an

"integrated" data base. Its primary characteristics are:

• All dat~ is stored in one central storage location

allowing easy access to any data item~

• The data base consists of different types of data

all logically related by Generic Part Number and

chronological order to permit rapid and efficient

reporting~

• A wide variety of data, including reference,

operating, inspection, and unscheduled maintenance

data, can be stored efficiently by Generic Part

Number to organize data which is related to the

same equipment.

Detailed descriptions of TDB operation, including use

of the Generic Parts List, Generic Part Numbers and the Data

Dictionary referred to in this report, may be found in the

referencs listed in Section 1.3.

The centralized storage of all data permits the

efficient analysis of different types of data and

standardization of data content. For example, static and

dynamic data are stored side-by-side under a given Generic

14



Part Number in the data base. This ,storage method permits

analysis of reference data, based on various dynamic data

parameters such as vehicle series mileage.

Information in the TDB is stored in chronological order

by Generic Part Number and Generic Serial Number. This

logical arrangement of the data can be viewed as providing a

II filing cabinet II of data with a II folder ll for each unique

serialized part. All II folders II are in part number sequence
o

and for a given part all serialized occurrances are grouped

together. The data in the II folder II is in most-recent

chronological order for each serial number to provide quick

access to more recent data.

This data organization method provides a data base that

contains a complete history of all data stored in a format

that can be used in a wide variety of analyses. For example,

all traction motors ,that failed or required maintenance

during a given, month would be stored together in the Data

Base. The most recent failures and associated repairs would

be the first accessed and retrieved, resulting in a 1I1as t­

in-first-out ll retrieval procedure.

Each unique data type is identified and stored in the

integrated Data Base using an lIindex key", which permits the

direct access and retrieval of each of these groups of

data. This so called "indexed sequential" organization

allows "random" access to the specific data of interest

without having to read all stored data to locate the desired

item. This direct-access capability is provided by the Data

Dictionary which describes ,the type, content, and

relationship of all data stored in the Data Base.

15



Figure 2.1-1 presents a functional overview of the TRIP

Data Bank. The input side of the TOB consists of several

separately-executed programs which collectively perform the

functions of input data conversion, formatting,

standardization and edi ting and Data Base update. These

functions include:

• Conversion of hard-copy (i. e., forms, documents)

input data into computer-readable format~

• Conversion of computer-readable (i.e., magnetic

tape) input data into the input format of the host

computer~

•

•

•

Extraction and reformatting of all input data in

computer readable format into Data Base format~

Assignment of generic "index keys" and other

generic codes to provide uniform data storage

format, including~

Generic Part Numbers~

Generic Serial Numbers~

Generic Maintenance Codes~

Data verification of all data input to the TDB,

including:

Verification of processed input data for

accuracy~

Checking of data prepared for Data Base input

for validity by comparison with data element

16
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acceptable ranges and/or tables of values as

defined by the submitting transit property;

Checking for redundant entries on the Data

Base.

The generation of output reports from the TRIP Data

Bank is accomplished through the use of several functional

procedures, including:

•

•

•

•

Re-ordering and reformatting of data retrieved

from the Data Base;

Automated analyses of the retrieved data utilizing

standard as well as special analytical techniques;

Production of routine periodic reports to present

the information in both tabular and graphical

. format;

Production of special-request reports to meet the

individual needs of TRIP users.

Periodic reports are produced on a scheduled basis by

the TDB operating staff. All reports are reviewed for data

content and validity of analysis prior to distribution to

TRIP users.

Special requests are processed on an individual basis

in order to accommodate the specific information needs of

the requestor. Special requests may require special

analytical algorithms and report formats. In order to

minimize the necessary turn-around time tp produce special

18



reports, the TOB utilizes an independent, system-standard

report generator to satisfy these requests.

2.2 OPERATIONAL APPLICATION OF TRIP TO RELIABILITY

VERIFICATION DEMONSTRATION

Reliabi li ty Veri fication Oemonstration (RVO) might be

used as a part of warranty assurance for new vehicles and

for evaluating hardware replacement needs. The TRIP Data

Bank provides a valuable tool for use in an RVD program.

Such a program would normally consist of four major

activities.

•

•

•

Data Generation and Recording

Failure Reporting

Maintenance Records

Utilization Records.

Data Submission (to the TDB)

Regular Intervals

Consistency of Content

Consistency of Format.

Data Storage (within the TDB)

Integrated Data Base

Logically Structured.

• Report Generation (from the TDB)

Timely

19



Relevant

Flexible.

The preceding section addressed the capabilities of the

TRIP Data Bank as a generalized system to accept and store

rail transit vehicle operating arid maintenance data and to

produce reliability reports based upon that data. The

purpose of this section is to provide an overview of how the

TRIP Data Bank can be used to support a Reliability

Verification Demonstration program in the context of the

four major activities outlined above.

2.2.1 Data Generation and Recording

The primary source of data for a Reliability

Verification Demonstration program is the transit property

at which the demonstration is being conducted. The ability

to successfully evaluate the results of a demonstration is

dependent upon both the quantity and quality of the data

provided. Some of the typical source documents for data to

support an RVD might include:

•

•

Operation Logs which contain the basic data

necessary to compute vehicle utilization, such as

scheduled and/or completed revenue service trips;

Incident Reports which contain the information

pertinent to the discovery of an equipment problem

or malfunction during revenue service such as:

when, where and how the problem was

discovered;

observed symptoms which led to the discovery;

20



resultant consequence to service, such as

delay or train removal~

preliminary estimate of the affected hardware

or system~

• Repair Records

description of:

which contain a detailed

actual defects found~

resultant repairs~

subsequent tests to verify the repair~

• Scheduled Maintenance and Inspection Records which

contain the data necessary to support compliance

with the equipment manufacturer's preventative

maintenance requirements.

recognized that the degree of detail available

data source documents may vary between transit

In the context of a Reliability Verification

however, it is assumed that a mutual

isIt

from these

properties.

Demonstration,

agreement exists between the transit property and the

organization evaluating the results concerning the required

quanti ty and quality of the data to be provided. It is

further assumed that the transit property recognizes the

need to maintain the quality of the data throughout the

entire duration of theRVD program.

2.2.2 Data Submission

The TRIP Data Bank is capable of accepting data through

either of two input media:

21



• Data Entry Terminal - that is: the hard-copy forms

used by the transit property to record data which

are directly input to the TDB. . This could be

accomplished either at the property via telephone

data links or at tne TDB site.

• Magnetic Tape that is: a transcription onto

magnetic tape of data generated by the property

and collected, stored and/or pre-processed by the

transit property's own or leased computer

.facility.

Magnetic tape is, of course, the most efficient method

of data submission to the TDB if the property is not

directly inputting data locally since hard-copy data entry

is a labor-intensive process. Data would be submitted at

regular intervals consistent with the reporting requirements

of the Demonstration Program.

The TRIP Data Bank can accommodate a relatively wide

range of data formats. A complete content description of

the data, along with a sample set of data, should be

provided to the TDB operating personnel in advance of the

initial data submission in order to allow adequate time to

develop. and test the necessary algorithms and

programs/procedures to extract the required data elements

for input to the Data Bank. The information which is

required in order to "initialize" the TDB is described in

detail in Section 3.
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2.2.3 Data Storage

As described in Section 2.1, the TRIP Data Base is the

central repository for the data submitted by the transit

property for use in the various analyses to support the

Reliability Verification Demonstration. Each record in the

Data Base consists of an "index key" followed by the

individual data elements. The "index key" provides a "name

and address" for the record within the Data Base and

consists of:

• Generic Part Number - the component to which the

data applies and which may range from "vehicle" to

"thumb-screw: "

• Generic Serial Number the transit property,

vehicle series and vehicle {car} number on which

the component resides:

• Date - the date on which the data was generated,

for example:

The date {from the transit property data} on

which a maintenance action was completed:

The date on which life-cumulative-mileage for

a vehicle was recorded for submission to the

TDB:

more Data Base records having the same values in

the other four fields of the "index key", but

different values in the data fields {for

• Subdate used to differentiate between two or

23



•

example: two different maintenance actions on the

same component on the same duty):

Record Type (see below).

Dynamic Data

Reference Data.

Fifteen record types have been defined in the TRIP Data

-Bank. They are divided into two categories as shown below:

• Dynamic Data

Utilization Data (vehicle)

Incident Data (vehicle)

Scheduled Maintenance Data (vehicle)

Repair Data (vehicle)

Component Repair Data (bench)

Scheduled Maintenance Narrative

Repair Narrative

Component Repair Narrative.

• Reference Data

System Configuration Data

Route Configuration Data

Route Operating Data

Vehicle Series Information

Specification Data (vehicle)

Configuration Data (vehicle systems)

Specification Data (component).

24



Dynamic data is produced as a result of vehicle

operation, maintenance and repair. It i!? from the analysis

of the dynamic data that reliability and reliability growth

determinations are made. Reference data describes the

characteristics of the equipment and the environment in

which it operates and, thus, provides a basis for the

interpretation of the reliability analyses. These

characteristics might include the expected or predicted

baseline r§liability parameters which will be

verified/evaluated in the RVD.

2.2.4 Report Generation

Routine (i.e.: periodic) reports can be produced by the

TRIP Data Bank in accordance with the requirements of the

Reliability Verification Demonstration program. The transit

property and contractor assisting in the evaluation should

investigate and determine the frequency, purpose and content

of each report to be produced. (Potential output report

definitions requirements are discussed more fully in Section

3.) TDB operating personnel will provide assistance in

defining report formats and algorithms necessary to achieve

the desired results.

