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PREFACE

This report describes the results of the Task C portion
of the contract to "Develop the Ground Work and Prepare the
Back-up Information Necessary for the Establishment of a
Bus-TRIP Data Bank", performed under contract number DTRS-
57-80-C-00007, issued on December 12, 1979 from the U.S.
Department of Transportation (DOT), Transportation Systems

Center (TSC).
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EXECUTIVE SUMMARY

This report describes the approach, conclusions, and
recommendations for the definition of the reliability data
bank required by the Bus Transit Reliability Information
Program (Bus TRIP). This effort comprises Task C of the
Bus TRIP contract. The areas addressed in this report are

briefly described below.

° Characterization of Input Data

Based on the information collected in Task A
concerning the various types of +transit Dbus
reference, operating, maintenance, and repair, the
requirements of the data bank were defined in order
to address:

- Data types and content,

- Data frequency and format, and

- Differences between Bus and Rapid Rail

Vehicle (RRV) input data.

] Definition of Output Requirements

Based on the Task A investigation of maintenance
reporting systems used at transit bus properties,
the output reporting requirements for the data bank

were defined for:

Xi



-~ Report form and content and

- Report frequency and distribution.

Bus TRIP Data Bank Configuration

Based on the definition of input data
characteristics and output reporting requirements,
and using information obtained in Task 2 - RRV TRIP
concerning the operation of the RRV TRIP data bank,
and the Bus Reliability Equipment List (BREL),
developed in Task B of this program, the general
configuration and operating requirements for the
full-scale Bus TRIP data bank were defined for:

~ Data submission,

- Data preparation and processing,

- Data verification,

- Data organization and storage,

- Data retrieval and analysis, and

- Data reporting.

Bus Experimental Data Bank (BEDB) Configuration

Based on the full-scale Bus TRIP data bank
configuration definition and the RRV TRIP
Experimental Data Bank (EDB) currently in

operation, the configuration and operating methods

xii



for the Bus TRIP Experimental Data Bank (BEDB) were
defined to test the final Bus TRIP Data Bank
Configuration for:

- Data submission,

-~ Hard-copy data preparation and entry,

- Computer-readable input data translation

and extraction,

- Data reformatting and cross-referencing,

- Data editing and error correction,

- Data storage,

- Equipment identification requirements,

- Data retrieval and analysis, and

- Data reporting.

Bus TRIP Data Bank Operation

Using the full-scale Bus TRIP data bank
configuration, characterization of input data, and
potential reporting requirements, the operating
requirements for the data bank were defined for:

- Projected data bank size,

- Projected operating cost factors,

Data bank staffing, and

Data bank sponsorship.
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° Data Bank Benefits

The anticipated benefits to be derived by Bus TRIP
users were defined based on programs that may be
supported by the Bus TRIP data bank, the proposed
data bank output reports, and the projected cost

factors for the full-scale data bank.

The conclusions from Task C can be summarized as follows.

® The major differences between RRV TRIP and Bus TRIP
are:
- The larger quantity of hard-copy input data for
Bus TRIP
- Different output reports (Bus TRIP consumable
reports, etc...)

- Vendor monitoring in Bus TRIP
° The large volume of hard-copy input data will
require a larger number of data technicians than is

needed in the RRV TRIP EDB.

) Vendor-specific reliability monitoring will add

significantly to the benefits of Bus TRIP.
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Differences in the nature of the input data and
output requirements will require modifications to
the RRV TRIP EDB software, as it exists, in order

to implement a Bus TRIP EDB.

The recommendations based on the above conclusions are

listed below.

A Bus TRIP EDB separate from the RRV TRIP EDB
should be implemented, due to differences in the

nature of the input data and output requirements.

While Bus TRIP will employ the same Generic Part
Number (GPN) approach used in RRV TRIP, the
specific make-up of the GPN will be changed to more

closely coincide with bus equipment.

Methods for logging input data as received should
be developed due to the large quantity of

anticipated hard-copy input data.

Engineering evaluation should be performed on the

data input to the data bank "along the way" from

input to storage to output.

XV - xvi



SECTION 1 - INTRODUCTION

1.1 - BACKGROUND

RRV TRIP is a government-initiated response to the
transit industry's need to collect and analyze rail transit
vehicle reliability information on a national basis. The
information to  be generated Dby RRV.TRIP would be
disseminated to transit properties, equipment suppliers, and
other prospective users to support, with "real-world"

reliability statistics, on-going industry efforts directed

toward:
° Reliability assessment,
° New equipment reliability specification,
? Product improvement,
@ Railcar equipment standardization, and
° Rail transit vehicle operating and maintenance cost

reduction.

The RRV TRIP contract was awarded to DRC in September 1978

by the DOT, TSC under contract DOT-TSC-1559.



In December 1979, DOT, TSC awarded another TRIP-related
contract to DRC to identify and analyze transit bus
reliability efforts. The goal of the Bus TRIP program is to
use the existing RRV TRIP structure and its Experimental
Data Bank (EDB) experience to develop the base that is
necessary before an overall TRIP can accommodate bus

utilization, consumption, maintenance, and repair data.

To achieve this goal, the Bus TRIP program was divided

into five tasks, as follows:

° Task A - Appraise and evaluate incident and
maintenance reporting systems used by bus transit

systems in the United States.

° Task B - Establish the Bus Reliability Equipment

List (BREL).

) Task C - Define the reliability data bank required

by Bus TRIP.

o Task D - Define guidelines for the implementation

and operation of Bus TRIP.

2 Task E - Participate in a Bus TRIP project review

and prepare the Bus TRIP final report.



Task C deals with the design of the Bus TRIP data bank
based on Tasks A and B of Bus TRIP as well as Task 2 of
(DOT,TSC 1559) RRV TRIP. Aspects of this task include
characterization of input data; definition of output
requirements; Bus TRIP data bank configuration; experimental
data bank configuration; data bank size, costs, and
staffing; and data bank benefits. The conclusions and
recommendations of Task C will be used to define the

guidelines for implementing and operating Bus TRIP (Task D).

Task C 1is divided into the following sections for

discussion in this report:

° Characterization of input data,
-] Definition of output requirements,
° Bus TRIP data bank configuration,

@ EDB configuration,

° Data Bank Operation,
° Data Bank Benefits,
° Conclusions, and

° Recommendations.



1.2 - INPUT TO TASK C

Input to Task C was from Task A, Task B, and RRV TRIP
Task 2 (TRIP Data Bank Scope and Definition, DRC Document
No. E-4894U). The input from each task is described in the

following subsections.

1.2.1 - Input from Task A

The information from Task A used for Task C was:

° Format, content, and estimated quantity of

utilization, consumption, maintenance, and repair

data for transit buses available from bus transit

properties for data bank input;

° Format, content, and availability of reference data
covering bus property, bus equipment
characteristics, and operating policies to Dbe

stored in the data bank; and,

° Examples of reliability information and reports
being generated by individual bus properties to be

used for Bus TRIP output definition.



1.2.2 - Input from Task B

The information from Task B used for Task C was:

based Generic Part Numbering (GPN) approach as the
basis for the organization of the data bank storage

approach;

° Bus equipment GPN as the basis for the development

of common formatting of data from several sources;

and,

° BREL operating procedures for adding, deleting, or

modifying equipment to be monitored as one facet of

Classification of bus equipment using a function-

data bank operation.

1.2.3 - Input from RRV TRIP Task 2

was:

The information from RRV TRIP Task 2 used for Task

9 RRV TRIP

e RRV TRIP

? RRV TRIP

° RRV TRIP

] RRV TRIP

input data definition,

outputs definition,

data bank design requirements,
EDB configuration,

data bank operation/benefits.



SECTION 2 - CHARACTERIZATION OF INPUT DATA

As in the definition of the RRV TRIP data bank, the
first major effort in defining the Bus TRIP data bank is to
characterize the available transit bus operating,
maintenance, and reference data which would be used as input
to Bus TRIP. The characteristics of this available data
including format, content, and commonality between

properties provide the major input to the development of:

© Bus TRIP data Dbank configuration and operating

requirements and .

L] Bus TRIP data Dbank output definition, including
determination of types, content, and frequency of

reports which could be produced.

Bus TRIP, similar to RRV TRIP, will use transit bus
operating and maintenance data as input. This data already
is being generated by the transit properties. Bus TRIP will
collect and accept transit property data as is, thus
imposing no additional requirements for generating data on
these data sources. Bus TRIP will produce outputs and

reports based on this predefined data.



Therefore, to characterize the available input data for

the Bus TRIP data bank, the following areas were addressed.

9 Characterization of Potential Input Data
- Static (reference) and dynamic data types (and
differences between Bus and RRV input data)
- Bus TRIP generic assignment data types

- Data formats, content, and frequency

o Data Verification Requirements

- Data accuracy

- Data wvalidation

] Sample Forms from Properties

2.1 - INPUT DATA CHARACTERISTICS

As in RRV TRIP, the three general types of data that

will be input to the Bus TRIP data bank include:

) Static (reference) data,
° Dynamic data, and
° Bus TRIP generic assignment data.



Static (reference) data is information that describes
the configuration, characteristics, and operation of a
transit system, vehicle type, or equipment on a vehicle
type. This reference data will be used in the evaluation of
the reports generated by Bus TRIP. Such information may be
used +to interpret differences in reliability-related
performance of bus models based on passenger load and/or
environmental conditions (such as climate, or terrain) and
to interpret differences in reliability indicators of bus
models based on the application of each model (such as
operation on routes with numerous stOops versus express

routes).

Dynamic data consists of information covering the
operations and maintenance (such as preventive and
unscheduled repair) of transit Dbuses. Dynamic data will
provide the |TDbasis for determining reliability-related
performance and maintenance requirements for transit
buses. Dynamic data types 1include bus utilization
information, bus consumables information (such as fuel, oil,
coolant, and tires), road call information, and Dbus

scheduled and unscheduled maintenance information.

Bus TRIP generic assignment data consists of data

required for the operation of Bus TRIP software. This data



includes fleet tables for each property, parts lists for
each property and each model, maintenance codes for each
property, and vendor codes for each property. This data
will allow Bus TRIP to assign Bus TRIP "generic" codes to
property-specific codes. For example, the repair code to
add antifreeze may be 03 in one property and 07 in another
property. With the use of the table of maintenance codes
for each property, Bus TRIP will record information to add
antifreeze in "generic" code 05 rather than the property-

specific codes.

The definitions of static and dynamic data
characteristics, which are further detailed in the following
subsections, cover the types and content of information that
will be received by the full-scale Bus TRIP data bank. The
Bus TRIP Experimental Data Bank (BEDB), however, will
accept, process, and store only a limited number of these
static and dynamic data types to restrict the guantity of
data handled during the development and refinement of the

Bus TRIP data bank.

2.1.1 - Static Data Characteristics

Static (reference) data will include information

describing transit properties, vehicle types, and classes of



equipment. The definition of static data elements for Bus

TRIP is based upon definitions developed for RRV TRIP, ‘and

is grouped as follows. (See Appendix A for specific
definition.)

° Transit System Configuration

2 Transit System Route Configuration

° Transit System Route Operating Information

° Vehicle Fleet Information

o Vehicle Specification Information
° Vehicle Configuration Information
) Hardware Specification Information

The major differences between Bus TRIP and RRV TRIP

static data are listed below.

® Transit System Configuration
Bus systems do not have power substations or track.
This makes it unnecessary to specify wayside power
voltage, substation number and spacing, and track

gauge, construction, grades, and r-o-w locations.

] Transit System Route Configuration
Bus systems do not have track, therefore, it is
unnecessary to define the track profile and

turnouts.
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Transit System Route Operating Information
Buses are not operated in trains, therefore, it is

impossible to specify train-consist data.

Vehicle Fleet Information
Buses are not operated in trains, therefore, it is

unnecessary to specify vehicle subtypes.

Vehicle Configuration Information
Buses are composed of different functional systems

and assemblies.

Hardware Specification Information
Buses have different components, therefore this
reference data will be completely different from

that specified for RRV TRIP.

Transit System Configuration Static Data (Figure A-1)

provides

summary reference information <concerning the

physical characteristics of an entire bus property. These

characteristics include total route miles, average passenger

stop spacing and number, passenger volume, total number of

and street types (collector, arterial, and freeway).
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Transit System Route Configuration Static Data (Figure

A-2) provides reference information concerning the specific
route on a bus property over which a specific vehicle type
may be operated. This information includes route miles,
passenger stop spacing and number, and grades (maximum
uphill and downhill). Such data will éermit the comparison
of the physical demands made on vehicles operating on

different routes.

Transit System Route Operating Static Data (Figure A-3)

provides reference information concerning the scheduled
operation of vehicles on a specific route. This data
includes operating speed data, headways, passenger stop
dwell times, passenger load information, and the number of

scheduled runs per day.

Vehicle Fleet Information Static Data (Figure A-4)

provides reference information concerning the general
characteristics of a bus model. This data includes the
quantity of buses of that model, the bus manufacturer and

year delivered, and the frequency of scheduled maintenance.

Vehicle Specification Information Static Data (Figure

A-5) provides reference information concerning the physical

characteristics and performance specification of a bus

12



model. This data includes performance information such as

speed, acceleration, deceleration, and turning radius.

Vehicle Configuration Information Static Data (Figure

A-6) provides reference information concerning the physical
characteristics, types, capacities and ratings, and
manufacturers of the major functional systems and major
assemblies for each bus model. This information may be used
to relate a specific type of hardware on a bus with respect
to the reliability indicators for this equipment class for

various bus models.

Hardware Specification Information Static Data (Figure

A-7) provides detailed information, on a component-by-
component basis, of the physical characteristics and
intended application of this hardware. This data includes
the gquantity and +type of <component by bus model,
manufacturer code, and part number, and component physical
characteristics and capacities/ratings. With the aid of
this data, reliability-~-related information could Dbe
interpreted for specific classes of equipment based on the
configuration and design ratings of specific equipment

types.

13



Vehicle and hardware static data on those vehicles
being monitored by Bus TRIP will be obtained from vehicle
parts books and maintenance manuals, as well as from vehicle
specification documentation. As new vehicles and components
are added to the Bus TRIP data bank, static data for this
equipment will be collected and entered into the reference

portion of the Bus TRIP data bank.

2.1.2 - Dynamic Data Characteristics

Dynamic data consisting of bus operating and

maintenance information will be the basis for reliability-

related analysis and associated reports output by the Bus

TRIP data bank. Dynamic data is generated by a property
during the bus revenue service, inspection, scheduled
maintenance, and repair. This data will be collected,

typically, on a monthly basis for input to Bus TRIP. Such

data may be supplied in the following forms.

L] Computer-readable formats from automated data
collection systems:
- Tape,
- Disk, and

- Punched cards.

14



o Hard-copy forms from manual data collection

systems.

The dynamic data types that have been developed for
Bus TRIP parallel those developed for RRV TRIP as follows.

(The data elements are described in Appendix B.)

° Vehicle Utilization Information
° Vehicle Consumption Information

° Vehicle Road Call/Incident Information

e Vehicle Scheduled Maintenance Information
e Vehicle Repair Information
° Vehicle Component Repair Information

The major difference between Bus TRIP and RRV TRIP
dynamic data types is the monitoring of consumables for
buses: fuel, oil, coolant, and tires. Consumables can act
as an indicator of engine and other hardware problems. For
example, if a bus requires more than one gallon of coolant,
there may be a cooling system problem. If a bus is
consuming more fuel than usual, it may indicate an engine

problem.