The Generic Part Number (GPN) and Generic Serial Number

(GSN) together provide several possible ways in which the

data can be sorted for analysis due to the logical structure

of these numbers. By specifying the appropriate fields of

the GPN and GSN to be used as sort cr iter ia, re 1 iabi 1 i ty

analyses can be performed at virtually any level of vehicle

equipment detail. Some examples of the possible reports are

shown in Table 2.2-1 in terms of a description of the report

and the GPN and GSN fields required for sorting.
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3 - RELIABILITY VERIFICATION DEMONSTRATION PLAN

The TRIP Data Bank (TOB), as a generalized transit

vehicle reliability information and analysis system,

contains all of the features necessary to support the data

processing requirements of a Reliability Verification

Demonstration (RVO) program. As an operating data system

designed specifically to meet the needs of the transit

industry, the TDB can be readily adapted to provide

reliabili ty information support services. Use of the TDB

can eliminate the cost and lead-time required by an

individual transit property to develop a specialized data

processing system to support RVO programs.

The purpose of this section is to provide the potential

user of TRIP with an outline of the types and content of the

information which should be provided in order to:

•

•

•

define the reports to be produced by the TDB in

support of a RVD program7

characterize the data to be supplied as input to

the TOB7

ini tialize the TOB to accept, store and process

the data.

3.1 OBJECTIVES

One primary objective of a Reliability Verification

Demonstration program is to demonstrate that new transit

vehicles, and especially selected subsystems, comply with

27



the reliability requirements set forth in the vehicle

specification documents. Such a program usually involves

the first 50-100 vehicles delivered under contract and may

last for one or more years.

The RVD program is accomplished by operating the

vehicles in a revenue service environment while maintaining

a careful accounting of the data elements which assist in

evaluating reliability criteria such as:

• Operating Hours of Mileage;

• Unscheduled maintenance, repair or replacement;

•
•

Scheduled maintenance and inspections;

Relevant versus nonrelevant failures.

Mean time (or miles) between (relevant) failures (MTBF)

is computed from the above data and is used as a measure of

equipment reliability. The resultant MTBF may be used as an

absolute measure of reliability at a given time, and may be

plotted (log-log) as a function of accumulated operating

hours in order to determine reliability growth trends.

The purposes of the TRIP Data Bank are to provide an

efficient and economical means of storing data, once

generated, and to provide the analytical "tools" necessary

to support the demonstration.
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3.2 OUTPUT REPORTS DEFINITION

The TRIP Data Bank can provide a wide range of

analytical techniques for information presentation. Within

the bounds of practicali ty, however, the primary questions

to be answered for an RVD are:

•

•

Does the equipment, as delivered, perform in

accordance with the specified reliability?

If not, does the data indicate a suitable growth

in reliability performance, such that the

specified reliability will be achieved?

Assuming that the transit property directs its data

collection for the RVD toward answering these questions, the

property can assist the TRIP Data Bank operating personnel

in defining the appropriate TDB output requirements that

will support the answers. This may be accomplished if the

transit property provides the following information on its

data collection documents/reports:

• Document Title or Number;

• Frequency or Date of Document, for example:

weekly;

monthly;

10th day of each month;

NOTE: The document frequency or date is dependent

upon the freque.ncy of data submiss ion.

29



column

•
•

•

•

Description of Purpose of Document:

Content of Document

Detailed listing of data elements (e.g. car

number: cumulative mileage: period mileage;

etc. ) :

Summary requirements (e.g.,

totalization: averaging: etc.);

Sequence of Presentation

Key data elements (e.g., car number):

Primary, secondary and tertiary sorting

requirements:

Columnation:

Data Element Source Document ( s) (e. g., Incident

Report: Vehicle Service Report; etc.).

It would be of further assistance if the property

provided sample copies of its data collection document-s to

TDB operating personnel not only for clarification of the

_above information, but also so that they may be reviewed to

determine that the necessary information will be available

for TDB input. The information will be reviewed to

determine if the output requirements can be met by a

standard TDB report format. If not, new algorithms and

report formats will be developed as necessary. Standard

procedures and report formats will be used wherever

possible, however, to minimize output production costs. (It

should be noted that the above information must normally be

provided when requesting special reports.)
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3.3 INPUT DATA REQUIREMENTS

Once the TOB output reports have been defined which

will satisfy the requirements for reliability evaluation,

the next step in this part of the RVO program is to identify

the input data requirements. Requirements both for data

format and data type must be determined. After this,

procedures for collecting the data at the property and

submitting it to the TOB for storage and processing may be

established.

Whether data will be submitted to the TRIP Data Bank as

hard-copy forms, as formatted records on a magnetic. tape, or

through direct data entry terminal telephone links, a

complete description of the data should initially be

provided to TDB operating personnel so that procedures for

the input processing of the data and, in the case of a

magnetic tape, utility software for data extraction may be

defined and developed. The information necessary to define

input data requirements includes:

• Purpose of the data record or form ~ that is: what

type of information is conveyed? (Inspection data,

scheduled maintenance data, repair data, etc.)~

• Content of the data record or form - that is: what

are the individual data elements? (car number,

cumulative mileage, part number, repair code,

etc. ) ;

• Format of the data record or from - that is:

length of each data element~
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•

3.3.1

sequence of data elements;

sequence of data records, if more than one

record of form must be combined to completely

describe a single maintenance transaction;

Relevant data elements that is: which data

elements provide information meaningful to the RVD

program? or, conversely: which data elements are

II for company use only? II (e. g., employee number).

Data Types

Reliability analysis of the vehicle systems for the RVD

will be based on two basic types of data to be submitted by

the transit property to the TRIP Data Bank for processing.

These are:

•
•

Reference (Static) Data; and

Dynamic (Operations and Maintenance) Data.

Static, or reference, data is information which

describes the configuration, characteristics and operating

procedures of a transit system, vehicle, or equipment on a

vehicle. This type of reference data is used to interpret

and understand the outputs and reports generated by the TRIP

Data Bank. Uses of reference information include:

interpretation of differences in reliability values by

vehicle based upon passenger loads and route assignment; or,

interpretation of reliability values ~f a class of equipment

based upon the characteristics and intended application of

each equipment type-within that class. The sources of this

type of reference data include:
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•
•

•
•
•
•

Transit System Route Maps;

Station Platform and Power Substation Separation'

Data;

Vehicle Maintenance Manuals;

Operating Schedules;

Car Assignment by Routes;

Vehicle Specifications.

Pertinent data from these sources are stored in the

TRIP Data Base as Reference Data Records for potential use

or comparison in the analyses.

A second type of useful reference data is information

which is necessary for the input processing of dynamic data,

as derived from:

• Component Code Books;

• Vehicle Parts Catalogs;

• Transit Property Stock Catalogs;

• Maintenance and Repair Manuals;

• Vehicle Rosters (car numbers by vehicle series);

• Code definitions for all encoded data, such as:
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- ,

symptom codes;

defect codes;

repair codes;

test codes.

Because maintenance activity codes are different at

each transit property, a set of standard "generic" codes and

definitions has been incorporated into the TRIP Data Bank.

All transit property codes are cross-referenced to the

generic codes based upon the code type, definition and

application.

Vehicle rosters are used to define the set of Generic

Serial Numbers (Property ID/Vehicle Type/Car Number) that

will be assigned to the dynamic data records in the TRIP

Data Base. The vehicle parts catalogs and maintenance

manuals are used to develop the Generic Parts List (list of

Generic Part Numbers) for the vehicle.

Dynamic data is that information which is generated

while the vehicles, or particular system(s) are operated and

maintained for revenue service during the RVD program.

Sources for this type of data will include:

•
•
•
•

Operators Incident Reports;

Vehicle Defect/Discrepancy Reports;

Unscheduled Maintenance Reports;

Parts/Material Requisitions.
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Dynamic data will be filed in the Data Base by Generic

Part Number.

3.3.2 Generic Parts List Development

A Generic Parts List (GPL) is developed for the vehicle

or equipment series for which the Reliability Verification

Demonstration is being conducted. The GPL is a cross­

reference table consisting of:

•
•
•
•
•

Generic Part Number;

Maintenance Information System (MIS) Code:

Property Stock Number;

Manufacturer's Part Number;

Part Name/Description.

The TDB user must designate which of three (MIS, stock

or manufacturer) numbering systems is used in the data to

identify components. That property identification system

would then be used in the Generic Mapping input process

where GPNs, GSNs, and generic maintenance activity codes are

assigned to the data records. The entire GPL is maintained

in the TRIP Data Bank, however, as reference data.

The development of the GPL is the most time-consuming

activity of TDB initialization. For this reason, the

reference information required to develop the list should be

provided to the TDB operating personnel as soon as possible.
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The assigning of Generic Part Numbers could, . in theory,

be carried down to the last nut, bolt and washer on the

vehicle. It is recommended, however, that GPN assignment

terminate at the lowest-replacement-unit level consistent

with (primary) maintenance practices. Repair or replacement

of the so-called "misce llaneous hardware It should be

accommodated in repair codes which may be applied to the

repair of the component of which the "miscellaneous

hardware" is a part.

3.3.3 Data Submission Requirements

A major requirement for data submission to the TRIP

Data Bank is that the data be submitted at regular intervals

so that data entry and report generation can be scheduled on

a continuing production basis. For example, hard-copy data

may be submitted weekly: magnetic tape data may be submitted

less frequently (for example: monthly) depending upon· the

volume of the data and capacity of the magnetic tape.

Nei ther of the above data submission intervals are

mandator~, however, and suitable alternate arrangements may

be made to coincide with the data reporting requirements of

the Reliability Verification Demonstration program.

All data submitted to the TRIP Data Bank is normally

copied and retained for archival storage at the TDB facility

as a permanent record of submission. Hard-copy forms are

usually stored on microfiche. Original forms can be

returned upon request to the source: otherwise, they will be

destroyed thirty days after being put on microfiche. Data

from magnetic tapes can be copied onto TDB faci 1 i ty tapes,

and then the tapes are returned to the source within thirty

days of receipt.
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4 - REL·IABILITY VERIFICATION
DE~ONSTRATION PROCEDURES

4.1 PURPOSE AND SCOPE

The purpose of this section is to describe a detailed

plan recommended for conducting a Reliability Verification

Demonstration (RVD) Program. This description is aimed

towards a program performed by operating vehicles in revenue

service on a property's transit network with the objective

of verifying specification reliabity standards or

requirements. The necessary interface between the transit

authority (property) and the TRIP Data Bank (TDB) operating

personnel (contractor) wi 11 be defined with respect to the

data collection and support services requirements.

The plan described herein includes a detailed

description of the objectives, requirements, conditions and

procedures necessary for a property to verify that its

equipment meets the reliability requirements spelled out in

the contractual specifications. The plan is arranged so

that the specifics of program conduct and analysis may apply

to either the vehicle as an entity or to specific system or

subsystem requirements as the occasion may demand.

Upon completion of test arrangements and the

availability of vehicles identified for testing, the RVD

program should commence at the earliest convenient time.

The program should continue until such time that the

requirements have been met or that the test has been

terminated for noncompliance.
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Conduct of an RVD program can best be achieved through

implementation of the procedures reconunended for the

following activities:

•
•
•
•
•
•

Organization of the program:

Setting up a test facility:

Establishing ground rules:

Selection of an RVD sample set:

Conduct of RVD: and

Analysis of results.

The following subsections will discuss these

activities, the procedures and criteria for successful

accomplishment of the program, and the program interface

with the TRIP Data Bank. The procedures outlined ar,e

intended to descr ibe a rigorous and. controlled program· of

reliability verification. Depending upon circumstances,

properties may wish to deviate from these procedures. This

should only be done with a full understanding of the

potential effects of such a deviation(s}.

4.2 PROGRAM ORGANIZATION

After the decision has been made to conduct a

reliability verification demonstration and prior to its

commencement, a meeting between property management

personnel who serve their respective engineering groups and

addi tional interested parties, such as the TDB operating
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personnel and the equipment manufacturers, should be held to

define organizational responsibility, program conduct, and

to generate RVD schedules and activities. It is intended

that a program organization to direct and perform the RVD be

identified consisting of the following: test director who

will manage, coordinate and schedule the test program~ test

engineer who will monitor and direct test personnel in their

activities according to specific procedures~ test operators

who will operate the vehicles throughout the demonstration

test~ repairmen who will be selected for performing

maintenance on the vehicles throughout the demonstration~

data collection personnel who will collect and log in data:

data processing and analysis personnel for TDB support. In a

small test program it may be practical to combine some of

the active functions under the responsibility of a single

individual.

In addition to assigning program responsibility at this

initial meeting, a set of observers should be designated to

act as official witnesses throughout the program. These

observers may review data logs, operations and maintenance

procedures and routines to insure that the test is being

performed as the property and other interested parties

originally agreed upon. Any deviation noted by such

witnesses should be brought to the attention of the test

director. However, such observers may not be permitted to

act, alter, participate or interfere in any manner with the

conduct of the RVD.

In the initial meeting the property and support

personnel should establish the goals and procedures for the

program. The goals should focus upon the particular

criteria that are to be evaluated and the potential results

39



of the program and the expected effects of these results.

Program reviews should be scheduled at periodic intervals so

that the progress of the RVD may be reviewed. Procedures to

be used should be agreed upon by all parties at this

meeting. Of a special importance are the maintenance

procedures. I f the vehicle or subsystems being evaluated

are new and the property and manufacturer have previously

agreed upon a set of maintenance procedures, these

procedures. should be followed rigorously throughout the RVD.

4.3 TEST FACILITY

The operating system and facility to be used for the

RVD should normally be the property I s own operating track

system. Similarly the repair and data collection facilities

should also be those employed at the property. Facilities

and equipment to be used should be sufficient for complying

with the reliability requirements for testing.

Consequently, tools and test equipment necessary to maintain

the equipment should be made available and be in place prior

to the test commencement. Documents or manuals describing

maintenance pro~edures for detecting faults, performing

repairs and check outs should not only be available for use

by the participating personnel, but it is suggested that

they use these documents so that the repairs may be made in

accordance with prescribed standards. The manuals should be

made available prior to the test so that they may be

reviewed if necessary by maintenance personnel or observers.

It is recommended that a specific bay be set aside for

maintenance on RVD vehicles during the program. This bay

should be designated as the test bay area and should exclude

those personnel who are not part of the test from working iri
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that area. The reason for this is so that the same

personnel, facilities, and equipment will be available for

conducting maintenance without interference. This

arrangement permits a consistent baseline for measuring the

effectiveness of the demonstration. Varying personnel

and/or equipment would lead to inconsistencies in

measurement and might require additional instruction for

each new repairman as he may be added to the test group. No

maintenance should be started until all equipment and

personnel are available. Data collection and logging

facilities should be set aside for the test also. It is

advantageous to have collection facilities in a close

proximity to the bay to facilitate any transactions and

verifications which may have to be made during the course of

the test.

4.4 GROUND RULES

In order to meet the requirements of the RVD its

specific goals should be established for each vehicle,

system, or subsystem under consideration for the program.

These goals are stated in terms of failure rates (MTBF or

MDBF) or some other operating parameter and are often

specified in procurement documents. The objective of the

RVD program is to evaluate a units real performance relative

to these goals (reliability requirements). Typical goals

for a rapid transit vehicle might be those listed for a

vehicle system as follows:
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TABLE 4.4-1. TYPICAL RELIABILITY REQUIREMENTS FOR
A RAPID TRANSIT VEHICLF

Systems

Propulsion

Auxiliary Electrical

Truck and Suspension

Friction Brake

Door

Communications

Car Body

Heating and Air Conditioning

Spin Flash Slide

Coupler

MTBF (hours)

600

1,650

1,900

1,100

1,850

2,350

650

2,700

27,000

6,900

The above values yield total vehicle MTBF of

approximately 150 hours. In addition to the specified

values the property should determine minimum values which

you would find acceptable. In many cases these minimum

values may be the original specified value. When these

goals have been identified, it will be possible to determine

the expected time length of the RVD program as the function

of the expected reliability and the RVD sample size.

Once the units (vehicle, system, subsystem) to be

evaluated have been selected and their reliability goals

identified each unit should be listed with its assemhly

breakdown structure, car spotting part numbers, and

component failure rates. As a matter of policy generic part

numbers should be structured in the format used by the TDB.

In this structure the generic part number is related to a

component and range from the vehicle itself down to minute

hardware, such as "nuts and bol ts. " The use of this format

provides a consistent and readily useable scheme for

tracking component failures and processing them through

TRIP.
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Prior to the initiation of the demonstration test, test

procedures and plans need to be formulated and distributed

to all parties involved. These procedures should reflect

the requirements of the contract, its specifications and

standards. At a minimum the procedures should include the

following:

•

•

•

•
•

•

•
•
•

A list of all the components in each system to be

monitored with corresponding part numbers, failure

rates and function~

Identification of the tools and test equipment to

be employed during repairs~

The test cycle that will be used (length of run

per day and schedule of these runs)~

Procedures for preventive maintenance;

The method for data recording, collection and

submittal to TRIP for processing and analysis;

The performance parameters to be measured, such as

MTBF or MDBF;

Failure classifications to be used for the test;

Sample of data recording forms and logs; and

Method of performing configuration control.

In addition, appropriate speci fication, standards,

guidelines and maintenance practices which will affect the
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conduct of the demonstration shall be distributed for use

during the RVD.

It is important to note that once a property has

established a ·set of procedures for the RVD program these

procedures should be followed for the programs duration.

Whether or not the procedures used are those recommended in

this plan, the failue to adhere to a change in these

procedures .could affect the results of the program.

4.5 SELECTION OF AN RVD SAMPLE SET

A representative sample of vehicles, systems, or

subsystems indicative of the total population to be acquired

for use should be selected for the reliability verification

demonstration. The quantity of units should also be taken

at random so the sample set is unbiased in its

representation of the total population. Table 4.5-1,

following, lists recommended quantity of uni ts to be

selected for the RVD program based on the anticipated total

population.

For example, if a transit authority were to procure 300

vehicles the suggested minimum number of vehicles to be

tested would be 30 or 10 per cent. The vehicle population

would not 1 ikely be de livered at once but rather over a

period of months. In general, deliveries are based on a

monthly production rate. Vehicles out of every population

lot should be selected at random from that lot until the

recommended sample size for a test program is reached. A

lot if not defined by contract consists of at least one

month's production. The actual quantity to be negotiated
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with the procuring property. It is recommended that

selection should start with the first lot produced and

continue until the total nemonstration sample is reached.

For example, if the procured population is 100 then 10

vehicles will be delivered each month and 3 out of every

month I s lot should be selected at random for testing until

the des ignated sample size (approximately 15) is achieved.