Other differences between Bus TRIP and RRV TRIP dynamic

data include the addition of road call information for Bus

15



TRIP, as well as the addition of wvendor information in the

road call, scheduled maintenance, and repair dynamic data.

Vehicle Fleet Utilization Dynamic Data (Figure B-1 in

Appendix B) provides information, on a periodic Dbasis,
concerning the number of miles and/or operating hours
accumulated by individual buses in a fleet. This data is
necessary for the calculation of maintenance and replacement
rates such as Mean Miles Between Maintenance Actions and
Mean Miles Between Replacements with respect *to revenue

service operation.

Vehicle Fleet Consumption Dynamic Data (Figure B-2)

provides information on a periodic basis concerning the
consumption of such items as fuel, oil, coolant, or tires.
This data will be used to calculate miles per gallon of
fuel, miles per quart of oil, and miles per gallon of
coolant. These "economy" figures, along with the direct
measures of consumables used, may be important factors for

the indication of potential equipment problems.

Vehicle Road Call/Incident Dynamic Data (Figure B-3)

provides information concerning reported equipment problems
encountered during revenue service. This information may be

used to compare suspected problems with actual repairs.
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Vehicle Scheduled Maintenance Dynamic Data (Figure B-4)

provides information concerning the periodic inspection and
repair of buses. This data includes the inspection type;
expendable components and supplies replaced (along with the
vendor); and minor repair, including the replacement of
components. From this data, equipment reliability with
respect to scheduled maintenance frequency (mean miles
between inspections) can be determined. By recording the
vendor of the replacement parts, the reliability of parts

from specific vendors can be monitored.

Vehicle Repair Dynamic Data (Figure B-5) provides the
primary source of data-for the Bus TRIP Data Bank. This
data includes part replacement data, failure/defect
description, and maintenance/repair action or no-trouble-
found. From this data, unscheduled maintenance rates,
equipment replacement rates, repair rates with no components
replaced, and no-trouble-found rates can Dbe 'calculated.
These rates will be primary input for the reliability-
related analysis and subsequent output from Bus TRIP.
Again, monitoring replacement parts by vendor will aid in
the determination of maintenance activity for parts from

specific vendors.

17



Vehicle Component Repair Dynamic Data (Figure B-6)

provides information concerning the repair of equipment that
has been removed from a Dus. This data includes the
component or major assembly Dbeing repaired, the type of
repair, and the component replaced during the repair. The
equipment repaired should be linked to a specific bus, so
there will be a complete view of the hardware failure mode
and subsequent repair. If the equipment repaired is not
linked to a specific bus, this repair data will still be
stored in the Bus TRIP Data Bank to account for off-vehicle
equipmeht repair, on an independent basis and the resources
used to make the repair. For example, if an engine is
removed from a bus and sent to an outside firm for repair,

the details of that repair would be stored in the data bank.

An example of dynamic data (see reference 7) being
collected by RRV TRIP is shown in Figure 2.1 through 2.4.
Currently, there are four types of dynamic data records
collected from each property for the RRV TRIP EDB. The four

record types are:

° Utilization (mileage data)

? Scheduled Maintenance (inspection data)
o Repair (Unscheduled Maintenance data)
® Repair - Serial Numbers

18



RECORD NAME:

TYPE — FORM - SEQ.

UTILIZATION 02 - A - 01
DATA
NAME DATA DESCRIPTION “ALL"
RECORD SEQUENCE X
GENERIC PART NUMBER X
GENERIC SERIAL NUMBER X
" = {(Property; Veh. Ser,; Car No.)
0¥ DATE (DDMMYY) X1
<o | SUBDATE X 2
< g FORM CODE X
=0
<w
o
PERFR Period Reported From Date
PERTO Period Reported To Date
MIPER Mileage, Period 3
UMICM Mileage, Cumulative X
OHPER Operating Hours, Period.
UOHCM Operating Hours, Cumulative
NOTES
1. The KEY DATE is the date on which the cumulative mileage was recorded {see note 3).
2. Normally equals “0" (zero). A non-zero value indicates that an additional record(s) having
different data, was entered with the same key.
3. Since the “Period” differs at each property, “‘cumulative” mileage was selected as the

utilization indicator and is the basis for all reliability information derived by the TRIP
EDB. This field is, therefore, blank in the EDB.

Figure 2.1 — RRV Utilization Record Description
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RECORD NAME: TYRE — FORM — SEQ.

SCHEDULED MAINTENANCE 03 — C - 01

DATA ~

NAME DATA DESXRIPTION “ALL’
RECORD SEQUENCE X
GENERIC PART NUMBER X

> GENERIC SERIAL NUMBER X

7 § (Property; Veh. Ser.; Car No.)

< A DATE (DDMMYY) 1

o)

« SUBDATE 2

=8 FORM CODE

< w

o«

MMICM Cumulative Miles

MOHCM Operating Hours

MRPNQ] Report Number

INDTE Inspection Date X

INTME Inspection Time

MNLOC Maintenance Shop

INTYP Inspection Type

MPRNO Part Number

REPNM Part Name

MGDCO Generic Defect Code

MGRD( Generic Repair Code

RELOC Car Location

MFDCDO Failure/Defect Code

MRPCD|  Maintenance Repair Code

MQTYHR Quantity

METME Elapsed Time

MLAHR Labor Hours
NOTE:

1. Same as INDTE - ie: The date on which the inspection was performed.

2. Normally equal “0"” (zero). A non-zero value indicates that an additional record(s)
having different data, was entered with the same key.

Figure 2.2 — RRV Scheduled Maintenance Record Description
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RECORD NAME: TYPE ~ FORM — SEQ.

REPAIR 04 - D - 01
DATA
NAME DATA DESCRIPTION “ALLT
RECORD SEQUENCE X
GENERIC PART NUMBER
GENERIC SERIAL NUMBER X
" > (Property; Veh. Ser.; Car No.)
n Y DATE (DDMMYY)
o SUBDATE 1
< g FORM CODE 2
=0
< w
oo
RMICM Cumulative Mileage
ROHCM Cumulative Hours
RRPNO Report Number
MNDTEH Maintenance Date X
RMNLG Maintenance Location
HRDCD Hardware - 1D
PRTNO Part Number X
PRTNM Part Name
PRTLC Location on Car
RGSCD Generic Symptom Code
RGDCD Generic Defect Code
RGSCD Generic Repair Code - X
RGDC Generic Test Code
SYMC Symptom Code
RFDCD Failure Code
NTFCD Apparent Failure
RMRC CRT — ACT (Repair Code) X
NORC Delay Code
INSCD Test Code
RQTYR Quanity
RETME Elapsed Time
RLAHR Labor Hours
NOTE:
1. Same as MNDTE - ie: The date on which the maintenance was performed.
2. Normally equals “0" (zero). A non-zero value indicates that an additional record(s)

having different data, was entered with the same key.

Figure 2.3 — RRV Repair Record Description
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RECORD NAME: TYPE - FORM — SEQ.

REPAIR—SERIAL NUMBERS
04— D - 02

DATA J

NAME DATA DESCRIPTION “ALL"
RECORD SEQUENCE X
GENERIC PART NUMBER X
GENERIC SERIAL NUMBER X

(Property; Veh. Ser.; Car No.)

DATE (DDMMYY) X
SUBDATE X1
FORM CODE X

SNREM Serial Number OFF

SNINS Serial Number ON

REPPC Replacement Part Condition

NOTE:

Normally equals ‘0" (zero). A non-zero value indicates that an additional record(s)
having different data, was entered with the same key .

Figure 2.4 — RRV Repair — Serial Numbers Record Description
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There are two major divisions in each type of record in
the EDB. The first is the Data Base Record Key. The
information contained in the ey serves primarily as a
"label" for the record and defines the data base "address”
where the record is stored or filed. The elements of the
key can thus be used singly or collectively as selection
criteria for extracting groups of or individual records from
the data base. The Record Sequence and Form Code are fixed
and identify the "“type" of the record to the software so
that the record can be processed. The Generic Part Number,
Generic Serial Number (both described in Section 4.2), Date
and Subdate are all derived from the data provided by the

transit property.

The other major division of the record contains the
individual fields onto which the data is stored. Each field
is identified by a Data Name and stores the information

identified by the Data Description.

Property-supplied data is identified by an X in the
appropriate property column. An X in the "ALL" column
indicates that all five RRV TRIP EDB properties (BART, CTA,

NYCTA, PATCO, and WMATA) provide data for the field.
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2.1.3 - Bus TRIP Generic Assignment Data Characteristics

Bus TRIP generic assignment data consists of
information necessary for the uniform identification of bus
equipment and maintenance actions. This data is divided
into four types, similar to the RRV TRIP: fleet file,
generic parts file, generic maintenance codes file, and

generic vendor codes file.

The fleet file assigns a bus (model) series code to a

given property code and bus number combination. Each record
is composed of a property code and bus number from which
Bus TRIP assigns a bus (model) series code. This bus series
code enables buses to be grouped by bus models both within

and across properties.

The generic parts file defines the correspondence

between property-specific component numbers and Bus TRIP
generic part numbers. Each record in this file is composed
of a property code, a bus series code, and a property-
specific component number. With these three pieces of
information, Bus TRIP assigns a gdeneric part number,
enabling the translation of different property component

codes to uniform Bus TRIP generic codes.

2
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The generic maintenance codes file assigns a generic

code to a property-specific maintenance code, covering four
types of codes: defect, repair, symptom, and test. Each
record in this file is composed of a property code, a code
type indicator, and a property-specific code. With these
three pieces of information, Bus TRIP assigns a generic
maintenance code, enabling vehicle maintenance actions to be

grouped both within and across properties.

The generic vendor codes file, which does not exist in

RRV TRIP, assigns a generic vendor code to a property-
specific vendor code. Each record in this file is composed
of a property code and a property-specific vendor code.
From these two codes, Bus TRIP assigns a generic vendor
code, enabling the translation of different property vendor
codes to uniform Bus TRIP generic codes. This file will be
implemented by including vendor information in the
consumption, road call, scheduled maintenance, and repair
dynamic data (ex. report vendor ID along with a part

repair/replacement).

2.2 - SAMPLE FORMS FOR INPUT TO BUS TRIP

There is a wide variety of forms on which the input

data will be received from properties. The figures 1in
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Appendix C are examples of hard-copy reference and dyanmic

data that would be used for input to a Bus TRIP data bank.

For example, reference data on vehicle specification
might be submitted to Bus TRIP in a form similar to Figure
c-1. This form contains the information needed to compose
the vehicle specification information (see Figure A-5) such
as fleet (series) ID, manufacturer, number of buses in the
series, dimensions, turning radius, etc. Such a form might
also supply reference information on vehicle configuration
(see Figure A-6) in the area of system manufacturer, type
and capacity (ex. engine system: manufacturer - GM; type -
8V-71N; displacement - 567 cu. in.). Figure C-2 is another
example of the forms in which vehicle reference information

may be submitted.

Dynamic utilization (mileage) data may be supplied in a
form similar to Figure C-3a, b, or in conjunction with
dynamic consumption data, as shown in Figure C-4.
Utilization and consumption data refer to mileage, fuel
used, and oil used, recorded on a regular (usually daily)

basis for each bus.

Dynamic road call/incident information may be submitted

to Bus TRIP as shown in Figure C-5 or C-6. The information
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collected on road calls/incidents will be used to correlate

repair rates with road call rates.

Dynamic repair information may be submitted to Bus-TRIP
as shown in Figure C-7 or C-8. Figure C-7 represents repair
information, i.e. mileage, repair date, parts replaced, etc.
as well as labor information concerning labor hours spent on
effecting the repair. Figure C-8 represents a repair form
that could be used by a property with an automated
maintenance information system. The repair is codified and
circled by the mechanic. However, with this type of form,
other information such as mileage, parts replaced and labor

data would have to be supplied on separate form.
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SECTION 3 - DEFINITION OF OUTPUT REQUIREMENTS

The primary objective of the Bus TRIP data bank is to
provide information on the reliability and utilization of
transit buses operated in the United States. This objective
will be achieved through the production and distribution of
reports that present the operation analysis results and
maintenance data that has been collected and stored in the
data bank. The reports will present reference information
on properties and vehicles as well as dynamic information
describing utilization, consumption, inspections, road

calls, and repairs.

Several bus properties investigated during Task A
generate dynamic data, describing failure analysis,
symptom/repair correlation, fuel economy, and parts consumed
versus repairs effected (in addition to standard utilization
and repair records). Based on this type of data generated
by the properties, the reports produced by Bus TRIP will
include component and vehicle reliability reports and vendor
reliability, as well as periodic consumption (fuel and oil)

utilization, inspection, road call, and repair reports.
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Proposed report types that will be produced by Bus TRIP

include the following.

e Monthly Reports, covering:
- Utilization by bus, fleet, and property:;
- Inspections and road calls by bus, fleet,
property, and system;
- Consumption by bus, fleet, and property:; and,
- Repair by bus, fleet, property, industry, and

system.

® Quarterly Repérts, covering:

- Reliability/maintainability by bus and system.

© Annual Reports covering:

- Utilization by bus, fleet, property, and
industry:;

- Inspections and road calls by bus, fleet,
property, industry, and system;

~ Consumption by Dbus, fleet, property, and
industry:; and,

- Repair by bus, fleet, property, industry, and

system.
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® Reference Information Reports, covering:

- Bus properties system configuration, route
configuration, and route operating
information:

- Vehicle types (bus models); and,

- Equipment on each vehicle type.

® Special Reports, covering:
- Vendor reliability by component and vendor:
~ Reliability/maintainability trends by
component ;
- Equipment modification/retrofit; and,
- Miscellaneous (covering analysis not reported

routinely).

Examples of the proposed reports are given in Appendix
D. These preliminary formats represent proposed outputs
generated by the full-scale Bus TRIP data bank based on
reference and dynamic input data described in Section 2 and
Appendixes A and B that may be submitted to Bus TRIP. These
report formats and contents will be modified, based on
feedback from Bus TRIP participants. In addition, based on
participant feedback, reports may be added or eliminated and

their frequency may be changed.
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3.1 - ROUTINE REPORTS

3.1.1 - Monthly Routine Reports

Proposed report types to be produced most frequently
(monthly) will present summary information covering
utilization, consumption, inspections and road calls, and
repairs. Each report will cover the summary information by
individual bus, fleet, property, and, where appropriate,

system or component.

The proposed monthly reports to be produced by the Bus

TRIP data bank are described as follows.

Monthly Utilization Report (Figures D-1 through D-3 in

Appendix D) will present the cumulative number of miles
operated, for the period reported and the preceding period
for each bus (Figure C-1), each fleet (Figure C-2), and each
property (Figure C-3). This mileage data will be used to

determine inspection, road call, repair, and failure rates.

Monthly Consumption Report (Figures D-4 through D-6)

will present fuel, oil, coolant, and tires consumption by
volume and rate. This consumption data will be presented by

bus (Figure C-4), bv fleet (Figure C-5), and by property
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(Figure C-6). I+t will be used to highlight potential
maintenance problems, as well as to predict future fuel and

0il consumption.