Table 4.5-2 following suggest possible sample sizes for each

lot de Ii vered. For an RVD this selection process may be

applied to either the vehicle in its entirety or to those

systems within the vehicle which have been selected for

reliability evaluation .

It should be understood that a property may define what

it considers to be an adequate lot, the end objective being

to obtain a reasonable sample which is representative of the

vehicle population to be evaluated. Tables 4.5-1 and 4.5-2

are intended as guidelines but constraints such as time or

availability may direct the property to make its own

selection policies. For example, a property may procure 500

vehicles which are produced at a rate of 25 per month. From

Table 4.5-1, 500 vehicles would require a sample of 50 for

the RVD. The sample selection interval and the number of

vehicles to be evaluated at anyone time may vary as the

property sees fit for its purposes. In the special

circumstance where reliability verification demonstration is

to be used as part of qualification for preproduction unit,

it is recommended that at least two of these uni ts be used

depending upon availability of the units, schedule, and

allowable test duration for the program duration

requirements.
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4.6 TEST PROCEDURES

In this section, the various procedures for selecting

and criteria for performing the appropriate RVD program are

discussed. There are a number of inter-related variables

relating to the properties'

be determined as a part

include:

needs and requirements that must

of the RVD. These variables

• number of units available for testing~

• amount of time available for testing~

• levels of confidence needed in test results~

• the specified failure

tolerance limits.

rates and associated

As the property decides on this information, it will be

better prepared to select and plan the RVD program most

suited to its requirements.

There are- three basic types of RVD programs that a

property may select, each of which is reflected in Figure

4.6-1. The first type of RVD program is one in which

reliability testing is conducted on the unit sample set

until a predetermined number of failures (rO) have occurred.

The second program requires testing of the sample set until

an established time h 0 ) has elapsed. The third RVD

program is a sequential procedure in which the test time and

number of failures are continuously monitored, and at any

given moment the decision can be made to continue testing or

accept/reject the units based on their reliability
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of these three RVD programs may be

any combination with the others ~ the

Any

probably

performance.

used separately

decision will

or

one

in

be a factor of the variable

constraints as well as the desires of the property.

The fqllowing subsections will discuss the procedures

for conducting each of the three RVD program types mentioned

above. These procedures derive from several assumptions

which must be made to reduce the complexity of both the

mathematics involved and the RVD program itself. The

assumptions include:

• The mean time (distance*) between fai lures, e, or.

the failure rate, A, given in the reliability

equation

-x/e
R(x) = e , e =

1
(1)

is constant for the RVD program period.

• Failures are random and are distributed

exponentially as described in the equation above.

• Failed units are returned to the test program

immediately after replacement or repair, i.e.~ the

number of samples under test remains constant for

the program.

* Note: Although time is generally used for a reliability
basis in this report, distance may be easily sUbstituted
where it is the measure for reliability.
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If the units to be evaluated are new, then it is quite

possible that the failure rate will not be constant until

some burn-in period has been completed. This is due to the

likelihood of some "infant mortality" in various components

of the new units. Consequently, it is recommended that some

burn-in period be accomplished prior to commencement of the

test program for all new equipment. This period (distance

or time) should be sufficiently great that the probabili ty

of unacceptable reliability due to "infant mortality" is

low. The purchasing property may wish to consult the car

builder when determining a suitable burn-in period. All

units to be tested should undergo the same burn-in, and have

the same condition and configuration. Simi lar ly, there is

also some doubt as to the true randomness of the failures

occurring in a sample set of new units. If, indeed, the

units to be tested are all new, then some care will be

necessary in evaluating the tradeoffs between test time,

sample size and failure count.

The algorithms presented in the following paragraphs

are deri ved from statistical mathematics for 1 i fe testing.

Some of the derivations are presentd in the text, where

necessary, and the remainder may be found in references.

4.6.1 Failure Rate, Tolerance and Confidence

Historically, transit equipment reliability has been

specified in terms of mean time between failure (MTBF): a

minimum acceptable MTBF has been assigned to each system or

major component as appropriate. In many cases, the bases

for these reliability assignments are questionable,

especially since the detailed collection and analyses of

reliability data as performed by the TRIP are relatively.
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uncommon in most transit properties. A single valued MTBF

specification is, in itself, inadequate for new equipment

specification when anything beyond a general design goal is

desired. Suffice it to say that it is doubtful that an MTBF

obtained at one property wi 11 be duplicated at another for

identical equipments. Obviously, properties should provide

car builders with sufficient information that each property

will see its desired MTBF goal achieved. There are numerous

ways of providing this information, most of them beyond the

scope of this report, but with respect to specifying

reliability numerically it is recommended that certain

parameters should be provided in future specifications for

new transit equipment. Specification of these parameters

wi 11 not only make the property's RVD program easier, but

will assist the· car builder in developing equipment having

an . operating life that the property will find acceptable.

These parameters include:

• So - some acceptable (high) mean life, MTBF

• Sl - some unacceptable (low) mean life~ MTBF~

• a - producer's risk~

• ~ - consumer's risk,

Traditional reliability specifications as discussed

above, provide single valued reliability criteria data such

as that listed in Table 4.4-1. In developing and evaluating

the RVD programs recommended herein, it will be necessary to

identify both a S a and a S 1 value. These two values should

be separated by at least a fifty percent factor

(SO/Sl ~ l) in order to keep costs of the RVD program
2
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down. As the selected ratio of 8 0 to 8 1 decreases, the

length of the test program is likely to increase in order

that the property may make its accept/reject decison with

confidence. Selection of these two MTBF values should be

done with care. wi th new equipment, the speci f ied MTBF

should be established as 8
1

if it is indeed the minimum

acceptable value~ otherwise, the specified MTBF should be

bracketed with 8
0

and 8
1

values (tolerances on the MTBF)

such that the ratio between the two is adequate. I f the

equipment to be tested has been used in other vehicles, then

there may be some established data base from which

appropriate 8 0 and 8 1 values may be drawn. Similarly, with

older equipment to be tested, existing reliability data may

be used for one or both of the values.

Evaluation of information collected on equipment

evaluated during an RVD must be performed with some

definable degree of confidence. This is achieved through

assigning values for producer's risk (a) and consumer's risk

(a)~ where a is the probability of rejecting equipment

having a true MTBF (8) equal to or less than 8 0 , and

where a is the probabi lity of accepting equipment having a

true MTBF (8) equal to or les's than 8 1 . Another way of

looking at this is that there will be a confidence level

of l-a that the consumer's decision at the conclusion of the

RVD program will be accurate. It follows logically that

as a decreases (or the confidence level increases) the time

and or number of units required for the RVD will increase.

While a property may wish for 100% confidence in its

decision, other economic factors must be considered, so

consequently levels of 80% to 95% (0.05 ( a (0.20) are

normally selected. Similarly for a, values between 0.05

and 0.50 are recommended, depending upon the RVD program
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planned. The forthcoming sections will discuss

how a, 8 , 8
0

, and 8 1 are used to plan and evaluate

For the sample programs presented, values of a = S =
and the ratio 8 0 / 8 1 = 3 will be used, but properties2"

an RVD.

0.10

planning an RVD should thoroughly evaluate their

requirements before selecting the appropriate values.

4.6.2 RVD Testing To A Fixed Number Of Failures

Regardless of the type of program selected, an RVD need

never be conducted beyond a predetermined maximum number of

failures or a maximum time limit. In this section focus is

placed on calculating the failure limit and evaluating the

results of the demonstration at this limit. In performing

the calculations presented herein, the assumptions relating

to fai lure distribution, randomness, and replacement, etc.

presented here should be reviewed as they form a basis for

the equations.

In setting up the RVD procedure, it will be necessary

to establish two test hypotheses (H O and HI) about the true

MTBF (8 T ) . They are· HO : 8 T = 8 0 and HI : 8 T = 8 1 < 8 0 '

such that .the probability of accepting 6 T = 8 0 given

that 6 0 is true equals I-a, and the probability of

accepting 6 = 8 0 given that 8 I' is true is less than or

equal to 8. Thus the confidence levels are set and criteria

for selection/rejection of the tested equipment chosen. The

test MTBF value (6) will be determined at the conclusion of

the RVD such that
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'r no = -7-~ (2)

where, is the total time (distance) operated by all test

units (n) whether they failed or not up until the time

(distance) when the r-th failure occurred (T n. = ~ ,(n))
j=l

When testing to a fixed number of failures, r o ' the equation

(2) then becomes:

e=
, r, n

where r6 is determined as follows.

It has been assumed that the probability distribution

function for failures, f(t), may be represented as:

1 -tief(t) = e
e

(3 )

an exponential distribution. As a result, the

variable,/e is proportional to x 2 (2r)/2 (chi-squared distri­

bution with 2r degrees of freedom)~ that is:

22t/e - X (2r).
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From equation (2), this may be shown as:

(4 )

It may further be shown that the region of

acceptance, HO' for 6 t = 6 0 must be of the form

where r is the smallest integer, rO' such that:

( 5 )

( 6 )

Thus the inequality (6) will determine that failure

limit, rO' which insures that an accept/reject decision may

be made within the confidence leve Is des ired. This is not

to say that a val id decision cannot be made with fewer

failures (r < r O) 7 indeed, the value rO is a maximum beyond

which no further testing is required. Table 4.6-1 shows

some failure limits for given values of a, ~ and 6 0 /6 1 . It

should be noted that the number of failures is independent

of the specified MTBF or the number of units to be

evaluated.

Example 1: Assume that a = .10, e = .10, 6 0 = 2200 hrs.

anda 1 = 1100 have been assigned for an RVD on a friction

brake system. From Table 4.6-1 it can be determined that
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the test may be concluded when 15 failures have occurred.

Use of the tables in Appendix A verifies that:

2
X.90

2
(30) /X.IO (30) = 20.60/40.26 = .51 ) .50 = 6 1 /6 0 ,

At the end of the RVD, program; that is after r o
failures have occurred, a 6 may be calculated using equation

(2) and an accept/reject decision made using equation (5).

Continuing with Example 1, for rO = 15, then the test MTBF

must be equal to or greater than 1511 hours, i.e.:

2
6 ) 6 0 X I-a (2r)/2r = 2200 (20.60)/30

= 1511.

If the 15th failure had occurred after 22,500

hrs (6 .. 1500) of testing then the friction brake system

would have been unacceptable. On the other hand, if the 15­

th failure had not occurred until the 24,000th

hour (6 = 1600), then the system would be accepted with a

minimum 90% confidence that the true MTBF is greater

than 6 1 . Figure 4.6-2 represents these results graphically.

4.6.3 Time Truncated RVD

It is difficult to plan the time requirements for the

failure limited type of demonstration just discussed. Even

when the confidence levels and reliability tolerances have

been determined and, from that, the accept/reject criteria

calculated, it is difficult to estimate the time length of

the program. As this test type may not be concluded until
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the ro-th failure has occurred, it presents definite

problems to transit properties where the availability and

scheduling of time, facilities and per.sonnel is important.

From Figure 4.6-2 , it may be seen that all decisions made

prior to , must result in a re ject decis ion. Furthermore,

if rO failures have not occurred by time '0 then the RVD

must terminate in an accept decision as the test concludes

exactly at the ro-th failure. Thus" 0 must represent the

maximum time for which the test must run before a decision

-can be made with the required confidence. That is (from

,equations (2) and (5))

2
'0 = 6 0 X (2rO)/2

( I-a)
( 7 )

where rO has been determined in the manner described in

Section 4.6.2.

To this point, there has been little discussion of the

impact that the number of samples (n) being tested have on

the RVD duration. As mentioned the failure limited RVD is

.-independent of' n, which is to say that regardless of the

number of samples tested, the RVD terminates at the ro-th

failure and the total test time for all samples tested is

the aggregate sum of the test times for each of the

samples. The maximum required test time given by equation

(7) is achieved through reducing the number of samples

tested to one. When more than one equipments are tested in

the RVD, the real test time, , is a function of '0 and n,r,n
i.e.:
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2
T = TO/n = 8 0 X (2r O )/2 n •

r 0' n ( I-a)

Consequently, in planning an RVD, the property may

fix T based on any time constraints they may have within
rO,n

the limitations imposed by the number of

available for testing and the TO requirements.

reject decision for a time truncated RVD is

that calculated for the roth the failure for

limited RVD using equation (5).

equipments

The accept/

identical to

the failure

Example 2: Assume that a property is purchasing new

air conditioning units for 150 of its subway cars. The

testing must be conducted in revenue service operation over

a ninety day period. The property has specified

a and a risk levels of 10% with 8 0 = 4050 hrs and 8 1 = 2700

hrs. Assuming that each car averages 16 operating hours per

day, then there are 1440 real hours of testing (r )

available. Referring to Table 4.6-1, it will be see~O~~at
the maximum number of failures (rO) that must be accumulated

is 41. From equation (7) we find that:

2
T 0 = 8 0 X (1 -a) (2 r 0 ) / 2

= (4050) (66)/2 = 133,650 hours.

The minimum number of units to be tested becomes:

= 133,650/1440 = 92.81 + 93.
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That is a minimum of 93 air conditioning units must be

installed on the subway cars in order to complete the RVD

within the 90-day timeframe.

Now, using equation (5), it may be determined that if

the mean time between failures, 6 , is greater than 3260

hours at the end of the ninety day RVD, then the units will

be accepted:

) (4050) (66)/2 (41)

) (3260).

These results are illustrated in Figure 4.6-3.

It . is important to recall that replacement of failed

units was assumed for these test. Therefore, when a failure

occurs, the clock is stopped for that unit and restarted

again when repairs are made and the unit is back in

operation. The RVD is completed after '0 ' aggregate hours

of operation by the units. It is not important that each

unit operate the same amount of time; indeed, when equipment

is delivered in lots, it may be neither practical nor

possible for this to occur. If, as in the case of Example

2, the minimum number of units possible are tested in a time

truncated RVD, then the test time for each unit will

normally be about equivalent.

4.6.4 Sequential Testing

The two previous RVD test types have provided the user

with maximum time and failure limits beyond which no further

62



\ \
\ \

\ \

\ \
\ c, ~ \o i::<\ .\.,,~ \

\

c, Q

\ ?c, \.~ .~

-\ ~ "q"

~~ \.
\ i

\ \\
\ \\\:

\ \
t~ \ \
\\

~:; \ \
\ \-

\ \
\ \

\ \
\\

\\

63

1:•....
~.-

~
M
M.-

0
N.-

oo.-

8o
~

~
.~

$ ..
!
5

'0..

o
N

I­
eI)
w
l-

e
w
I­«
u
:z
::J
a:
I-

w
~

i=
e
>a:

N

W
..J
Q.
~«x
w



testing

possible

it seems

is required. For those tests, no judgement is

until the RVD terminates at the limit. Intuitively,

that there should be certain circumstances in which

an early decision might be made, and there are. These early

decisions may often be made through the use of sequential

testing~ at any time in the RVD, the testing organization

can measure 8 = 'r,n and make an accept, reject or continue

r

testing deGision. This type of test illustrated in Figure

4.6-1, could, of course, be continued until the maximum

,-time/ fai lure bound is reached before a re ject/accept

'judgement is made. The following paragraphs discuss the

procedures for sequential testing.

For sequential testing, we again start with two hypotheses:

HO: e = eO

HI: e = e1 < eo

and the probabilities (risks) =

P(HI/HO) = ex : probabililty of accepting HI when HO is

true, and

probability of accepting HO and HI is

true.

Next, a like lihood ratio is developed with the following

rules:

( 1 )

( 2 )

If LI /L O (A, accept HO, r , r

If Ll /L O ) B, reject HO, r , r

64



( 3 ) If A (Ll ILo (B, continue observations.,r ,r

The likelihood function, LR,r' is defined as:

L =R,r

,
1T

j=l

1

6

-t/6e
(8 )

for the exponential failure distribution that has been

assumed. The bounds, A and B, are ratios related to the

risk levels such that:

~ l-~

A = and B =
l-a a

Thus, the inequality for the continued observation region

becomes (based on the initial assumption):

a

~ 6 1 1 l-~
( (~ ) r e xp [- (_ _ _) ] (

6 1 .6 1 6 0 'r,n
( 9 )

Taking the natural logarithm of ( 9 ) and rearranging yields:

-In
(.~-)

r In (6 0
/6

1
)I-a + ( , r, n (

1 1 1 1

6 1 6 0 6 1 6 0
(10)
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1-8-In
a

1 1

8 1

r In (8
0 /8 1 )

+
1 1

The inequality of equation (10) provides the equations

of the upper and lower bounds for the decision regions shown

in Figure 4.6-1. Additional boundries are further provided

by the rO and 1" 0 limits calculated previously. Also shown

in the figure are some preliminary boundaries inside of

which no decision can be made. These are strictly arbitrary

and may be used at the discretion of the test directors.

Basically, the preliminary boundaries are included so that

some minimum time or number of ,failures will pass before any

decision may be made, allowing some stabilization of the

reliability data base.

Example 3 : Assume that an RVD is planned for a new

fleet of 255 rapid transit cars to be delivered soon for

which the following reliability data has been specified for

the car systems:

8
0 8 1 a 8

System

Propulsion 900 600 .10 .10

Auxiliary Electrical 2475 1650 .20 .20

Truck & Suspension 2850 1900 .10 .05

Friction Brake 2200 1100 .10 .10

Door 3700 1850 .10 .10

Communications 4700 2350 .20 .50

Carbody 1300 650 .10 .10

Heating & Air

Conditioning 4050 2700 .10 .10
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Spin/Slide

Coupler

54,000

10,350

27,000

6900

.05

.10

.10

.10

In order to evaluate all of the systems,

calculation shows that the spin/slide system is

driver with a required 1 0 = 669,600 hours.

a quick

the high

For the given scenario, assume that the property is

capable· of performing acceptance testing and burn in at a

ra te of 15 car per month i thus the last cars wi 11 be ready

for operation at 18 months from the initial delivery. The

property wi 11 operate the cars in the RVD program for an

average of 480 hours/month. If the entire lots (15 cars)

are used, then the RVD will require a maximum of about 13

months for evaluation of all systems. If only 10 cars from

each lot are used, then the RVD will require a maximum of

about 16 months.

For the sequential RVD program, a test graph should be

constructed for each system or equipment to be evaluated.

For this example, we will construct graphs (Figure 4.6-4 and

4.6-5) of the propulsion and communications systems.

Looking first at the propulsion system, the inequality for

the decision lines becomes from equation (10):

- In (.1/.9) rln(3/2)+ < 1 <
1 1 1 1 r,n

-- - - --
600 900 600 900

- In (.9/.1) r In(3/2)
+

1 1 1 1-- -- --
600 900 600 900
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and simplified

3955 + 729.84r < < -3955 + 729.84r.