Monthly Inspection and Road Call Report (Figures D=7

through D-10) will present the number of inspections, miles
per inspection, number of road calls, and miles per road
call. The number of inspections will be separated by
inspection type. The number of road calls will be separated
by systems and number of road calls that caused a vehicle to
be out-of-service. This report will identify systems that
are generating the greatest number of road calls. The data
will be presented by bus (Figure D-7), by fleet (Figure D-

8), by property (Figure D-9), and by system (Figure D-10).

Monthly Repair Report (Figure D-11 through D-14) will

present the number of repairs, number of preventive
maintenance repairs, miles per nonpreventive maintenance
repairs, number of part replacements, and miles per
replacement. This data will be presented by bus (Figure D-
11), by fleet (Figure D-12), by property (Figure D-13), and
by system (Figure D-14). The report will be used to
determine changes in repair and replacement rates, as well

as to forecast future parts inventory and repair rates.



3.1.2 - Quarterly Routine Reports

Proposed report types to be produced quarterly will
present summary information covering maintenance actions
information by system (Figure D-15) and bus (Figure D-16).
These reports will present the number of maintenance actions
in the reporting period, mean miles between maintenance
actions, maintenance actions/mile and repair times. This
information will show reliability indicators for a

component/system in revenue service.

3.1.3 - Annual Routine Reports

The annual reports cover the same information presented
in the monthly routine reports, but in a graphical manner.
These reports present both summary information monthly and

for the entire year.

3.2 - REFERENCE INFORMATION REPORTS

To aid in the evaluation and comparison of information
that will be presented in the routine monthly, quarterly,
and annual reports produced by Bus TRIP, reference
information reports will also be produced, presenting the

static data stored in the data Dbank. These reports will



present data concerning the configuration characteristics
and operating policies of transit systems and routes, and
vehicle descriptions and equipment on vehicles. Reference
information reports will be used for the comparison of
operating requirements and conditions. They will permit the
comparison of the configuration and physical characteristics
of specific vehicle and equipment types as they relate to

repair rates.

These reports will be produced in total on a one-time
basis, since the static data may be collected only once. If
updates of the static data are submitted, a reference
information report will be produced to reflect the updated
information. Additional reports will also be issued when a

new property is added to Bus TRIP.

There are several types of reference reports that could

be produced. Three of those are described below.

Transit Property Reference Report (Figure D-17)

presents information covering system and route configuration
and operating characteristics. The proposed content of this
report includes total route miles, total fleet, average
passenger stop spacing, and operating characteristics

including average speed throughout system, trip time, and
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passenger utilization. This report will provide summary
information that will be used for the comparison of property
configuration and will allow comparison of operating demands

placed on each vehicle type.

Fleet Reference Report (Figure D-18) presents

information concerning the physical and operating
characteristic by fleet type. The proposed content of this
report includes dimensions and weights; speed, acceleration,
and deceleration performance; and, quantity and age of buses
by fleet. Information presented in this report will be used
to compare vehicle fleets based on their physical and
performance characteristics as indicators of operating

stress placed on these fleets.

Equipment Reference Report (Figure D-19) will Dbe

produced for each ‘"generic" component, major assembly,
subsystem, and functional system monitored by the Bus TRIP
data bank. This report will describe, by vehicle type on
which this equipment is used, information which includes the
"generic" configuration of which this equipment is a part,
quantity of units and manufacturer part number, physical
characteristics, performance ratings, and current cost per
unit. Information presented in this report will be used to

compare and evaluate the routine reports for equipment

35



repairs, including physical characteristics as an indicator
of reliability-related repair factors: manufacturer's
identification information to identify reliability factors
with respect to use of identical equipment in different
applications (that is, on different vehicle types); and, the
relative impact of replacement rates for this equipment

based on unit cost.
3.3 - SPECIAL REQUEST REPORTS

In addition to routine and reference information
reports, the Bus TRIP data bank will provide a limited
number of special reports based on requests for information
by Bus TRIP users. These special reports will utilize the
full range of static and dynamic data stored in the Data
Bank and may present information based on the following

procedures for production of these reports:

° Retrieval of data stored in data bank, but not
routinely reported (such as equipment

modification/retrofit);

° Simultaneous retrieval of both static and dynamic
data for presentation in a single report for

purposes of comparison and analysis (such as



equipment unscheduled maintenance repair rates

versus physical characteristics): and,

e Presentation of routine report information in a
different format or covering a different time

period.

Also, a property may submit data only for their special
request. For example, if a bus property decides to test a
different brand oil filter for one month, they may request a
special report to be produced, based on detailed data

collected during that test period.

Examples of potential special reports are shown in

Appendix D. These outputs are described as follows.

Vendor Maintenance Actions Special Report (Figures D-20

and D-21) presents, by component (Figure D-20) and vendor
(Figure D-21), reliability factors including mileage, number
of maintenance actions, maintenance actions per miles, and
mean miles between maintenance action. This data will be
used to determine vendor performance and thus, vendor
selection and quality. This data also may aid in

forecasting inventory levels for specific components.
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Maintenance Actions Trends Special Report (Figure D-22)

presents, by component, reliability-related rates over a
period of years for a component on a specific fleet and
property. These trends will indicate a component's
reliability over an extended period of time and will aid in

the forecast of replacement rates and inventory levels.

Equipment Modification/Retrofit Special Report (Figure

D-23) presents, in narrative form, a description of
equipment modifications/retrofits on specific fleets or
individual buses. Bus TRIP users could use this report to
suggest equipment improvements to similar equipment <that
they operate. This report will be produced manually on the

basis of narrative information supplied by the properties.

A number of different special report types may be
produced from the static and dynamic data stored in the Bus
TRIP data Dbank. The consideration that will be evaluated
with respect to these reports is the cost associated with
their production. Each special report, depending on its
complexity, will require labor for the set-up of the data
retrieval, analysis, and output format of the information

and computer resources for the production of the report.
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SECTION 4 - BUS TRIP DATA BANK CONFIGURATION

A major design requirement for the development of the
RRV TRIP data bank configuration was ease of modification to
accommodate data for other vehicle types, such as transit
buses. That capability was the basis for the Bus TRIP
program and, specifically, Task C: defining the
modifications that would be necessary in the RRV TRIP data
bank to accommodate buses. It was found that significant
modifications to the existing RRV TRIP data bank will be

necessary to provide this capability.
4.1 - DATA BANK OBJECTIVES AND FUNCTIONAL REQUIREMENTS

The objectives of the Bus TRIP data bank are
essentially the same as those defined for RRV TRIP, as
summarized below.

@ Consolidate transit industry reliability efforts.

[~ Provide reliability information in a transit

industry context.
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° Provide maximum information output while minimizing

burden on properties.

L] Provide a comprehensive data source for:
- Equipment reliability comparison,
- New equipment specifications and procurement,
- Product improvement programs, and

- System analysis efforts.

To meet these objectives, the Bus TRIP data bank will
include the following functional requirements (categorized

in Figure 4.1).

@ Data Submission
~ Bus property/data bank interface

- Data logistics (receiving and shipping)

2 Data Preparation and Processing
- Hard-copy data entry
- Magnetic tape data extraction
- Standard data formatting
- Data cross-referencing
- Data editing

- Error correction
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] Data Organization and Storage
- Data Base Update
- Data Editing

- Error Correction

® Data Retrieval and Analysis
- Data Base Access
- Routine Data Retrieval

- Routine Data Analysis and report production

- "Special request" data analysis and report
production
° Data Reporting

- Detailed tabular reports Dby system, property,
and industry

- Summary graphical and statistical reports

- Routine reporting at periodic intervals

- "gpecial requests", as required
To satisfy these functional requirements, the Bus TRIP

data bank design, similar to RRV TRIP data bank, will

include the following major functional modules.
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Input Data Processing, including:

The translation of data from its as-received
format into the data bank input format,

The assignment of data Dbank record label
elements to input data groups, and

Generation of a historical record of all data

received.

Data Verification, including:

Data accuracy following input data preparation
and

Validity of data elements, both individually and
in combination, with respect to pre-defined

ranges of values.

Data Storage, including:

Storing all input data by an organizational
method permitting efficient retrieval and
Providing for the expansion of the volume of

data to be stored.

Output Generation, including:

The production of routine periodic reports and
The capability to produce special request

reports.
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4.2 - INPUT DATA PROCESSING

Data collected for input to the Bus TRIP data bank will
be received in a variety of forms and on different types of
media. The Bus TRIP staff should be able to prepare data
received in any form for input to the data bank.
Information received as hard-cbpy records will be converted
to a computer—-readable format by Bus TRIP software that
accepts hard-copy data entered on-line. Data received in
computer-readable form will be converted to a computer-
readable format compatible with the Bus TRIP computer

system.

A specific requirement of the Bus TRIP data bank is the
ability to accept dynamic data (utilization, consumption,
inspection, road call, and repair information) from each of
the bus properties supplying data to the Bus TRIP data
bank. Each property will provide data in its own format to

minimize the effort required to participate in Bus TRIP.

Following the conversion of data supplied for Bus TRIP
input, the "record l1abel" elements will be assigned. These
record labels will establish a uniform system of component
identification that will be the basis for storing

information on these components in a common data base. RRV
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Input data which falls within these ranges will be accepted
for data bank storage. Data which is not accepted will be
returned for further action by Bus TRIP personnel. Bus TRIP
personnel and participating properties jointly will define

the ranges.

Use of ranges of input data will permit the efficient
handling of information which changes very 1little over
time. Data rejected after the initial screening and found,
after examination, to be correct, will be input directly

into the data bank.

Accuracy verification will ensure that the data has
been translated correctly during input processing.
Verification will be particularly important for data
elements used to assign record labels. Accuracy
verification will involve the comparison of data ready for
data bank input with the same data as it was received from

each property.

4.4 - DATA STORAGE

A very important requirement defined during the RRV
TRIP data bank development was the organizational scheme for

the data contained in the data bank. Through its experience



and success in the RRV TRIP program, this organizational
method will be used, with minor modifications, in Bus

TRIP. The organization of the data bank will largely effect
the operation of the Bus TRIP system, including efficiency
of adding and updating information contained in the data
bank; expediency of producing routine reports; flexibility
of data retrieval to provide special analysis and reports;

and, cost of operation.

The requirements for Bus TRIP data bank storage are to:

e Store a large quantity of data in chronological

order identified by GPN and GSN:

] Store reference data with recurring dynamic data by

using the GPN/GSN approach;

] Maintain back-up storage for data in the data bank;
and,
] Develop a data base structure that supports

flexible and rapid data retrieval, avoiding the
dupliction of data to support differing output

requirements.
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The

data bank storage concept developed for RRV TRIP

will be utilized in Bus TRIP, providing flexibility of data

retrieval

and efficient wuse of storage space. This

"integrated data base" approach includes:

o Storage of all data in one central location,
permitting efficient access to any data element or
group of elements;

@ Entry and storage of each unique data element only
once to minimize storage space and entry time; and,

° Organization of all data tapes based on the logical
relation of the record labels to maximize retrieval
efficiency.

The use of an integrated data base organizational

approach for the RRV TRIP Data Bank utilizes the GPN scheme
as the primary record label for data identification. Bus

TRIP will utilize the same GPN concept, providing efficient

data storage based on a single data bank entry of each new

data element. This will minimize data storage space.

Retrievals and reports could be generated readily based on

the organization of the sorted data by GPN, GSN, and date

associated with the data.
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4.5 - DATA RETRIEVAL AND ANALYSIS

The usefulness of the Bus TRIP data bank will depend,
in part, on the promptness and flexibility with which the
sorted data can be retrieved. Another very important factor

will be the analysis techniques available to study the data.

The use of GPN and GSN as record labels will permit
rapid retrieval of data that will be used for the generation
of routine and special-request reports. Therefore, the data

bank must have the following capabilities:

° Simultaneous retrieval of both static and dynamic
data,

° Retrieval of data for special requests,

o Verification of retrieved data prior to report

generation, and
° Restoration of older data stored off-line for

special requests.

The techniques that will be available to analyze the

data will be diverse due to the wide variation in data

types. The following types of analysis could be used.

50



Standard Statistical Techniques
- Mean

- Standard deviation

- Least squares

- Variance

- Correlation

- Curve-fitting

Reliability/Maintainability Analysis

-~ Failure rates

~ Pailure analysis

- Mean time between failure

- Operational availability

- Mean time between maintenance actions

- Trends analysis

Vendor Monitoring Analysis

- Component reliability

- PFailure rates/vendor comparisons
- Parts availability

- Performance analysis
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4.6 - DATA REPORTING

Reports to be generated by Bus TRIP will be of both
routine and special-request types. The functional

considerations for Bus TRIP output reporting include the

following.
9 Routine Reports at Regular Intervals
-~ Tabular and graphical summaries of data:
system, property, and industry
- Arithmetic computations: sums, averages, and
percentages
- Statistical calculations: mean, standard
deviation, and curve-fitting
~ Plotting: trend graphs, bar charts, histograms
° Special Requests

-~ Component/vendor performance
- Trends analysis
- Prototype performance analysis

- Equipment improvements/retrofits

To satisfy these considerations, Bus TRIP must be
capable of rapid data retrieval as well as efficient and

accurate analyses. Once routine output report formats are
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finalized, programs to generate the reports will Dbe
standardized and executed at regular intervals. Special

reports will be generated upon request.
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SECTION 5 - BUS TRIP EXPERIMENTAL DATA BANK (BEDB)

5.1 - BUS TRIP EXPERIMENTAL DATA BANK (BEDB) CONFIGURATION

OVERVIEW

The same approach used for the RRV TRIP implementation
and operation of a Bus TRIP Experimental Data Bank will be
used to develop, refine, and evaluate the operation, uses,
benefits, and costs of such a system prior to the

establishment of a full-scale data bank.

It is recommended that a BEDB should be implemented
separate from the existing RRV TRIP data bank. It would not
be advantageous to expand the existing RRV TRIP data bank to
include buses due to the major equipment differences, as
well as the different storage and reporting requirements.
The development and implementation of a separate BEDB would
permit on-going refinements without any impact on RRV TRIP

operations and storage.

The BEDB will provide a means to evaluate and refine
operational requirements and procedures, and to resolve
unexpected situations that may Dbe involved in the
implementation of a full-scale Bus TRIP system. The

following items describe the use of the BEDB:
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] Aid in the refinement of data input requirements by
collecting and processing sample field operating

and maintenance data;

2 Aid in the definition of the full-scale operating
requirements by evaluating data storage and

retrieval methods:

° Aid in the refinement of output requirements by
generating reports that will be distributed to Busg

TRIP participants for review and comment;

] Provide sample output reports which can be used by

Bus TRIP participants for review and comment:; and,

] Provide sample output reports which can be used by
Bus I'RIP participants to evaluate transit Dbus

utilization, consumption, and reliability.

In order to evaluate and refine the design and
operations of the full-scale Bus TRIP data bank, the BEDB
must meet certain functional and operational requirements as

follows.
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Accept transit ©bus operating, maintenance, and
reference data in any form or format (hard-copy or

computer-readable).

Verify the data input by checking the accuracy and

validity of the data.