For the graph, the maximum limits become

r O = 41, and

TO = 29700 hrs,

with the decision criterion of:

e > 724.4 hours.

at these limits. In addition, since the propulsion system

is of importance, the property arbi trari ly decides that it

will make no decision before 10 failures or 10,000 operating

hours have occurred. These decisions and calculations are

illustrated in Figure 4.6-4. Now the property can

: periodically determine and decide, at any time, to reject or

accept the equipment, or to continue testing. -I f, for

example, at 20,000 hours an MTBF is calculated, the

decisions will be as follows:

for; r .. 21 +

22 .. r.. 32 +

accept system

continue testing, and

r .. 33 + reject system.
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The sequential RVD graph for the communications system

is calculated in a similar manner. The decision bounds are

given by the inequality:

2209.0 + 3257.8r < 'r,n < -4306.6 + 3257.8r.

The boundaries and decision criterion are:

r o = 3,

'0 = 7214.5 hours, and

A

e > 2404.83 hours.

The primary objective of this example is to demonstrate

the effects of changing the risk levels. If the consumer's

risk were reduced to 6 = .20, the decision bounds would

become:

6515.6 + 3257.8r < 'r,n < - 6515.6 + 3257.r,

and the boundary decision criteria:

r o = 7,

'0 = 22,247.5, and

A

e = 3173.21
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The effects of changing 6 are shown graphically in

Figure 4.6-5. The differences become obvious when presented

in this manner.

•

•

•

In most cases a decision will be made and the test

terminated for the 6 = .50 condition before a

decision is possible in the 6=.2 case.

Although the reliability criteria are identical

for the two cases, it is possible to accept the

equipment with a lower reliability. The

consumer's risk is 50%.

As 6 increases, the symmetry about the origin

shifts so that equipment that is on the borderline

of rejection will, at least, be tested further

before a decision is made.

The conclusion to be drawn is that properties should

carefully evaluate their decison risks (a and 6) and perhaps

investigate the selected values graphically before settling

upon the values to be used. These risks can have

considerable effect on the length and success· of the

program. Literally, they will reflect the property's

confidence in the demonstrated equipment reliability.

4.7 FAILURES

One of the most im~ortant aspects of an RVD is that of

failure reporting. Recording of failure data serves a two­

fold purpose. First, in order to determine the

acceptability of the equipment evaluated, it is critical

that failure data, such as failure type and time/distance to
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failure be logged so that accurate test reliability may be

calculated. Second, it is assumed that an underlying

purpose of an RVD is to provide an opportunity for

evaluating the causes of equipment failures under controlled

conditions, so that appropriate corrective action through

procedural changes, engineering modifications, or component

redesign may be accomplished to increase reliability.

During the RVD, all fai led equipment and!or related

incident data should be recorded on forms. Serialized units

which must be replaced should be documented appropriately,

and identical part numbered units used for replacement. Any

replacement or repair which could effect a change in the

equipment reliability should not be performed during the

RVD: otherwise, previously collected data on the system or

subsystem, etc. are voided. Furthermore, deteriorated parts

which are still within specified tolerance limits should not

be replaced during the test.

4.7.1 Definitions and Categories

Reliabi li ty cr i teria are expressed in terms of some

mean interval between failures. Usually,· the interval is

either time, in hours, or dis£ance, in miles or kilometers.

It is important that in specifying reliability and planning

an RVD program that a property take care in its selection of

a reliability interval. Certain systems, such as air

condi tioning or auxiliary electricai, tend towards a time

rather than distance reliability as they are used regardless

of whether the vehicle is moving or not. On the other hand,

brake and propulsion systems are distance dependent.

Another important aspect of reliability specification is the

meaning of failure. In its most general sense, a failure is
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that occurance or circumstance which prevents the vehicle,

system, subsystem or component, etc. from functioning in its

normal or intended manner. It hardly seems reasonable that

accidents, acts of vandalism, or natural disasters should be

considerd as failures in a reliability evaluation for

transit equipment~ so consequently, this general category as

defined above is termed incident. Failures, then, are

understood to be those incidents which are not caused by a

source external to the vehicle or equipment. ~n at tempt is

made herein to define some of the terms used in the RVD

programs relating to reliability.

• Incident - Any occurance which causes a disruption

to service or opera tiona! capabi Ii ties, i. e. ,

failures, vandalism, accidents, national

disasters.

• Failure - Any detected inability of a component or

equipment to function or perform in accordance

with the indicated requirements, not caused by

vandalism, accident, natural disaster.

• Failure, Primary A failure which is responsible

for a system or equipment malfunction,.

(Independent Failure).

• Failure, Secondary - A failure which occurs as the

consequence of another failure (Dependent

Fail ure) .

• Failure, Relevant A failure which has as its

cause an inherent weakness in manufacture or

design or an inability of equipment to operate
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satisfactorily in interface with the "remainder of

the system.

• Failure, Non-relevant - A failure which has as its

cause an out of tolerance (incorrect) condition

external to the failed unit.

The above definitons must unfortunately depend upon

individual ~nterpretations of the language. It is therefore

imperative that all personnel involved in an RVD program

understand and agree upon the evaluation criteria to be

used. For example, there are certain veh.icle systems, such

as the brakes,· where redundancy is built in for reasons of

safety or availability. A single failure in such a system

may have little or. no affect on the vehicle 's ability to

function successfully in its normal manner. None-the-less,

the failure occurred and should be recorded. This leads to

the definition of reliability which is to be evaluated in

the RVD. Gen~rally there are understood to be two primary

categories which are defined as follows:

Between

interval
• Mean Interval

mean of the

etc.) between

Failures the arithmetic

(time, distance, cycles,

successive failures.

• Mean Interval Between Service Failures the

arithmetic mean of the interval between successive

failures which interrupt or impact service

operations.

Obviously, a single brake system failure may have no

short-term impact on service operation, but it will in time,

if no repair is performed. Finally, in the above
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definitions no clarification- of the type of failure has been

provided: relevant, primary failures are the normally

accepted criteria, but it is the responsibility of the

property performing the RVD to provide the appropriate

distinction.

4.7.2 Failure Verification

-All failures observed during the RVD program should be

confirmed by ,the test director or test engineer and

initialed on the failure report. It is the responsibility

of the test director or engineer to review each failure

report and determine the type of classification that applies

to the failure. More critical to the classification is the

determination that the failure is relevant, at least to the

RVD. Any additional comments or observations that -};p~ test

director or engineer may find useful to qualify the event

should be -included in the report. The test director or

engineer should insure that the -failure report is complete

and contains all the data necessary to the maximum extent

possible for providing a complete description of the event.

4.7~3 Verifying Repairs

Following a repair or corrective action prior to

resumption of test, it shall be permissible to operate

equipment for the purpose of proper operational checkout.

This will insure that the repair made did indeed correct the

problem and that the vehic le, system or equipment is ready

for operation. The test director or engineer will supervise

that the prescribed procedures for checking out equipment

have been followed. Fault indicators, proper operation, and
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safety features shall be checked to verify that the repair

made did indeed correct the fault found.

4.7.4 Analysis of Failures

It is desired that the cause of each equipment failure

shall be determined by investigation and analysis. Such

investigation and analysis should consist of any applicable

method necessary to determine the cause of failure. As the

failures are recorded, the test engineer should indicate the

suspected cause of failure on the failure report under his

comments section. Those failures for which there is

insufficient information to indicate the apparent cause can

be set aside for investigation at a later time.

4. 8 i~:~ SUMMARY

4.8.1 Planning

When a property has determined the desirability of a

Reliability Verification Demonstration for its equipment, it

should establish an organization or committee responsible

for test administration and conduct. This organization

should develop a schedule for the RVD including review

intervals in order to discuss RVD progress and problems.

Other responsibilities of the RVD test committee should

include:

•
•

Establishing ground rules for RVD conduct

Identifying maintenance facilities and procedures .
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• Ensuring proper

failures.

reporting and record~ng of

• Analyzing RVD results .

As a part of the planning, the property or test

committee should verify the reliability criteria against

which it plans to evaluate the equipment. The type of RVD

test should be selected and procedures for accomplishing the

test defined.

4.8.2 Installation and Burn-in

All vehicles, systems, test equipment and

instrumentation to be used in the RVD should be calibrated

and checked out prior to the RVD to ensure that they, meet

minimum safety and performance standards. This action will

serve to insure that the vehicles and the facilities will

function properly under test conditions, and without

hazard. Fundamentally, the installation period requires

that each vehicle be run for a brief period (500 miles or 50

hours) to permit familiarization and acquaintance with

operating procedures. Minimum safety standards are those

standards prescribed by the transit authority for operating

the vehicle without hazard. For example, warning lights,

signals, proper operator training, brakes, and controls

should be verified prior to operation. Any failures found

during this period will be recorded and replaced by a good

component. However, such failures will not count towards

the demonstration test. Furthermore, if the vehicles or

equipment are new, the property should allow some burn-in

period (about 2500 miles or 200 hours) in order to reduce
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the possibility of test degredation

mortality" of the equipment.

due to "infant

Maintenance and data collection personnel should be

given the opportunity to familiarize themselves with their

duties and procedures to insure that a smooth transition of

data from maintenance action to data recording and

processing will follow. Maintenance personnel should also

exercise the repair routines to be employed using the tools,

test equipment, and manuals provided for such purposes.

Where procedures are found to be deficient in performing a

repair, such steps will be reviewed and corrected to the

satisfaction of all parties involved in the RVD. The basic

data flow should adhere to the· following steps. A failure

report shou ld be initiated by the operator when a failure

occurs. This report should be sent with the vehicle to the

maintenance shop where the report should be completed by

maintenance personnel performing the repair. Next, the test

engineer should review the repair information for

completeness and verify the failure. After this, a copy of

the failure report should be collected, logged in, and

stored as necessary for shipment on a periodical basis to

TRIP for processing.

4.8.3 Testing

Once the RVD procedures have been determined and all

prior conditions have been· met, the test may be started.

Regardless of the number of simulataneous RVD I S (one for

each system or equipment type having its own reliability

specification) each program . should be evaluated in

accordance with the criteria of the test plan such as

discussed in Section 4.6.
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Test time or mileage is understood as meaning equipment

operating time or mileage for purposes of determining

equipment reliability. It is assumed that during the test,

vehicles may be removed from service due to failures of one

kind or another. Barring vehicles which may not be returned

to service (i. e., accident), such interrupted time will not

count as test time or mileage nor _cause the test

time/mileage to be extended by the period interrupted. If a

vehicle is removed from service due to an accident, the

remaining demonstration fleet may run for an additional

period to account for the lost vehicle time or mileage due

to its removal.

Determination of compliance is measured against

failures occurring during the demonstration test itself: all

data pertinent to the test will be logged and recorded. As

the data is accumulated and evidence shows that the criteria

for acceptance or re jection have been met, the test may .be

terminated and the results summarized. Depending upon the

RVD plan selected, one of three decisions may be made at any

given time: ( 1 ) continue testing, (2) discontinue testing

because criteria for rejection are met, and (3) discontinue

testing because criteria for acceptance are met.

During the RVD, each vehicle odometer or equipment

elapsed time meter should be checked periodically to insure

its proper operation. The odometer or time meter should be

replaced immediately if defective without counting it as a

failed item for demonstration purposes. If not already

installed, hub odometers should be installed on vehicles

and/or timers added for operators to clock time expended

during operation. As a last resort, daily time of
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operation, miles traveled, number of runs made may be logged

to provide data for operational measurement.

Preventive maintenance procedures as specified by

manuals for maintaining the equipment during normal

operation should be used during the reliability test. No

additional preventive maintenance is allowed during the

reliabili ty test or during actual equipment repair.

Readjustment of operator controls, periodic calibration, and

checkout is not to be considered preventive maintenance.

Preventive maintenance may be performed on test equipment

and the maintenance facility as necessary.

4.8.4 RVD Results

If the RVD program for an equipment is terminated in an

accept decision, the general conclusion is that the

equipment meets an intended (specified) reliability goal

with a definable level of confidence. It is possible that

certain design changes or modifications which improve

equipment reliability might be identified as a consequence

of the RVD. It may also be discovered that certain

procedures followed during - the RVD result in a definable

difference in reliability or avai labili ty. In either case

the equipment has met its reliability objectives and further

improvements await further decisions. The other cause for

termination, rejection or failure to meet· the reliability

goals, requires defini te follow-on action for obvious

reasons. When a demonstration test is hal ted due to a

failure, a procedure for correcting the causes of the

deficiency should be initiated. The corrective procedure

should incorporate an evaluation which will consider the

historical trend of the test, the number of kinds of
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failures, and the point at which the reject decision was

made. From the data evidence gathered, the corrective

action should follow a plan where the failure, design

deficiencies, or procedures which have caused the decision

can be corrected but not degrade the equipment as a

result. The specified performance and design

characteristics of individual equipment should not be

changed sot that reliability requirements can be achieved.

If it is determined that a failure is due to operation of a

component beyond its design limits, it shall not count as a

demonstration failure and a replacement will be made with a

like component. Such corrective action should be reported in

detail with supporting data and does not count as a failure

towards the reliability requirements. All such failures

shall be reviewed by engineering analysis for final

evaluation.

When enough failures have occurred that an RVD is

terminated in a reject decison, detailed analysis by the

property and the equipment manufacturer should be performed,

especially if the causes for the poor reliability are in

question. It will be necessary at this point to review past

RVD and appropriate historical data in order to select the

proper course of action. In this circumstance, the TRIP

data bank is likely to be a valuable resource.
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5 - TRIP DATA SUPPORT FOR AN RVD PROGRAM

5.1 INTRODUCTION

TRIP is a government-initiated program to assist the

transit industry in satisfying its needs for rapid rail

transit vehicle reliability information. This assistance is

provided through the operation of a national reliability

data bank to collect, store and analyze data generated by

transit operators in the course of transit vehicle revenue

operation and maintenance. Summary results of periodic

analysis of the data are distributed to TRIP participants·

and users.

The TRIP data bank has been designed specifically to

meet the needs of the transit industry for timely reportin9

of reliability information from a variety of perspectives

including:

• Fleet Performance~

• Individual Vehicle Performance~

• System Performance~

• Component Performance.

The data bank design is based upon a modular concept to

provide wide flexibility in the various functions of data

entry, data verification/editing, data base update, data

retrieval and data analysis. Input data processing programs

are custom-tailored to read and reformat transit authority
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data into system standard formats. This approach enables

the data bank to accept data in a wide variety of formats

and minimizes the programming effort required to initialize

the system to accept data on new transit vehicles and

equipment.

TRIP is ideally suited to support a Reliability

Verification Demonstration and provide the data services

necessary. TRIP is designed to provide such services; it can

process, summarize and analyze data in an impartia~ manner,

and respond with data output in a timely fashion.

5.2 DATA INPUT

Throughout the RVD program, operations, maintenance

activi ties and incidents related to the performance of the

equipment(s) under test should be 90cumented in detail, and

submi t ted to the TRIP Data Bank for storage and

processing. Later, outputs formatted in a manner that will

facilitate evaluation of the equipment(s) performance can be

produced on demand. The generation of output data

(discussed in Section 5.3) requires input data which TRIP

can utilize for processing. To serve this purpose, expedite

data collection and minimize problems during the

demonstration, extensive use of TRIP codes and generic part

numbers should be used for classifying the test data. This

use will futher facilitate uniformity in tracking,

processing and evaluating the data so that the outputs can

be presented in a timely manner. For purposes of component

or vehicle comparison uniformity of classification becomes

an essential characteristic.
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To streamline and reduce the data load for those

performing the RVD, input records for supplying data to TRIP

have been limited to those which will provide only that data

which is essential to making the appropriate accept/ re ject

or continue testing decision. For this effort, only a daily

log and failure reports are req~ired.

5.2.1 Daily Log

A daily log record should be maintained throughout the

RVD. At a minimum, vehicle number, route, date and

mileage/hours accumulated should be recorded by the vehicle

or equipment operators. I n the comment column, as

appropriate, the number of runs per day performance of

scheduled maintenance or any other pertinent information,

such as the occurance of an incident, should be recorded

(See Figure 5.2'-1 for an example of the type of form that

might be used). This log will be an input to TRIP.

5.2.2 Failure Report

A failure report should be prepared each time a

reportable failure (relevant, primary, etc.) occurs during

the RVD as defined or agreed upon by the test organization.

This report will describe the symptoms and effects of each

failure as well as the resultant maintenance actions

required to correct the mal function. Such a report should

include, but not be limited to" presentation of the

following information:

• A failure report number;
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• Date of event, hours/mileage accumulated to that

date~

• Vehicle number, specific route (if practicable)

• System, subsystem, assembly, and component name

and part/serial number~

• Narrative description of the fault symptoms,

maintenance action taken and resulting correction

checkout. Narration should include any related

characteristics which would fully describe the

event, especially the cause of failure~

• Coded - description of the symptoms, fai lure type

and maintenance -actions taken. (It is intended

that all -the coded failure information recorded

should make use of the TRIP code schema whenever

possible.

A representative example of the type of failure report

format that might be used for an RVD is illustrated in

Figure 5.2-2. In many cases, those failure report formats

used by individual transit properties may be used with only

minor modifications.

5.3 DATA OUTPUT

In order that the conduct and results of an RVD may be

clearly and easily interpreted and analyzed, a variety of

outputs from TRIP may be obtained. These outputs are

derived from both the evaluation criteria determined prior

to the start of the program and the operations/maintenance
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data collected during the program. Potential outputs,

described in the following paragraph, include:

• Test Data Logs - Provide a history of operations,

maintenance and incidents for each vehicle, system

or equipment during the RVD.

• Equipment Failure Records Provide a failure

history of each unit on test. It can be used to

identify trends and, in summary format, to plot

the test's progress with respect to time.

• Test Criteria Plots - Provide a continuous plot of

a test's progress for each unit with respect to

its accept/reject criteria.

• Duane Plots Provide a means for measuring the

reliability growth of a system. Can be of

assistance in determining the valiidity of an RVD

program.

5.3.1 Test Data Logs

A complete record of accumulated input data for each

individual vehicle/system under test will be provided during

the test. The record format shall permit ready reference to

test history of each vehic lei system in the program. At a

minimum, the test log will report the vehicle number,

system/vehicle name/model number, hours of operation/mileage

accumulated for a specified period (bi-weekly) date, number

of failures for the period, number of incidents for· the

period. Figure 5.3-1 presents a ·sample of one output format
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that might be . used. Other formats are also possible,

depending upon the availability of data.