Provide data organization and storage for
approximately 5000 buses, including standard data
formatting, data cross-referencing, data editing,
and demonstrating the ability to store estimated

volume of data.

Produce routine reports, reference information
reports, and special request reports to provide the
means for evaluating and refining the output
formats and their content, and to provide industry
reliability data for the ©participating |Tus
properties, the federal government, bus

manufacturers, and other users.

Provide the <capability of operating strictly
according to the procedures and requirements
defined for the full-scale Bus TRIP system in order
to evaluate the proposed configuration

realistically.

56



Based on the functional and operational requirements of
the full-scale Bus TRIP data bank, as well as the RRV TRIP
configuration, the BEDB configuration, shown in Figure 5.1,
has been developed. In the development of the RRV TRIP EDB,
it was proposed that DRC's Technical Integrated Data System
(TIDS) be utilized as the EDB's major element. TIDS was
augmented with input and output modules specifically

tailored to RRV TRIP requirements.

Any data base management system (e.g. TIDS),
specifically designed for configuration monitoring could
have been used to handle input, storage and output of RRV
TRIP data. However, the concept of using TIDS for the RRV
TRIP EDB was based on its in-place capabilities, and the
expectation of expending a minimum amount of effort and
money on developing a data base management system to handle
the input, storage, and output of RRV TRIP data. By using
TIDS, effort could be expended in the development of RRV
TRIP rather than in the development of a data Dbase
management system, which 1is a very lengthy and costly
undertaking. By experience in operating the RRV TRIP EDB,
TIDS has proven to be very capable of handling RRV TRIP
input, storage, and output. Thus, the use of TIDS for the

BEDB has been proposed by DRC.
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5.1.1 - TIDS Overview

DRC has developed and is operating its Technical
Integrated Data System (TIDS) under contract to the U.S.
Government . TIDS utilizes the functional and operational
approaches which have been discussed in this section as they
pertain to Bus TRIP and its final configuration. The
following description of TIDS shows how these requirements
have been integrated through the various functional aspects

of this operating system.

An overview of the operation of TIDS is shown in Figure
5.2. The four major elements which comprise this system

are:

] Data Input
It may be received from a variety of sources.
Data may be in computer input form or may be
processed for input by the DRC data processing
personnel. Data may also be input from remote
terminals at the customer's site. A duplicate
record of all data in its "as received" form is
made for historical purposes as a first step in
data 1input. The data 1is then checked for

"errors," or inconsistencies, with respect to
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predetermined data formats for ranges. Data is
then reformatted to conform to the uniform

organizational scheme of the data base.

o "Dictionary"”
This provides format instructions for data at
all points in the system. This allows data to
be received and input in any format by a system
user without having to restructure the
information. This also assures that data in the
data base is identically formatted for ease of
retrieval. The "Dictionary" also provides

standard report and output formatting.

L) Data Base
The complete collection of all data in the
system. This data has been checked for errors
and formatted before it is entered into the data
base. Data can be added or altered in the data
base only by specified personnel. Data may be

retrieved on a "read-only" basis.

o Data Output
It is a flexible process for reporting and/or

analyzing any or all of the data in the
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system. Standard reports of selected data may
be produced periodically. Comparisons can De
made of any data type to any other type.
Programs are also available for analytical
evaluation of the data. Outputs may be
transmitted to remote terminals automatically at

preselected intervals.

TIDS is currently being successfully employed for the
operation of the RRV TRIP EDB and for the operation of a
large hardware-related data system, both including the
storage and manipulation of large quantities of data. TIDS
is capable of expansion as the quantity of data to be stored
increases, and is designed for rapid and flexible retrieval

of data.

The data bank configuration, which is selected for
either the experimental or full-scale Bus TRIP system will
utilize many, if not all, of the functional concepts of
TIDS. DRC proposes, therefore, the use of TIDS as a data
base management system for the BEDB and will evaluate TIDS
as a candidate system for the full-scale Bus TRIP Data Bank
configuration. The potential benefits that will accrue

using this approach are:
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° Use of a system currently used for the operation of
the RRV TRIP EDB in the areas of data input storage

and output:;

° Use of a system already designed and developed for
another U.S. Government program and currently used
for multi-access and batch processing of
reliability, configuration, and logistics data for

a large hardware system;

] Capability of the system to provide expanded
storage based on increasing qualities of input data

and equipment to be tracked; and,

° Capability of the system to accept a wide variety
of input data forms and formats, and provide

flexible data retrieval and reporting.

5.1.2 - Bus TRIP Software

To implement TIDS for the BEDB, additional functional
modules were required to address the specific input,
storage, and output requirements of RRV TRIP. Bus TRIP will
utilize the same functional modules which are divided into

two general categories, as follows.
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] Bus-specific modules will he developed to interface
with TIDS to:
- Process transit bus operating, maintenance, and
reference data for input to TIDS:; and
- General routine and special reports based on
data which is stored on the TIDS integrated data

base.

3 Modules developed for use by the existing TIDS
software to:
~ Verify input data,
- Input data to the TIDS data base, and

- Retrieve data from TIDS.

RRV TRIP-specific software modules that have been
developed to interface with TIDS will be used and augmented

as needed. These modules include the following.

] Input Data Processing, including:
- Conversion of Thard-copy input data into
computer- readable format;
- Conversion of computer-readable input data into
the format of the host computer;
- TExtraction and reformatting of all input data in
computer-readable format into BEDB record

formats;



- Assignment of standard record labels and generic
codes to provide uniform data storage format,
including Generic Part Numbers (GPN), Generic
Serial Numbers (GSN), Generic Maintenance Codes,
and Generic Vendor Codes:

- Verification of @processed input data for
accuracy; and,

-~ Maintenance of tables and files used for generic

label and code assignment.

° Output Generation, including:

Reordering and reformatting of data retrieved

from the TIDS data base;

- Automated analysis of retrieved data to produce
output reports;

- Production of routine and reference information

reports; and,

- Production of special-request reports.

TIDS~related software modules that have been developed

for use by the existing TIDS operating software include the

following.
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2 Data Verification, including:

- Validity of data prepared for TIDS input by
comparison with data element acceptable ranges
and

- Verification of non-duplication of TIDS data

base entry.

] Data Base Storage, including:
- Description of data base record formats (Data
Dictionary):
- Description of data base input formats: and,

- Description of data base record label elements.

° Data Retrieval, including:
- Description of data Dbase retrieval record
formats; and
- Description of retrieval record and element

combinations.

The description of the application of TIDS to the BEDB
together with development of additional software
specifically oriented to the input and output of transit bus

data, will be detailed in the following sections.
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5.2 - DATA SUBMISSION

Data submission to Bus TRIP by bus properties will
follow several functional and operational requirements. The
functional requirements involve two major areas: one
dealing with the bus property/data bank interface and the
other dealing with the logistics of sending/receiving the

data.

The bus property/data bank interface should include a
contact person at each participating property that would be
available to answer inquiries £from data bank personnel
concerning data collection and submission. The logistics of
sending/receiving the data will include the interface
between the contact person and data Dbank to confirm
sending/receipt of data, as well as the operating
requirements of data submission monitoring, data cataloging,

and data transcription.

RRV TRIP operations are based on monthly receipt of
utilization, inspection, and repair data. Bus TRIP should
operate in the same manner-—-monthly receipt of utilization,
consumption, trouble call, inspection, and repair
information from participating bus properties. Monthly

submission will provide a sufficient time period for
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cataloging, transcribing, and entering data, whether it be

hard-copy or computer-readable.

5.3 - INPUT DATA PREPARATION AND PROCESSING

The functional software modules that were developed for
the RRV TRIP EDB will be utilized with modifications for the
BEDB for input data conversion, formatting, and

standardization. These modules include:

) Software and procedures to translate input data

from hard-copy forms to a computer-readable format,

° Procedures and utility software to translate
diversified computer-generated input data into a

common host computer-readable format,

9 Software to organize and reformat input data to

common data types,

° Software to standardize data types into functional

hardware categories by assigning "generic record

1abels" and "generic codes",
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2 Software and procedures to perform extensive input

data verification, and

e Software and procedures to provide data security by

using back-up, off~-line storage techniques.
5.3.1 - Hard-Copy Data Preparation and Entry

Several of the bus properties that will participate in
the BEDB program will submit data to the BEDB operations
staff in their own hard-copy input forms (for examples, see
Section 2.2). The data elements contained in this input
data (covering static and dynamic data types: utilization,
consumption, inspection, road call, repair information,
etc.) .will be converted to a computer-readable format by
Bus TRIP software that accepts hard-copy input data entered
on-line through a video display terminal (VDT). RRV TRIP
EDB employs this arrangement for entering hard-copy data and
the BEDB will employ this software with modifications to

accommodate bus-related data types and elements.

The VDT terminal system provides the following

capabilities:
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C) Menu-like selection of any screen formats into
which bus property reference and dynamic data may

be entered on-line into the BEDB,

@ Data editing and error correction before data is

entered into the BEDB, and

) Automatic generation of a specific record type as
dictated by a screen format that is selected from

the menu.

An example of a screen format that would be displayed
on the VDT is shown in Figure 5.3. The data elements,
indicated by underscoring, will be entered into the VDT
"form" directly from the hard-copy form submitted by the bus
property. The software in this VDT system has the

capability to:

o Automatically enter data elements 1into the data
record,

° Automatically translate data elements into codes,
and
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Test for:

- Valid alphanumeric characters based on the data
type,

- Valid data present in "required" data fields,

~ Right-justified and zero-filled numeric fields,

- Valid property 1IDs,

- Valid date fields (month < 12, days < 31, year <
current year),

- Valid time fields (hours < 24, minutes < 59),
and

- Valid part numbers.
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BUS TRIP EXPERIMENTAL DATA BANK
DYNAMIC REPAIR DATA

RECORD TYPE 04 FORM O SEQ 01

PROPERTY ID BUS NO. REPORT NUMBER
SYMPTOM CODE DATE REPORT__/ / DELAY CODE
HDW-1ID -PART NO.

FAIL CODE CRT-ACT ______ TEST ELAP

Figure 5.3 - Sample VDT screen format.
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After all tests are performed on the data, any errors
that have been found during this process are listed. Then
the user can correct the errors or discard the information
completely. After the corrections are made and no
subsequent errors are detected, the software sends the data

to the appropriate file for data reformatting.

5.3.2 - Computer-Readable Input Data Translation and

Extraction

If input data 1is provided in a computer-readable
format, it will be translated into the host computer's
format and the appropriate data types will be extracted.
Since magnetic tapes may be generated by computers different
from the host computer, they must be translated into a host
computer-readable format. This +translation will Dbe
accomplished using existing utility software that converts
one type of computer-generated data into the format used by

the BEDB computer.

Once this conversion is completed, the necessary input
data elements will be extracted per each property's pre-
defined record layout and rearranged into the Bus TRIP data
types (utilization, consumption, inspection, road call,

repair, etc.). In order to develop the software necessary
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to extract the desired data elements, each property will
provide a detailed description of the formats in which the

data has been recorded.

In order to provide both data security and
accountability, a permanent, magnetic tape copy will be made

of data at several points in the input process, as follows.

] Magnetic tapes of input data supplied by bus
properties will be retained in permanent storage
following conversion into the host computer-

readable format.

o Permanent copies will be made of reformatted data
prepared from either magnetic tape or hard-copy
input data after this data has been assigned record

labels.

? Permanent copies of all data which is entered into
the Bus TRIP data bank will be made, including a
"log" of the date and content of each group of data

bank data records.
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5.3.3 - Data Reformatting and Cross-Referencing

After the input data has been converted to the host
computer-readable formats from either property-supplied
hard-copy or magnetic tape, the data will be reformatted
into a standard (or generic) form. This standard formatting
involves the assignment of a GPN and GSN to each property-

specific data record.

The GPN is a code which classifies a component by the
function it provides, the location of the component and the
classification of the component by type. RRV TRIP has
employed the GPN structure as shown in Figure 5.4. Bus TRIP
will utilize a modified GPN due to the nature of differences
between RRVs and buses. From experience in developing the
Transit Vehicle Equipment Lists in RRV TRIP and the BREL, as
part of Bus TRIP Task B, it has been found that the level of
detail originally specified in the GPN is not necessary due
to two factors. One factor deals with the inability of most
transit property maintenance information systems to handle
such a detailed part numbering approach. The second factor
is the tremendous amount of effort and time that must be
devoted in order to develop a reliability equipment 1list
using such a detailed part numbering approach. For these

reasons, Bus TRIP will use a similar, but improved GPN
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VEHICLE TYPE

FUNCTIONAL SYSTEM

FUNCTIONAL SUBSYSTEM

MAJOR ASSEMBLY

ASSEMBLY

SUBASSEMBLY

SUB-SUBASSEMBLY

COMPONENT

UNIVERSAL EQUIPMENT CODE

SEQUENCE

Figure 5.4 - Generic part number.
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approach designed to accommodate the most extensive BREL
(i.e., articulated buses). The exact structure of the Bus
TRIP GPN will be developed during Bus TRIP Task B -

Establish Bus Reliability Equipment Lists.

The GSN is a code consisting of the transit property
ID, the bus model designation, and the bus number. Bus TRIP
will utilize the same GSN approach as that used in RRV
TRIP. Whereas a GPN alone identifies a component by
standard attributes, the GPN in combination with a GSN
identifies a specific component used on a specific bus. The
GPN and GSN are the first two elements of the data record

label.

Figure 5.5 illustrates the process of assigning a GPN
and GSN to a data record and the reformatting of certain
data elements to form the data record label. This process
is accomplished through the use of the fleet file (described
in Section 2.1.3) and the BREL which is being developed as
part of Bus TRIP Task B. The fleet file is a 1listing of
valid bus numbers for a given property ID and bus model

designation.
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ROAD CALL DATA TYPE RECORD BEFORE GPN/GSN ASSIGNMENT

[20 14 2113 VSR724882 011579 204327 10045 WEST15G-11-2489 etc. |

RECORD TYPE ——I

PROPERTY L.D.

BUS NUMBER
FORM NUMBER

DATE (EVENT)
MILEAGE

INCIDENT
COMPONENT PART NUMBER

3 B

PROPERTY BUS FLEET GSN COMPONENT PART GPN
1.D. NO. 1.D. NUMBER
14 2113 A28 T 14A242113 WEST15G-11-2489 ADAACDEF02A6
FLEET 1.D. TABLE RELIABILITY EQUIPMENT LIST

ROAD CALL DATA TYPE RECORD AFTER GPN/GSN ASSIGNMENT

IADAACDEFOZAB 14A242113 011579 0 20 VSR724890 204327 100-5 etc. |

GENERIC PART NUMBER _l
GENERIC SERIAL NUMBER |

DATE (EVENT)
SUBDATE

RECORD TYPE
FORM NUMBER

“RECORD LABEL" MILEAGE
INCIDENT

Figure 5.5 - Road call data type record before and after
GPN and GSN assignment.
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The BREL, which will be described in the Task B Report,
is a 1listing of GPNs and corresponding property and
manufacturer part numbers of the components on a specific
bus model that will be monitored by the Bus TRIP data
bank. The BREL for a specific bus model is identified by a

GSN.

The entire record label consists of:

° Generic Part Number,

® Generic Serial Number,

o Date,

° Subdate (used only if there are two or more records

with the same GPN, GSN, and date), and

° Record Type.

The process of developing the record label for dynamic

data is summarized in the following steps.

9 The "Record Type" field is checked to determine the

type of record being processed and, therefore, the

format of the data contained in the record.

] The "Property ID" field is encoded.
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The encoded "Property ID" is combined with the "Bus
Number" field to search the Fleet File for "Fleet

D",

The three data elements above are combined to form

the "Generic Serial Number".

The encoded "Property ID" and "Fleet ID" are
combined with the "Part Number" field to search the
Generic Parts List File for the "Generic Part
Number" which is also part of the data record

label.

The encoded "Property ID" is combined with the
property-specific symptom code, defect code, repair
code, and test fields to search the Generic
Maintenance Codes File for the "Generic Maintenance

Codes" respectively.

The encoded "Property ID" is combined with the

property-specific vendor code to search the Generic

Vendor Codes File for the "Generic Vendor Code".
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The subdate element of the record label is set to zero
unless there are two or more records with the same GPN, GSN,
and Date. Should this occur, the subdate element would be

incremented to account for multiple records.

The entire record label provides a unique description
of the data record and, as such, is the mechanism by which
the various records are integrated into a common data
base. The individual elements of the record label can Dbe
used independently or in combination to support efficient

data access, retrieval, and the basis for analysis.

If no errors are detected during this process of
assigning the record label elements, the data record is
successfully reformatted into the Bus Data Bank format. Any
incorrect combination of Property ID, Bus Number, and
Component Part Number will result in a "not found" situation
against the Fleet File and/or BREL, and an error message
will be generated. Translation of the property-specific
maintenance codes into the Bus TRIP generic codes cannot be
accomplished until the record label assignment process has

been completed.
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Several types of error conditions and associated
corrective procedures that could result from attempted GPN

and GSN assignment are shown in Figure 5.6.

Different property codes describing maintenance
activities will be assigned a generic code representing the
same activity. This assignment will be done using a similar
technique described for GPN assignment. For example, a
typical symptom might be "doors will not open." At Seattle
METRO, the code for this symptom might be 0711; at CTA, the
code might be 063; and at RIPTA, the code might be 152.
These codes will be cross-referenced to a single Bus TRIP
generic code (e.g., 5102). The generic codes will become
the basis for data retrieval, output generation, and

technical analysis.

Those data types that cannot be assigned record labels
and/or generic codes will be corrected and resubmitted for
Bus data bank reformatting. All data types that were
assigned record labels and generic codes are, at this point
in the procedure, ready for the data editing/verification

procedures in the operation of the BEDB.

82



‘juswubrsse NSH/NdD peoirdwsize

WwoIJ burjTnsal SUOTITPUOD IOIXT - 9°G 2INbTJ

‘parepdn aq 03 pasu Aew

31 !sapy sapod piepuels oyl ¥oay)y) g
*$59U3924409

10§ (s)apoo ejep Indu) ayy oay)y Y

‘paiepdn aq o)

paou Aew 11 a1y 199 Y1 Moayy °g
‘pl-1a9)y

1934100ui 10} eiep indul eyr oay) ‘Y

*pazepdn aq

0} psau Aew 31 4D 8y 2ey) g
*$S9U3931109 Jaquinu
weuodwod ‘(139§ =) I8

!Auiadoad 10§ eiep nduy ayy oayn 'y

*Auadosd siyy 103 uopnewiopw ied
/1931 yum aqy 399y ayy arepdn

‘pajepdn agq o1 pasu

Aew 3 Isaqy 3eayy eyn dosuy °g
“1aquny 4es 1931109u4

104 eiep nduy ey Moeyy 'y

‘3Jl} $3pP0Od piBpURES YL U] ISIX3 JoU SAOp
uoneuiquios apoo-jesoj/Auadosd uanb ayj

(Ajuo eiep asualajer o} saljddy) -Anedosd
SIY) Joj pijeaus si pi-yasyy anduy ayy

3|y T1dD 8y ul
1510 Jou saop (jea)y =) 480 ‘Auredoxd
uanb ayy Jsoj sequinu jusuodwiod ayg

"VLVINM ‘VLIOAN ‘VLHOD ‘ViD ‘Luvd
‘OD1Vvd :a1e s309)) Yyum 3y uo sansadosd
ay) ‘yesosd 1y) sy 199l Syy Uy syaay
yum pauijap uasq jou sey Apsadosd spyj

*UOTIBUIUIOD PljeAU]
ue sp ses/Ayradoad ‘sayabor uexey o7y
!Auadosd ynduy uanmB ayy soy ey 198y}

ayy u) jou sy sequinu Jes ynduy ayj

aNNOd4d 10N 300D Hivd3ay
aNnod LON 3403 JYNnIvd

aNNO4 LON 13374/ALHIJOHd

anNNoOd4 LON 1dHVd J1H3NID

ERIE]

13374 NI LON AlY3d04Hd

aNNOd LON HVYD/ALYIdOHd

NOILIV IAILITIHHOOD

ONINVIIN

NOILIONOD HOHH3

83



5.3.4 - Data Editing and Error Correction

Data editing and verification will be performed on all
data that has been processed for entry into the Bus data
bank as in the RRV TRIP data btank. This verification will
insure that accurate and valid data is being stored in the
Bus data bank. The BEDB, as in RRV TRIP, will utilize the
Data Dictionary module of TIDS to provide this editing
function. The Data Dictionary is the master format or
description file for data being input, stored, or retrieved
from the data Dbase. To provide this master format control

capability, the Data Dictionary contains the following.

°o Complete description of all data base record types,
including:
- Data elements in each record type,
-~ Sequence of data elements in each record type,
and

- TField length of all data elements.

] Complete listing of all valid GPNs monitored in the

data bank (that is, Master Reliability Equipment

List).
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-] Data element editing information, including:
- List of elements which require tolerance or
range, checking of their contents, and
- Tolerance ranges for data elements which require

this checking procedure.

Error checking should place in two modules in the BEDB
similar to the RRV TRIP EDB. The first editing module
determines if the data input format is recognized by the
Data Dictionary. Recognition is based on the presence of a
description of the input data format in the Dictionary and
also upon the verification of the GPNs that 1is being
monitored. This module also has the ability to screen
numeric data through the use of tolerance checking. The
data is checked for numerical content and is validated
against tolerance limits initially specified. Tolerance
validation is not required for all data items, but it can be
specified as necessary for any numeric data item being

processed without any changes to the system software.

The second editing module updates the data in the Bus
TRIP data bank. Once the input data has been validated for
correct format and tolerance ranges, the record label
elements (GPN, GSN, Date, Subdate, Record Type) are compared
to data already stored in the data Dbase in order to

duplicate entries.
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Data that does not pass the editing criteria will be
corrected by Bus TRIP data bank personnel, with possible
assistance from the prcperty supplying the data. Only those
data elements that are in error will be included in the
error correction process. This érocedure minimizes
processing costs by resubmitting, through the editing
procedures, only those data elements that did not pass the

editing criteria.

When property assistance is required for error
correction, and depending on the volume of corrections that
have to be made, new data to correct these errors will
either Dbe solicited by phone (for a small quantity of
errors), or by a hard-copy listing (for larger quantities of
errors) that will be sent to the property for resolution.
All error listings sent to properties for error resolution
will be monitored so there will not be a backlog of

uncorrected data for processing into the data bank.
5.4 - DATA STORAGE

Through the use of TIDS, the BEDB can be defined as an

integrated data based on the following characteristics.
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o All data will be stored in one central location

allowing easy access to any data item.

® The data base consists of data logically related by
GPN and in chronological order to permit rapid and
efficient reporting.

o Reference and dynamic data can be stored by GPN in
order to organize data related +to the same

equipment.

These storage characteristics were defined in the RRV
TRIP EDB configuration and have proven to be an important
objective in the operation of the RRV TRIP EDB. The
centralized storage of data permits the efficient retrieval
and analysis of different data types. For example, since
reference and dynamic data are stored by GPN, reference data
could be analyzed on the basis of dynamic data parameters

such as fleet mileage or fuel consumed.

The BEDB, similar to the RRV TRIP EDB, will be arranged
in chronological order by GPN and GSN. This logical
arrangemnent of the data provides a "filing cabinet" of data
with a "folder" for each unique part. All "folders" are in
order by part numbers and of each part, all occurrences are

grouped together. The data in the "folder" is in
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chronological order by most recent to oldest occurrence for
each serial number to facilitate guick access to more recent
data. For example, all air conditioners that failed or
required routine maintenance during a given month would he
stored together, with the most recent failures/repairs

accessed first.

Each unique data type 1is jdentified and stored in the
data bank using a record label, permitting direct access and
retrieval of each data type. This "indexed sequential”
organization allows random access to the specific data items
desired without having to read all the sorted data to locate
that data item. This direct access capability is provided
by the Data Dictionary which describes the type, content,
and relationship of all the data stored in the data bank.

Along with .the organization of data storage, the
capability of data editing/update must be provided.
Updating can be easily accomplished since the description of
the format and content of the stored data is contained in
the Data Dictionary. The Dictionary is flexible and permits
the addition, deletion, or modification of data formats by
non-programming personnel. Therefore, the data Dbank
operators can change input, storage, and retrieval

requirements without modifying the system software.

88



In order to provide the Data Dictionary with update
capability, a separate module was developed for the RRV TRIP
data bank. A similar module will be utilized for the Bus

TRIP data bank and it includes the following features:

] Update of Data Dictionary entries
(add/delete/modify) including record types, content

descriptions, and tolerance values, and

° Output reporting of Data Dictionary content and
modifications.
5.4.1 - Equipment Identification Requirements

Even though Bus TRIP will be utilizing the same storage

method as used in RRV TRIP, the following areas in regard to

specific equipment identification should be covered:

] Quantity of bus equipment to be monitored,

-] Number of equipment categories, and

a Differences in general equipment +types between

buses and rapid rail vehicles.
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As described in the Task A Report - DRC # E-5455U, Bus
TRIP will monitor five transit bus types, as listed on the

following page.

o Advanced Design Buses
- General Motors

- Grumman Flxible

° New-Look Conventional Buses
- General Motors

- Grumman Flxible

° Articulated Buses

- AMG/MAN

These five types will be monitored in operation at five
or six properties that will be recommended for participation
in a Bus TRIP EDB. (Initially, Chicago, Detroit (SEMTA),
Houston, Los Angeles, Providence, and Seattle have been
recommended.) The number of buses that will be monitored at
the recommended properties totals approximately 5000-7000.
An estimate of the number of records that will be stored in

the data bank based on 7000 buses is given in Section 6.1.
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The specific equipment that will be monitored on those
five bus types will be determined as part of Bus TRIP Task
B. The monitored equipment will be chosen from the
following list of equipment categories. (It is anticipated

that 3 systems will be monitored, initially, by the BEDB.)

1. Doors and Door Controls

2. Air Comfort System

3. Communications Equipment

4. Electrical System

5. Engine System

6. Brake System

7. Automatic Vehicle Monitoring
8. Suspension, Steering, and Tires
9. Drive Train

10. Fuel Supply System

11. Body and Structures
12. Safety Equipment

13. Fare Collection

The differences in general equipment types between
buses and rapid rail vehicles is shown in Figure 5.7. The
bus and RRV functional systems are similar with the

exception of safety equipment and fare collection.
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Bus

Vehicle

Doors and door controls

Air comfort system
Communications equipment
Electrical system

system

Engine system

Brake system

Automatic vehicle monitoring
Suspension, steering, and tires
Drive train

Fuel supply system

Body & structures

Safety equipment

Fare collection

Rapid Rail Vehicle

Vehicle

Doors and door controls
Air comfort system
Communications equipment

Auxiliary electrical

Propulsion system

Friction brake system
ATO/ATC

Truck and suspension
Couplers and draft gear
Power collection equipment

Car body and structures

Figure 5.7 - Bus and RRV equipment categories.
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5.5 - DATA RETRIEVAL AND ANALYSIS

The data base can be accessed by specifying the record
label. For example, if Chicago wishes to know the number of
repairs that were done on its fleet of GMC T8H-603 for front
axles during June 1980, as well as the amount of fuel
consumed by that fleet, the following information must be

specified.

° Two RECORD TYPES will be needed:
- Unscheduled maintenance records and

- Consumption records to determine the amount

of fuel.

® The DATE for these RECORD TYPES, which must fall in

the range of 6/1/80 through 6/30/80.

] The GENERIC SERIALL NUMBER containing:
- The Property ID for Chicago and

- The Fleet ID for the GMC T8H-603.

9 The GENERIC PART NUMBER for front axles.

Once this data is selected from the data bank, it will

be sorted on RECORD TYPE +to separate the unscheduled

maintenance records from the consumption records. After the
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sort is completed, a count of the repairs recorded on the
unscheduled maintenance will yield the number of repairs on
front axles. By summing the fuel figures contained in the
consumption records, the total amount of fuel for the fleet

of GMC T8H-603 is determined.

The types of analysis that can be done on the retrieved
data are varied due to the diversification of the data types
that are being stored. This analysis falls into, hut is not

limited to, the following categories.

e Standard Statistical Techniques
- Mean
- Standard Deviation
- Least Squares
-~ Variance
- Correlation

- Curve-Fitting

° Reliability/Maintainability Analysis
- PFailure Rates
- Failure Analysis
- Mean Time Between Failure
- Operational Availability
- Mean Time Between Maintenance Actions

- Trends Analysis
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® Vendor Monitoring Analysis
- Component Reliability
- Failure Rates/Vendor
- Parts Availability
- Performance Analysis

- Equipment Improvement/Retrofit Analysis

5.6 - DATA REPORTING

The generation of both routine and special output
reports, as in RRV TRIP, will be performed as shown in
Figure 5.8. Routine reports will be issued at intervals,
the frequency of which will be determined at the beginning
of BEDB operation. These periodic reports will be generated
on a scheduled basis by the computer operations staff within
the Bus TRIP data bank facility. The computer operations
staff will execute scheduled report programs, and submit the
reports to the Bus TRIP data bank personnel for review,
including valid data content and valid analysis. Following
this review, these reports will be distributed to Bus TRIP

users.

Special requests will be submitted to the Bus TRIP Data

Bank personnel. Report formats and algorithms will be
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Figure 5.8 - EDB output generation.
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developed to support these requests along with projected
completion dates for report production to satisfy the

requests.

Similar +to RRV TRIP in supporting output generation
requirements that should occur during the operation of the
BEDB, a Management Data Query System (MDQS) will be utilized
for rapid response to output requirements. MDQS is a
Honeywell input/output system that will provide report
generating flexibility for the Bus TRIP data bank with

little or no new development effort.

MDQS will be utilized during the initial operation of
the BEDB for generating both routine and special reports.
The use of such an input/output system will permit rapid and

efficient modification of the format and content of all

report types without requiring extensive software
reprogramming.
When routine report formats are finalized, MDQS

generation procedures will be converted to standard output
generation programs. While MDQS provides maximum
flexibility for output reporting, its generalized nature
makes it less cost-effective than standard programs for

repetitive production of the same report type.
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The use of MDQS will provide the Bus TRIP data bank

staff with the following capabilities:

° Development of new formats without requiring the

development of major software modules;

° Ability to manipulate retrieved data, including

totaling and subtotaling criteria;

° Specification of retrieval selection criteria; and,

] Application of new algorithms to satisfy new

requests for reliability analyses.