5.3.2 Equipment Failure Record

A failure report will be provided for each equipment

participating in the RVD. The record is designed to permit

reference to the test history of each tested equipment so

that widely divergent differences, trends, or patterns in

test behavior for equipments may easily be recognized. At a

minimum, the failure record will note the component, its

next higher assembly, system, date of

mileage at the time of failure, and,

vehicle number. This record can serve

failure, hours or

where applicable,

to detect failure

trends and identify high failure rate items requiring action

as a result of data analysis. In a sununary form, this

record is intended to contain all the information necessary

to reach an accept/reject decision on the test. It shall

include all· failures considered relevant on all equipments

under test. On a periodic basis, the sununation of the

failure data will be measured against the RVD evaluation

criteria to determine whether an accept/reject decision is

inuninent. Figure 5.3-2 illustrates a potential format for

presenting the necessary output data from TRIP.

5.3.3 Test Criteria Plots

Test data for each system will be plotted against the

system's accept/reject test plan graph. The continuous

plotting will determine the progress being made with regard

to a system's accept/reject decision during the RVD. The

test criteria plots will be output by TRIP periodicallY.
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Although the derivation and application of test

criteria plots has been detailed in Section 4.6, their use

will be summarized briefly herein. Three test types have

been recommended for an RVD:

•
•
•

Test to a failure limit7

Test to a time limit7

Sequential testing.

In all cases, the number of failures having occurred on

the equipment being evaluated is plotted against the total

test time that has passed. For the first two tests

mentioned, the RVD is continued on the particular equipment

until the failure or time limit has been met, after which a

reject/accept decision may be made with some predetermined

level of confidence.

The most commonly used test is the sequential type

since this test may be terminated more quickly than the

other two. In the sequential test, a property may

continuously monitor the elapsed time and number of failures

that have occurred7 at any time they may determine whether

the test may be terminated in a accept/reject decision, or

if it must be continued. Figure 5.3-3 illustrates a

sequential test on which actual failure data would be

plotted by TRIP. As an alternate to the test criteria plot,

the actual failure data may be compared with a table of

criteria, such as presented in Table 5.3-1, and the decision

to terminate or continue testing made accordingly.

94



\

\

\
\
\

...
u
w..,
w
a::

....
0.
W

U
(J

<{

\
1\

.. f)
~ -....

::::>
0.-....
::::>
0
0-

a::
.t:
z
<{
...J
0.

t;
W- ...

i::
...J..'

.;!:. <
Gl ...
E z
t= w

::::>... 0
~ w

CI.I

ii w
1) ...J

0.I- :E
<CI.I

M
~
Lri
Gl..
~
ell

i.L

..0

95



Table 5.3-'
SAMPLE SEQUENTIAL TEST DECISION CRITERIA

Total Test Time (multiples of () 1)

No. Failures

o
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16
17

18

19

20

21
22
23

Reject (Equal or Less)

N/A

N/A

N/A

N/A

N/A

1.04

2.43

3.82

5.20

6.59

7.97

9.36

10.75

12.13

13.52

14.91

16.29
17.68

19.06

20.45

21.84
23.22
24.61
26.00

Accept (Equal or More)

5.89

7.28

8.66

10.05

11.43

12.82

14.21

15.59

16.98

18.37

19.75

21.14

22.52

23.91

25.30

26.68

28.07
29.46

30.84

31.40

31.40
31.40
31.40
31.40

- A !'

given: a = .05, ~ = .05, eoI() 1 = 2

(-5.89 + 1.39r< Tr n <. 5.89 + 1.39rl,
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5.3.4 Duane Plots

A Duane plot is a graphical representation of a units

reliability plotted against cumulative time. Such a plot

should be maintained for each equipment to be evaluated in

an RVD, as one of the assumptions made in the recommended

RVD test procedures is that the reliability measure (MTBF or

MDBF) remains constant for the test duration. A change in

reliability may affect the validity of the RVD results, and

so a Duane plot will be useful in monitoring an equipment's

reliability, stability and any trends.

Reliability for complex equipment, such as a rapid

transit car or one of its major systems typically follows

what is known as a "bathtub" curve (shown in Figure 5.3-4

below). If a RVD is performed on new equipment before the

period of "infant mortality" has ended, then it is apparent

that the test MTBF calculated at the completion of the RVD

may not be a true representation of the equipment I s true

reliability during its useful operating life. The Duane plot

will be used in the RVD to demonstrate that the RVD results

truly represent the equipments I design reliability. This

plot will be an output published periodically by TRIP.

Duane plots are also useful in certain types of pre­

production. and warranty programs in which a reliability

growth is planned between some initial low MTBF value and

another pre-defined MTBF goal. Such a growth is normally

due to modification improvements as well as some improvement

in operations or maintenance procedures. For these types of

programs and expcted growth of between 0.3 and 0.5 has been

historically demonstrated as· acceptable. This growth range

is illustrated in the plot in Figure 5.3-5.
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5.4 RVD RESULTS

In support of the demonstration test, TRIP will be

instrumental in providing analysis so that failure data

characteristics may be evaluated to provide useful results

for rectifying operational and design problems. Ultimately

such analysis will contribute to reducing failures and

improving overall reliability of the vehicles. In

conjuction with the test, TRIP will provide special reports,

as requested, to highlight equipment problems. Typical of

such reports and analysis are the following:

• Analysis of data trends, patterns, evaluations;

• Special evaluations of significant contributors to

vehicle failure rates (high drivers);

• Comparison analysis for system MTBF accept/reject.
criteria;

• Impact of vehicle removal from test; and

• Changes in test policies and procedures.

5.4.1 Reliability Calculations

decision may be made, it is

the failure rate (A) or mean

(6) of the equipment being

for this determination is as

Before an accept/reject

first necessary to determine

interval between failures

tested. The procedures

follows:
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1) Identify these failures (r) which have occurred

and which shall be counted against the equipment

reliability:

n
r = E r 2,

i=l
(11)

where r2 is the number of failures for each of the n

equipments of one type under test.

2) Determine the total time (or distance) on test

for the equipment on test:

'r,n

n r
= E E

j=l i=l
t. .,
1, J

(12 )

where t i , j is the time (or distance) to each accountable

failure (ri) for each equipment (nj) of a type.

3) Calculate mean interval between failures (e)

e= 'r, n

r
= if>..

5.4.2 Analysis

When the failure rate for an equipment type under test

has been calculated, the test organization may then decide

upon the appropriate action to take at any given time.
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Regardless of the decision, there are a variety of

analytical techniques that may be used to assist in the

decision and analyses that follow. Some of these techniques

are discussed briefly below. Further detailed explanations

of these techniques may be found in the references or

numerous other documents of statistical analysis and

reliability evaluation.

•

•

Least squares: To examine data trends and

correlation, we may take data from a group of

vehicles on test (selected from the first

production lot) and data from a later group on

test (a later production lot) and determine if the

data has changed or remained the same. The

results may show that the failures are fewer due

to improved maintenance procedures or that design

changes have been incorporated. Also, the

application may well show how well the later data

relates to the first group of data (i.e., is there

any influence or are we really taking information

from the same kind of data base?).

Difference between two means: To examine how data

from two different groups correlate. Take data

from two different systems or vehicle groups.

Data may be extracted from different operational

periods or during the same operational period.

The application will ·determine if failures in one

group influence and relate to failures in the

other group. Is there a substantial difference in

the data groups? Is one system being maintained

in a different way from another system? Is this
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due to better P.M. and/or tools and test equipment

for one sy~tem versus the other system?

.•. Chi Square Test: To determine if the data follows

a normal or log normal distribution by test.

Electrical equipment failures and repairs usually

follow a log normal distribution while mechanical

equipment leans toward a normal distribution. By

examining the data we may determine how far and

biased the failures are with regard to their

distribution of the data being reported and point

out significant failure concentrations.

• Histograms: To plot the basic distribution of the

data. We can show the failure frequency with

regard to mileage/hours period interval and/or

total cumulative mileage/hours. This application

can also point to failure concentration where we

can answer when do most failures occur?

• Standard deviation: To show the variance, spread

in the data. We can show how much the data itself

varies from its own mean as a way of illustrating

consistency or lack of consistency in the failures

experienced by a system or vehicle. It can also

reflect the accuracy and quality of the data being

generated.

• Run test: To predict overall system/vehicle

expectation. Using system MTBF plotted over an

extended period of time, estimate the projected

trend such data will suggest for a future period.
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• System prediction: To evaluate redundant systems

taking into account the redundancy. Evaluate

system and vehicle MTBF to indicate its

performance and advantage due to its incorporated

redundancy. What benefit does redundancy

provide? Do we need more redundancy for better

performance or can we live with less?
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APPENDIX A

PERCENTAGE POINTS OF THE CHI-SQUARE DISTRIBUTION
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For large values of r,

x2a,2r may be approximated using the

CUMULATIVE NORMAL DISTRIBUTION FUNCTION

such that:

x2a 2r = (-J 2(2r)-1 -Za)2/2',

(...J 2(2r)-1 +Za)2/2

a > .5

a < .5

a.50 a.70,.30 a.75,.25 a .80,.20

Za 0.00 0.524 0.675 0.842

a.90,.10 a.95,.05 a.975,.025 a.99,.01 a.995,.005

Za 1.282 1.645 1.900 2.326 2.576

example: x2 . = h/239 - 1.645)2/2= 95.422.95,120

x2 = (-J239 + 1.645)2/2 = 146.284.05,120

(accuracy will improve with increasing r)
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APPENDIX B
REPORT OF NEW TECHNOLOGY

A significant amount of rail transit equipment reliability

data was collected which aided in the establishment of a national

transit reliability Data Bank. The Data Bank will promote the

amalgamation of current reliability efforts within the transit

industry; provide a focal point for a consolidated reliability

effort; and assist the transit industry in creating, developing,

and improving revenue service operations.
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