5.7 — BEDB INITIALIZATION

Following the development of the additional software
modules that will be added to TIDS for buses rather than
RRVs, the data bank will be initialized with data, including
format descriptions, editing criteria, and output generation

procedures required for BEDB operation.
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5.7.1 - Input Data Processing

All the necessary files - Fleet File, Generic Parts
File, Generic Maintenance Codes File, and Generic Vendor
Codes File - used for the assignment of the "record label"
elements must be established. In the case of the Fleet
File, all bus numbers chosen for the BEDB, the fleet that
they belong to, and the property ID will have to be entered
into the file. In the case of the Generic Parts File, the
parts list for the components chosen to be monitored by the
BEDB have to be assigned a GPN and along with a property ID
and fleet ID have to be entered into the file. The Generic
Maintenance Codes File will contain all property-specific
maintenance codes (for symptom, defect, repair, and test)
and their associated standard Bus TRIP code. The Generic
Vendor Codes File will contain all property-specific vendor

codes and their associated standard Bus TRIP code.

5.7.2 - Data Editing/Storage

As previously described, the ‘"controller" of the
editing and storage functions will be the Data Dictionary
module of the TIDS software to be used by the BEDB (see
Figure 5.1). The types of data necessary for the Data

Dictionary will be:
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] The Master Reliability Equipment List (all GPNs to

be monitored);

o A complete description of data types (dynamic data
types, including utilization, consumption,
inspection, road call, and repair; and reference

data types) and their data elements; and,

9 All the data items to be checked for tolerance

ranges and the tolerance ranges for each element.

5.7.3 - Report Generation

Based upon the preliminary output requirements
definition, together with those types of data that will be
collected for the BEDB, preliminary report generation
procedures will be developed using MDQS for the inital
reports to be generated by the BEDB. These procedures will
be submitted for review by the recipients of the reports.
These reporting procedures will reflect recommendations made

prior to the first production of reports from the BEDB.

5.7.4 - Data Processing Equipment

If the BEDB is implemented at DRC, the in-house

computer system will be used (see Figure 5.9). This system
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consists of a Honeywell 66/20 central processor and a wide
variety of peripheral equipment. This system provides both

batch and time-sharing capabilities.
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Figure 5.9 - H-66/20 computer facility.



SECTION 6 - DATA BANK OPERATION

The operating requirements of a full-scale Bus TRIP
Data Bank will be determined by the services that Bus TRIP
will provide to bus properties. The production of the data

bank will involve:

° Processing and storage of bus reliability

performance data,

° Utilization of analytic techniques to interpret

this data, and

° Issuing routine and special reports describing the

reliability performance of the monitored equipment.

The quantity and media of input data, along with the
level of detail and frequency of the output reports (hard-
copy or computer-readable form) will determine the following

factors of Bus TRIP operations:

9 Data bank size,
@ Operating cost factors,
° Data bank staffing, and

° Data bank sponsorship.
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The following sections of this chapter consider each of

these factors separately.

6.1 - PROJECTED DATA BANK SIZE

The size of the Bus TRIP data bank depends upon two
factors. The first factor is the number of buses that will
be monitored by Bus TRIP. The second factor deals with the
type of analyses that will be performed by Bus TRIP (see
Section 5.5 for proposed types of data analyses). The

following two estimates of data bank size are based on these

two factors. (Due to the evolution of the Bus TRIP program,
it is not expected that the whole industry - 965 Dbus
properties -~ would eventually be participants in Bus TRIP.

Therefore, the following estimates do not include a data

bank size based on all transit buses in the United States).

COLLECT AND STORE DATA FROM THE 10 PROPERTIES

VISITED DURING TASK A

This estimate is based on the ADBs, NLCs, and ARTICs

operating at the following properties that were visited in

Task A.
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1. Atlanta, GA (MARTA) 6. Houston, TX (METRO)

2. Baltimore, MD (MTA) 7. Los Angeles, CA (SCRTD)
3. Chicago, IL (CTA) 8. Providence, RI (RIPTA)
4. Columbus, OH (COTA) 9. San Antonio, TX (VIA)
5. Detroit, MI (SEMTA) 10. Seattle, WA (METRO)

Assuming that bus data (for all systems on a bus) is
produced at the rate of 0.33 records/bus/day (with a record
being one of the following: wutilization, consumption,
inspection, road call, or repair record) and using the total
of 11,210 buses (only ADB, NLC, and ARTIC) among the 10

properties, the data bank should be capable of storing:

0.33 record/bus/day x 11,210 buses X 365

days/year = 1,350,000 records/year.

COLLECT AND STORE DATA FROM THE SIX INITIAL CANDIDATE

PROPERTIES

This estimate is based on the ADBs, NLCs, and ARTICs
operating at the six properties recommended for

participation in Bus TRIP.

Assuming again that bus data is produced at the rate of

0.33 records/bus/day, and using the total of 7,000 Dbuses
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(only ADB, NLC, and ARTIC) among the six properties, the

data bank should be capable of storing:

0.33 record/bus/day x 7,000 buses x 365

days/year = 843,000 records/year.

6.2 - PROJECTED OPERATING COST FACTORS

Cost estimates will be separated into three categories:

° Data input,
o Data storage, and
® Data output.

6.2.1 - Data Input

Cost estimates for data input are separated into labor
costs for Thard-copy input preparation and entry; and
computer charges for computer-readable input entry and
extraction. FEach estimate will be based on both 10 and six
properties. (These estimates are based on the experience of

the RRV TRIP EDB.)
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HARD-COPY INPUT PREPARATION AND ENTRY

These estimates are based on labor-hours necessary to
prepare and enter hard-copy input data. Assuming that 120
hours/month/5000 records are consumed in this activity, and
the burdened labor-rate is $20/hour:

10 properties: 120 hours x 1,350,000

5000 records
records/year x $20/hour = $648,000/year.

6 properties: 120 hours x 843,000 records/year

5000 records
x $20/hour = $405,000/year.

COMPUTER-READABLE INPUT ENTRY AND EXTRACTION

These estimates are based on the computer cost of
entering and extracting computer-readable input data (there
is practically no labor time involved in this activity).
Assuming that it costs $50/10,000 records/month for entry

and extraction:

$50/10,000 records

1 month
1,350,000 records/year s $81,000/year.

x 12 months x

10 properties:

$50/10,000 records

1 month
records/year ~ $51,000/year.

6 properties: x 12 months x 843,000
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6.2.2 - Data Storage

These estimates are based on the cost of storing the
data. Assuming that it costs $.000065/character/month and

there are approximately 85 characters/record:

10 properties: $.000065/character/month x 12 months x

85 char/record x 1,340,00C records/year = $90,000/year.

6 properties: $.000065/character/month x 12 months X 85

char/record x 843,000 records/year = 356,000 /year.

6.2.3 - Data Output

At this point in time, it is not possible to estimate
the costs associated with output reports. This is due to
the fact that once Bus TRIP begins operation, the output
reports will be constantly reformatted until the reports are
finalized for routine production. The experience with RRV
TRIP EDB output reporting has shown that once routine
reports are finalized, their production costs will Dbe
minimal. However, as long as the reports are being
reformatted and refined, each new report must Dbe treated as
a special-request report, thus requiring additional clerical
and engineering personnel to generate such reports. This
mode of operation-constant reformatting and refining-is very

costly.



6.3 - DATA BANK STAFFING

The staffing requirements to operate the data bank is
proportional to the quantity of records to be input and
output. Through the property investigation (Task A), it was
learned that approximately 30 percent of the bus data
collected nationally is processed by automated means. This
percentage is compared with the 70 percent of the RRV data
collected that is processed by automated means. Therefore,
the input data for Bus TRIP will be largely hard-copy, thus
requiring a larger number of personnel than was estimated
for RRV TRIP. Also, a larger quantity of data will be

handled by Bus TRIP than is to be handled by RRV TRIP.

Based on these factors, the staffing requirements for

Bus TRIP should be as shown in Figure 6.1.

Thus, due to the large quantity of hard-copy input,

there will be a significant number of data-entry personnel

required for the operation of Bus TRIP.
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6.4 - DATA BANK SPONSORSHIP

Sponsorship of the long-term Bus TRIP data bank will
involve the support of the various aspects of its operation,

including:

e Supply of data to the data bank,

° Data bank operation, and

° Output report generation, including:
- Routine reports and

- Special Reports.

Implicit sponsorship of Bus TRIP will be provided by
organizations supplying data to the data bank. The cost of
collecting, duplicating, and transmitting static and dynamic
data to TRIP by transit properties will provide both the
basis for operating the data bank, and the "front-end"
support for this operation. If other groups begin to
participate in Bus TRIP, such as equipment manufacturers,
they will implicitly add program sponsorship through their

supplying of data.

Because of the national nature of Bus TRIP, it seems
appropriate that the U.S. Government should provide the

major sponsorship for the operation of the Data Bank. The
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Bus TRIP effort has addressed a much wider scope than that
which could, or would, be supported by any single data
source. In addition, +through TRIP, the government can
provide a valuable "tool" to be used by the transit industry
to assist in a self-improvement effort to enhance equipment

reliability.

The production of outputs and reports is an area which
may be sponsored by both the U.S. Government and users of
the Bus TRIP data bank. It 1is anticipated that the
generation of routine reports will be included by the
sponsorship, by the government, or the operation of the data
bank itself. The generation of special reports, however,
may require the evaluation of a possible user charge,
depending on the complexity and cost of these special
investigations. While many special reports will undoubtedly
be of a straight-forward nature, and therefore involve no
such charge, extensive analyses of large quantities of data
for the production of a special report will require not only
significant labor but also computer resources. The cost
support for these larger reports could, potentially, Dbe

provided by the requesting user.
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SECTION 7 - DATA BANK BENEFITS

While the costs of Bus TRIP can be estimated based on
EDB operation, the benefits to be gained from Bus TRIP will
be realized over long periods of time. The benefits of Bus
TRIP application to specification development and product
improvement programs may be determined only after data
concerning the performance of new bus equipment is received

after introduction into revenue service.

The benefits of the use and application of Bus TRIP
will be realized in each area supported by the_ system. Bus
TRIP may be utilized to aid in specification development and
procurement of new buses by providing realistic reliability
statistics on existing bus equipment. The reliability
statics may be in the form of simple reliability indicators,
such as repair actions/mile, or more specific figures, such
as mean miles between failures or failures/mile. By having
reliable statistics prior to acquisition, new equipment can
be integrated into the maintenance process more quickly and

replacement parts inventory can be based on past experience.

Another Dbenefit of Bus TRIP will be to provide

information on second-source vendor performance. This
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reliability information may aid bus properties in selecting
parts vendors by describing past reliability and quality of
parts from specific vendors. The long-term implications of
monitoring vendor reliability will be reduced maintenance

costs as well as improved overall reliability.

Bus TRIP will provide maintenance procedures
information as well as information on equipment
modifications or retrofits in the industry. Thus, Bus TRIP
will be a forum for the transfer of information from bus
property to bus property. If property 001 has designed a
new brake lining that has proven to have a longer life than
the original linings on a specific bus model, property 002,
which operates the same equipment, may wish to contact

property 00l about using its newly developed brake lining.

Besides identifying the major equipment reliability
problems, Bus TRIP will have the capability to identify
subtle equipment problems as well. 1In total, Bus TRIP will
provide useful support for transit bus properties to review
the equipment reliability experience of other operators
using similar or identical vehicles. Also, Bus TRIP will

provide potentially valuable support for smaller properties
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that do not have the resources to provide engineering
services but could use Bus TRIP for reliability assessment
through the availability both of routine and special-request

report types.

The costs of the Bus TRIP system, which are defined in

relation to the benefits derived from the program, will

include:
o Data generation,
° Data submission,
° Data processing,
° Data reporting, and -
] Special requests.

Data generation costs will be determined by examining
the labor required by each data source to provide input data
for Bus TRIP and the associated labor cost for this effort,
yielding a cost per item or per data collection period.
Data collection costs will be readily calculated based on
the form in which data is generated and the cost to transfer
this data to the Bus TRIP processing facility, including
shipping or electronic transmission. Data processing costs
will be determined based on the form in which data is

received (e.g., hard-copy, computer- readable) and its
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quantity. Costs will be calculated for input and storage
per datum. Data reporting expense will be readily
calculated from the costs of computer operation, required
labor, and material required to produce each type of
output. Costing for special requests will be developed on a
case~-by-case Dbasis and will include computer, data
processing, and technical labor costs. A complete record of
the cost of each and every special request will be kept and
can be used as a reference for cost estimations of new

requests.



SECTION 8 - CONCLUSIONS

The objectives of Task C were to define the final
configuration of the Bus TRIP data bank and to insure the
compatibility Dbetween the Bus TRIP and RRV TRIP. The
results from the definition of the Bus TRIP data Dbank

configuration have lead to the following conclusions.

° The major differences between Bus TRIP and RRV TRIP
include:
- Larger quantity of hard-copy input data for Bus
TRIP -
- Additional dynamic data types: consumables and
road calls

- Vendor monitoring through dynamic data types

o The large volume of hard-copy input data will make
the input process more difficult and costly than
has been experienced in the RRV TRIP EDB. This
large quantity of hard-copy input data will require
additional data entry @personnel, as well as
additional time to prepare, verify, and enter this

data.
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The larger number of dynamic data types will
require larger storage space in the computer.
Currently, RRV TRIP EDB dynamic data types include
utilization, scheduled maintenance (inspection),
and repair. Bus TRIP dynamic data types will
include utilization, consumption, inspection, road

call, and repair information.

The addition of the generic vendor codes file will
add to the cost and processing time of Bus TRIP in
two areas: assignment of generic vendor codes to
property-specific vendor codes:; and maintenance of

the generic vendor codes file.

Due to the great variability of the dynamic data
coming from the properties, a larger amount of time
must be spent in data preparation, verification,

and entry.

Monitoring the reliability performance of
replacement equipment supplied by second-source
vendors, in addition to Original  Equipment
Manufacturer (OEM), will add significantly to the

usefulness of Bus TRIP.
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The operation of Bus TRIP must be flexible to

consider the following.

The data input subsystem should readily
accommodate new input formats: magnetic tape,
hard-copy.

The Bus TRIP dictionary (that is, GPN, GSN,
Generic Maintenance Codes, Generic Vendor Codes)

should be easily modified to include:

o Continuous addition,
) Infrequent modification, and
9 Periodic deletion

Routine reports should be modified easily.
Special reports should be easily implemented by

the operator.

At present, a BEDB could not be implemented without

modification to the existing RRV TRIP EDB software

due to the following factors:

Differences in reference data formats,
Differences in dynamic data types and formats,
Differences in internal data characteristics,
Different GPN approach,

Different equipment types, and

Different output reports.
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SECTION 9 - RECOMMEMNDATIONS

Based on the conclusions presented in the previous

chapter, the following recommendations are given.

A Bus TRIP EDB should be implemented separate from

the RRV TRIP EDB, because of the following reasons.

- The operation of the Bus EDB can be developed
and refined without impact on RRV TRIP.

- Significant modifications would have to be made
to the existing RRV TRIP software due to the
differences in equipment, input data, data

storage methods and Adata report generation.

The specific make-up of the GPN will be changed to
more closely coincide with bus equipment. While
the same GPN approach developed for RRV TRIP will
be wused for Bus TRIP, this revised approach,
defined in Task B, will provide a more efficient

scheme for data identification.

The large quantity of anticipated hard-copy input

data that will be submitted to Bus TRIP, requires a

systematic approach to input data logging.
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The data submitted to Bus TRIP should be
continuously monitored through all stages of input
to output in terms of standard statistics and
reliability/maintainability factors. This will
require access to the data base by engineering
personnel to perform these analyses Jjust after
input, prior to storage in standard formats, prior

to output, and after output.
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APPENDIX A

REFERENCE DATA FORMATS
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DATA  [FIELD UNITS

DATA ELEMENT oE  ILENGTH
Transit Property ID - A 2
System Miles: Total N 1 2 Ml
Street Construction:
Percent on Collector Street N 2 PERCENT
Percent on Arterial Street N 2 PERCENT
Parcent on rFreeway M 2 PERCENT
Stans: Number | 3 STOPS
: Average Spacing N 5 FT
Passenger Volume: Average N 3 PAX/HR
Base N 5 PAX/HR
Peak N 3 PAX/HR
Buses: Totai N 4 VER
: Availabie for Service, Daily N 4 VEH/DAY
: Pequirad for Service, Daily N 4 VEH/DAY

Figure A-1 Reference data transit property
system configuration.




DATA ELEMENT oLl e JNITS
Transit Property IC A 2
Route iD AN | 4
Route Miles, Total N 2 Ml
Stops : Number N 2 STOPS
: Average Spacing N S FT
: Minimum Spacing N 4 FT
: Maximum Spacing N S FT
Grades : Percent of Route N 2 PERCENT
: Maximum Upnill Grade N 3 % GRADE
: Maximum Downhill Grade N 3 % GRADE

Figure A-2 Reference data transit property
route configuration.



| DATA

FIELD

DATA ELEMENT TVYPE LENGTH UNITS
Tranmsit Property ID A 2
Route 1D A/N 5
Speed : Scheduled N 2 MI/HR
: Average N 2 MI/HR
Headway: Minimum N 3 SEC
: Maximum N 3 SEC
Dwell, Station: Maximum N 3 SEC
: Minimum N 3 SEC
: Average N 2 SEC
Scheduled Runs: Number, Buses N 3 8USES
Load Factor : Base, Actual M 3
: Peak, Actuat N 3
: Maximum N 3

Figure A-3 Reference data transit property

route operating information.




1
DATA ELEMENT N ITElnl s
Transit Property 1D A 2
Fleet ID A/N 4
Total Number of Buses N 3 3USES
Bus Mumbers: Low N 5 3US NG.
: High N 5 3US NO.
¢ Increment N | -
Bus Manufacturer A 18
First Year in Service N - YEAR
Scheduled Manintenance, Routine : Milenge Interval N S Ml
: Time Interval N 2 WEEKS
, Major : Mileaga Interval iN 5 Al
: Time Intervai N 2 WEEKS
|
1
i
|
Figure A-4 Reference data transit vehicle

fleet information.




DATA ELEMENT e B2 uwiTs
Transit Property ID A 2
Fleet IC A/N 4
E
Number of Buses N 3 BUSES
Bus Manufacturer A 16
Dimensions: Length N 4 FT
: Width N 4 FT
: Height N 4 FT
: Wheeibase N 4 T
Turning Radius : 'Wheeis N 3 FT
: Body Corner N 4 FT
Speed : Maximum N 2 MI/HR
: Maximum Operating N 2 MI/HR
Acceleration : Nominal N 3 MI/HR/SEC
: Maximum N 3 MI/HR/SEC
: Minimum N 3 MI/HR/SEC
Ceceleration : Minimum N 3 MI/HR/SEC
: Maximum N 3 MI/HR/SEC
: Nomincl N 3 MI/HR/SEC
: Emergency N 3 MI/HR/SEC
Jerk Rate, Mominal N 3 MI/HR/SEC2
Weight : Empty N 5 L8
: Seated Load N 5 L3
: Normat Standing Load N 5 Le
: Crush Load N 6 L8
|
t
|

Figure A-5 Reference data transit vehicle

specification information.




- DATA FIELD |
DATA ELEMENT TvPE LENGTH UNITS
Transit Property 10 A 2 -
Fleet ID AN 4 -
Subfieet ID A | -
Number of Buses N 3 BUSES
Bus Manufacturer A 16 -
Doors: Front; Manufacturer A K3 -
: Rear; Manufacturer A & -
Air Comfort; Heating;
: : Manufacturer A 6
: Ventilation: No. of Blowers N | BLOWERS
: : Manufacturer A 16
: Capacity, Totai N 3 CFM
: : Fresh Air Make-Up N 2 %
s Air Condmonmg Capacity N 2 TONS
: Manufacturer A |16
Elactrical : Generqtor: Type A 4 -
H : Cold Output N 3 AMPS
: s Cold Output M 3 VOLTS
: Starter  : Type A 4
: : No-Load Voitage N 2 VOLTS
: : Manufacturer A 18
Engine : Modal N é
: Displacement N 3 CU. INL
: Manufacturer A 16
Brukes Front : Type A 12
: Manufacturer A 16
Reqr' Type A 12
: Manufacturer A |16
auspensnon, Sreermg, Tires:
Front Axle, Type A 12
Manutacturer A 15
Pear Axle, Type A 12
Differential Lubricant Cagacity N | 2 PINTS i
Manufaeturer A 16
Steering Gear Transfer Box. Type A bo12 '
Manufacturer A 16 :
Power Steering Gear, Type A 12 !
Manufacturer A 16 !
‘Nheels, Type A 8
Manufacturer A 16
Tires, Type A 3 !
Manufacturar A 18 !
Transmission : Tvoe A 12 |
: Manufacturer A 16 :
: Oriveshaft Type A 12
: Marvfacturer A | 16
|
| !
| i
Figure A-6 Reference data transit vehicle
configuration information.



DATA ELEMENT Wae  ITED L uniTs
Fuel Supply : Tank, Capacity N 3 GALLONS
: Fuel Filter, Primary, Type A 12
B , Manufacturer A 16
: , Secondary, Type A 12
, Manufacturer A 16

Figure A-6 Reference data transit vehicle
configuration information (concluded) .




p—— % (ES ] o
Trensit Property IO A 2
Flaet ID A/N 4
Bart Nemenctiature A/N 40
Manufacturer A 16
E Manufacturer's Pert Number A/N 2
| 2roperty Nurmoer : Part AN 16
l : Stock A/N 15
: MIS Code A/N 18
Quantity in Service N 8 PARTS
Failure Rate : Mom. Spec. N 8 MMBF
: Last Reported N H MMBF
MNext Sigher Assy. P/N A/N 24
Cost Par Part: OEM N S 3
: Latest N 3 s
Fhysicat Characteristies: L x N x M N 12 IN
: Weight N S L3
Parformancs: Capacity/Rating, Nominal & Units A/N ]
: Capacity/Rating, Overioad & Units AN 10
Number in Service N 3 PARBTS

Figure A-7
i

specification information.

Reference data hardware
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APPENDIX B

DYNAMIC DATA FORMATS



DATA ELEMENT

DATA  |FIELD
TYPE  |LENGTH UNITS

Transit Property 1D
Fleer ID
Bus Number
Date, Reporting
Period Reported: From (Date)
: To (Date)
Mileage: Period
: Cumulative
Operating Hours! : Period

: Cumulative

If Mileage not Required.

A 2 -
A/N - 4 -

E N 5
N 6 MO/DY/YR
N & MO/DY/YR
N 8 MO/DY/YR
N 6 Ml
N 7 Ml
N 4 HR'S
N 5 HR'S

Figure B-1 Dynamic data transit vehicle utilization.



DATA FIELD

DATA ELEMENT TYPE LENGTH UNITS

Transit Property ID a 2 -
Fleet I A/N 4o -
Bus Number N 5
Date, Reporting N 5 tAQ/DY/YR
Pariod Reported: From N 6 MO/DY/YR

: To N 6 MO/DY/YR
Fuel Consumed N 6 GALLONS
Yendor A 5 -
Qil Consumed N 4 QTS
Vendor A 5 -
Coolant Consumed N 4 GALLONS
Vendor A 5 -
Tires N 2 TIRES
‘Yendor A 5 -

Figure B-2

consumption information.

Dvnamic data transit wvehicle




DATA FIELD UNITS

DATA ELEMENT TYPE LENGTH

Transit Property 1D ' A 2 -
Fleet ID A/N qos .
Bus Number N 5 -
Date, Report N 3 MO/DY/YR
Mileage, Cumvulative : N 7 Mi
Operating Hours, Cumuigtive! N 8 HR'S
Report Mumber, Reference A/N 8 -
Road Cail/lncident: Date N 3 MO/DY/YR

: Time N 4 HR/MIN
When Discovered A/N 2 (CoDE)
Where Discovered A/N 8 -
Trouble Symptom A/N 4 (CODE)
Conseguence to Vehicle or Coach A/N 2 (CoCB)
Related Report Number A/N 8 -
Affected Hardware A/N 8 (CODE)
Incident Marrative A/N 120 -

lif Mileage not Reported,

Figure B-3 Dynamic data transit vehicle
road call/incident information.




| DATA

FIELD

l'f Mileage Not Reported.

DATA ELEMENT Tves LENGTH UNITS
Transit Property ID A 2 -
Fleet ID A/N 4 -
Bus Number N 5 -
Date, Report N 6 MO/DY/YR
Mileage, Cumulative N 7 Ml
Operating Hours, Cumuiative! N 4 HR'S
Report Number, Raference A/N 8 -
Inspection: Date N é MQO/DY/YR
: Time N 4 HR/MIN
: Maintenance Shoo A/N 4 (C0oDEg)
Inspecrion Type A/N 4 (CODE)
"Expendable” Supplies - - -
Part: Number A/N e -
: Name A/N 24 -
" Yendor A (6 g
Location on Car A/N 8 -
| Quantity N 2 -
Unit of Measure A 4 -
Repairs - - -
Part: Number A/N 16 -
: Name A/N 24 -
: Vendor A 16 -
Location on Car AN 8 | -
Failure/Cefect Code A/N 4 | (CCDE)
taint./Repair Code A/N 4 (CCDE)
Quantity Replaced N 2
tloosed Time N 5 =R'S
_abor Hours 3 _BR HR'S

Figure B-4 Dynamic data transit vehicle
scheduled maintenance information.




DATA ELEMENT e T UNITS
Transit Property ID A 2 - i
Fleet 1D A/N 4 - '
Bus Mumber N 5 -
Date, Report N 6 MO/DY/YR
Mileage, Cumulative N 7 Mi
Operating Hours, Cumulative! N é HR'S
Report Number, Raference A/N 3 -
Maintenance : Date N 6 MO/DY/YR

: Location (Shop) AN 4 (CODE)

Part: Number A/N 16 -

: Name A/N 24 -

: Vendor A 16 -

: Location on Car A/N 3 -
Failure/Defect Code A/N 4 (COD%9)
Primary/Secondary Failure Code A/N i (CODE)
Mgint./Repair Code A/N 4 (CODE)

Serial Number: Removed N 16 -
: Replaced N 2 -

Quantity Replaced N 2 -
Replacement Part Condition (New/Used/Second) A | (N/U/R)
Inspection Code A/N 4 (CODE)
Elapsed Time N 5 HR'S
Labor ours N 5 L3R HRS
I{f Mileage not Reported.

! i

|

|

|

| |

Figure B-5 Dynamic data transit vehicle
repair information.



DATA ELEMENT P UNITS
Transit Property D A 2 -
Fleet ID A/N 4 -
3us MNumper, Removed From N 5 -
Date, Report N 8 MO/DY/YR
Report Number,. Reference A/N 8 -
Part (Repaired): Number A/N 16 -
: Name A/N 24 -
: Vendor A té -
: Location on Car A/N 8 -
: Seriai No. A/N 16 -
vaintenance : Date N 8 MO/DY/YR
: Location (Shop) A/N 4 (CODE)
: Type (Unit/Batch) A ! (/B
Par: Removal : Report Mo., Reference A/N 8 -
: Failure/DCefect Code
Part Reoair - - -
: Failure/Defect Code A/N 4 (CCCE)
: Part : Number A/N 16 -
: Name A/N 24 -
: Yendor A '6 -
+ Quantity N 2 -
: Maint./Repair Code A/N 4 (CCDE)
Elapsed Time M 5 HR'S
Labor Hours N 5 L3R =R'S
|
|
|

Figure B-6 Dynamic data transit vehicle
component repair.




APPENDIX C

STATIC AND DYNAMIC DATA EXAMPLES



VEHICLE MAINTENANCE-SURFACE
VEHICLE TECHNICAL DATA

FOR VEHICLE: 7557

YEAR: 1973

MANUFACTAURERS ID: GM TDHS5307A

WEIGHT: 22,907
WIDTH: 8' 5 3/4"
LENGTH: 40' O"

WHEEL BASE: 284 3/4"
TURNING RADIUS: 42' 3"
SEATS: 50

BUSES IN SERIES: 483 .
AREA ASSIGNMENT: 267-North Park
ENGINE: GM-8V-71N
DISPLACEMENT: 567.0 Cu In
COMPRESSION: 18.7 to 1
POWER/RPM: 239 @ 2000
TRANSMISSION: ALLISON VS-1
AXLE RATIO: 5.57 to 1
FUEL CAPACITY: 125

GOVERNOR SPEED: 45-50 MPH
DELCO REMY AMPS: 300

AIR CONDITIONING: YES

Figure C-1 Reference vehicle specification information (CTA).



WHEEL I TURNING

SERIES | YEAR| LENGTHK | WIDTH iSEATS| BASE RADIUS
4051 1973 40°' 0" 8°5 3/4” 50 284 3/8” 42°-3"
5258 1976 *40°8" 85 3/4" 50 284 3/4* 42°-7"

* | 800804 | 1965 40' 0%~ 86" 50 285" 43’8

1000-1524{ 1972 40°-0" 85 3/4" 50 284 3/4" 42°.3"

7412.7944¢ 1973 40°0" 8°'5 3/84" | 50 284 3/4” 42°-3"

9000-9589{ 1975 *40°6"” 8'53/4” | 50 284 3/4" 427"

9607-9799| 1976 *40'8" 8°-5 3/4” 50 284 3/4” 42°-7

*Energy absarhing bumper

AM GeneraI/M A-N

T“TI S O O e
(@) :QOL, @) e

feelE)a g BB B EER Tne)
BE e EiE S EEEEE) @w

)

J

]

1
cidl
i

.‘-a

WHEEL TURNING
SERIES [YEAR | LENGTH | WIDTH |SEATS| BASE AADIUS
Tractor:
222718
Trailer:
7000-7019( 1979 |S56°-05/18'f 8 -6" 64 255%" 41 -4~

Note: Turning redius given for the
outside front corner of bus.

Figure C-2 Reference vehicle specification and fleet
tables information (CTA).



GM
oo
——i0 )=
U0 =
U=000000—

(|
WHEEL TURNING
SERIES | YEAR LENGTH WIDTH | SEATS| BASE RADIUS
v | 300-449 I962-6Jl 40'-0 V/2'' | 8.5 3/4"" 50 284 3/4* 42'.0"

Fixible

il
i

==
e A0000 =

st

WHEEL | TURNING

SERIES | YEAR| LENGTH | WIOTH [SEATS! BASE RADIUS
26-31 1866 |35'-115/16"] 86" 42 225 357"
+ [ 3000-3239| 1968 | 40°.3 1/8™ 8’8" 50 28§ 42°5°
* |3240-3244| 19685 | 40°-3 1/8~ 8'6" 50 285" A2°5"
* | 3306.3440| 1966 [35'-115/16'] 8'6" 42 225" _-7
s | 3500-3699(1966-67] 40°-27/8" 88" 50 286" 42' 8"
- | 37003729} 1969 40°-0 15/16'1 8°0" S0 285" 40°6"

~ |3730-3875{ 1968 |40°-0 16/16"] 8’6" 50 285" 411"

Figure C-2 Reference vehicle specification and fleet
tables information (CTA) (continued).
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REPQRT OF VEHICLE

MILES OPERATED - MONTH OF:

YEAR:
‘:ésL! wiyEaGl l '!:;?Ll uiLELGE 'l:;?’-t MitEAGE ; VE:é?L[ l! wiLEAGE
3 1322 1722 1w |
29 1406 1725 1321
37 1503 1726 nTaaL
28 1504 1727 18754
17 1503 1728 137841
31 1519 1733 | 1377-L
52 1537 1301 | 1578-L
53 1533 1302 j 2015
54 il 1539 1303 2019
0| 1540 1504 | 2043
L35 1541 1805 o250 |
[ a29 1542 1306 | 2138
| 822 1543 1807 I 2120
i82a 1544 1808 2145
225 1543 1309 2146
aze | 1546 1319 | 2761
1224 i 1547 1811 2184
1267 1543 1812 7932-L
1770 1549 1213 7333-4
| 127 16183 1814 1] 7931-L
1272 1619 1815 7935-L
1273 1520 1215 7936-L
127¢ | 1822 1317 79531
1275 y 182 1313 7R aL
BE IREA 1319 | 7935
grand Total Yehicle Milsage See %3rme 2
1. Llist all Yehlcles [n fleet on sach Pvport, inactive as well as active,

1.

Renort separatsly by vehicle nuaber, ailesge operatsd in the dellvary of vehiclsa
purchased. Idantlfy as delivery sileage |n regort tbove.

XQTES:

€ SERTIPY THAT 48QVE REPORT [WCLUOES ALL NOW=ALYENUE v egVENYE «ILES Rum 3T OUR VERMICLES £QuUIPPED
TROLLT CR PAATIALLY wiThH TIRES Qun€d 5T THE GOODYSAR TIRE | NUIIER COulamy INCoROSRATYD,

Fimn xang

Figure C-3a Dynamic utilization information (SEMTA) .

C-5



REPORT QF YEM[CLE MILES SPERATID - HANTY 4F:

2aqe 2 TEAR:

[ YEMICLE

veaigie | E[ vemizyg vesrens
e, PR A al. wiLfisr ” . LIRSS X-14 e,

|
1 siLPAgy
|
|

! i

1
I
|
I ! E
i
]
t

g R SN

— ]

S B e o o S

—_

2.

drind Total Yehicis Kilaeage

izt all venicles In fleet an esch regsors, Inactive as weil as ac%lve,

2e30re sacarately by venlels auader, nileage operaled In the delivery o verhicles
surchasad, tdentify s» delivery eilasage in report abdave.

yOTES:

1€ SIATIAY Thal 48CYE CLPARY (NGQLUSES ALl VAN=AEYCNYE ame TEVERUL wilE3 tuN fY 2uR (ERieLLS tquisege
TRPCLLY 33 J4qTIaL.® ¥i%n TINES QWwEO 47 TRE S3CIr€am Timg QUOBER I3wJiat INCOPPGAATEAR,

Fiam aame_ ST TA/0akland Jivisien

Sacretary,

37 TITLE “vrmaranznca 'y caman
TITL o s3nannes

Figure C-3b Dynamic utilizaticn information (SEMTA).
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TROUCLE CALL

TROUELE CALL ND

J’n-n_-g A=
CLACm MO TROUTE Ivo ;aur- [+ DFERATOA | O e |LaTE REFDIRTED
1
NO.! DESCRIPTION OF PROBLEM
1
2
}
3
4
LOCATION OF COACH HEADING
On Os Oe Ow
FACTION REQUESTED CALL RECEIVED BY TIME RECEIVED
COACH Oam
O crnance O roap caLL O soTH O
PM
MECHANIC SENT
NUMBER WRECKER/VEHICLE NO. TIME OUE
Oam
Oem
OPERATOR SENT
NAME RELIEF COACH NO. TIME DUE
0 am
Oem

0751 (Rev. §/79}

Figufe C-6

MAITENANCE

Dynamic road call/incident information
(METRO (Seattle)).
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REPAIR TYPES

FErmIAL OEIN TRANSIT AUTHORITY g=-31 CHETR L LT m APPOIINATE 8O =Y,
WNRK O0RNFR ‘4

FRONMT ANLE 2

VILTAGE | [32avzs, rronm 92

COACH

PROSLEM CORRECTIVE PROCEDURE éHé; TRAME 05
STIERIYG n?
w
T {SUSPENSION N8
v
Zls7s. AIR sys. e
WHFELS 10
) 3TARINGS 11
TURRINF REPLAGE[LZ
CLUTCH, REPLACHL3
. Enws. RFPLACE {14
i ZioRIve SRATTS 15
i | E|TRANS. RFRUILD [16
= { E[TrANS. 17
ExTug ~——==  ACCOUNT NUT{BER COMPORENT CHANGE
: TEXTHS . e —7’ OCT “In ATR INTAPE SYS.16
B g emeLvit wil !l ShES
MONTH! DAY HOURDA MELDVEE » theL Tenerator generator COOLIMG SYSTEM |19
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_Fiéure C-7a Dynamic repair information (COTA).
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"Figure C-7b Dynamic repair information (COTA).
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COACH REPAIR RECORD

<WAITE MEC~ANIC ND 8 REPA IR 2309 2720 «CIRSLE AEPAIR

0s- rakes - Generat 12 Enc:ne - Generat 26 Coacri_intenorsiSigas - Gen
GS-96_ Raziaze 3raxe Cvlinger 12.7%  Aez ~e G 25.152 Luze S¢n
CZ 'CE Lude ams Acust Srakes 12187 Rec.acs Tiznter Line 28:337 Reziaze’3gn
05126 Reciace Staxe Agoi Vaive 12795 Reoace Sgarver 25 228 Sectace Seat
G3-1¢7 Rote. Diapnraam (Per Ciall 12:193 Qvernayl 2ngine 2523 Recar Sign
05130 Reoiace Siack Acjugter 12201 Tune Engine 28220 Resair/Clean Seat
CS5 131 Reline Srt. 3rakes |2 Wheets) 12400 T.gnten Sngine Boits 28-250 Reciace Sesr Cushion
05131 Reiine Rear 3raxes (1 Wheel} 12-430 Razbdiace Injectors 25-4G2 Tignten Interior Baits
G3-132 Reniace Soring in Braxes 12231 Reniace Fan Hub Seal 25-437 Secure Stancnign or Railing
G133 Acjust-Lude Hanabraxe 12-432 Repiace Air Fiiter 29432 Sezure:Fesair Flooring
05213 Ciear Srake Orums 12:433 Reodlage Valve Cover Gasket 28-332 RAesair_fediace Curtain
05414 Taoolev Tes: 12-234 Aoic. Sazine O Pan Gasxet 28420 Roic.'Recr. Transfer Currer
05-415 Aoic./Reor. Ad|. Srake Ped. 12:4323 Recair; T.ean Awr |ntaxa 28541 Replace wWnee: 3lacxs
05-457 Reduilg Siack Agjuster 1273 Apic. Ace. Drive Cover Gask. 26-442 Reoiace Fire Sxnnguisner
Q5-487 Rezair Hill Hoiger 12-474 Roic. Hand ole Cover Gasx. 28-482 Fesiace Transtator
02- Axie;Differennal - Generai 12:475 Resuiig Fan Unit Comoieta 28432 Reprace Aun Cara Moider
02-100 Rec:ace Parnial Axie 12:475 Adjust Vaives 25286 insize Ciean
02-101 Rediace Ditferenual 12:477 Reoiace Engine 28. Soeedometer - General
02:107 Repiace U-Joints 12-478 Steam Claan 29-158 2o:c., 3eor. Sogom Cable
02202 Reoiace Differennal Gasket 16 Clyten - Gensral 29-226 Reoiace Soeeaomerer mmae
Q2232 Tisrrtan 3cims (Axie Dirrer ) 18-172 Acjust Ciuten 25247 Roic. Soesgomersr Serger
02405 Rasiace Axie Seal in Wheael 11. Transmission - General 29«43 Apic. Socomer Plastie Disk
Q02-4G5 Renlace Resair Axle Plate 11.77  Agz Torgue Flud 32. Throrse - General
02-237 Reoiace:AqQ). Whess Baaring 11134 Agjust Linkage 32-134 Aogrust Tnronte Linkage
02-382 Roic. KingPin Greass Fitung 11-158 Reoiace‘Repair Cable 32-13€ Luoe Throtte
3 Stesnng - General 11.172  Agj Clutzn or Transm:ssion 32.447 Roic Throttie Air Cviinder
35.230 Balance Whee Tire 11-173 Rpie. Transmission Governor 32-448 Rolc./Repid. Throtile Pecal
35275 Acjust Steering 11-180 Repiace Renair Mag. Vaive 36- Heater - General
35276 Repiace Tie Rod Snas 11183 Reprace Smit Ram 36-158 Lupe Heatar
35200 Tignten 8ol in Steering 11.187 Roic. Razair Tignten Line 36-181 Reoiace Heater Moror
35450 Aga Fluid or Lupe Steering 11-400 Tignter Soitsin Transmission 36:232 Acjust Sesair Gragustat
35<63 Rotc. King Mns & Busnings 11-423 Acle, Trans. Sear, O-Aing 36:288 Reoair Heater Contrurs _
35389 HAopic. Power Steering Line 11423 RAote. Trans. Inner Seal 36-230 Tignten Soits in Heater Syst,
35-470 Reolace Steering Engine 11425 Reolace Transmussian 3651 Reor,/TigntenVaive m Heater
3571 Align Front &nd 11-426 Reniace Transmission Filter 6-487 Reniace meater Core
33 Suspension - General 11.427 Reptace Trans. Qif Cooler 1- Driver Seat - Ganeral
33:-258 Adjust Suspension 11429 Replace/Reoair Quiii Shaft 1-153 Lupe Driver Seat
35-270 Reoiace Awr Ba 11-430 Agy. Transmssion Governor 1-238 Reolace Driver Seat
33-272 Reolace Level Vaive 11.431 Chg./Reor. Vaive in Trans, 1423 Tignten Qriver Seat Soits
35:273 Reoiaca Snock Aobsorpers 37 Exhaust Svstem - Generat 1482 Renlace Driver Seat Ac;ment.
33-274 Rgle, Shk. Absorber Susming 37:293 Roic./Tigntn Boitsar Clamps 1483 Roic. Driver Seat Air rose
33-200 Tignten 3o1s in Susoension 37294 Reolace Muftier
33-439 Rok.;Reor. Brace Rods or Link 37400 Tignten Beoits on Mutfier
33472 Reotace Level Link | RO R NS —
21- Tires and Wheeis - Genersi e S
21.229 Replace Tire:Wheel DOV SIS0 4 04 Electrical Systam - Ganerai
21-230 Baiance Wheei ) 04-113 Reorace 3ud
21-<00 Tignten Wheel Boiss e3. Body/Chassis - General 04-117 Adjust Heagiamo
.| 03-250 Reciace Chassis Sracket 04-118 Reoiace Heactamp
k—-— > BT AR PR TR 03403 Fill Window Wasner 04.122 Repair Wiring or Connector
- G303 Repair/Securs Boay Panei 0412« Reciace/Repar Switen
15- Cooling Systam - Generai 03-473 Luoe/Adjust Boay Hinges 04-153 Reor 'Clean Plugs or Sockets
15.72_ Ada Coolant 03-480 Straignten Turntale 04247 Reolace Senaer
15128 Lupe Cooling System 06- Doors - General 04-254 Reciace/ Reoair Relay
15187 Reolace/Tignten Water Line 06-139 Repair/Adjust Door 04-410 Repiace Lignt Saitast
15208 Replace Ramiator, 06-158 Luoe Door 04-411 Roic..Repr’ Buzzer or Beil
15-209 Reptace Shurter St 06-304 Aevair Door Interlock 04312 RAcic. Reor Gauge or Meter
15210 Rapiace Water Pyumo 06415 Rois. Ad). Door Sensor Edge 04237 Reoiace Lignt Fixture
16-260 Reoiace/Repar Srackat 06481 Reparr Door Contrors 04-282 Reset Switen or Cirquit Brkr
15400 Tignten or Reoiace Bolts 06-482 Recr Adi Wheset Chare Lift 14122 Rezair 'crizion Wiring
15432 Reoiace/Recair Surge Tank Q8- Swipas - Generat 0. Horn - General
15436 ReciacesRecair Fan Shroud Q9-160 Reciace Wiper Arm or Blade 30-122 Resar Hom Winng
15<158 Repair Shurters 09-1€58 Agy. Wiger Arm ang Travel 30-244 (Clean ' LaberAgjust dorn
13- Fus! System - Genaeral gg-=21 Tignten Wioer Contross 30445 Replace rarn Contacts
13187 Reolace/T gnten Line 0983 Reor Role. Siuig Container 08- Bartery - General
13-202 Reoiace Zuei Gasket 09384 Razarr Windshierc Wasner C8-149 Az, 23terv Tie-Down Straps
13:202 Reoiace Fuet Fiiter 10- Directional Signais - Generai Q8.183 ace 3artery
13-204 Replace Fuer Pumo 10-113 Roic Juid in Turn Signais 08-1556 Reolsce 'Reosair Cabie
01- Air System - General 10-122 Resawr Turn Signal Wining 08157 Ciean. Tignten Cadie or Term,
01-90  Replace Air Comoressor 10-187 Rentlace Fiasner 08478 Ace Battery Fluio
01-95  Agjust_Awr Reguiator 10-168 Repair Socket 08418 Charse Sacteries
C1-32  Rolc,., Repair Spitter Vaive - Mirrors - General 08229 Reor. Aogjus: Sattery 30x
01-187 Remiace/Tignten Line 31.257 Repiace Mirror 08.490 Jumsg Stars Caacn
01-40C Tignten Boits or Clamos 31-400 Tignten Mirror 3oits 07- Generator/Regulator - Gen.
0101 Rotc. Comp Base Gasket 31428 Repair Mirror 07-148 Agjust Seits
C1-402 ReoiacerReparr A Dryar 80- Windows - Generai 07150 Reor Agy. Voitage Requiator
01-403 8o1c. Air Cornp. Air Govern 8C-292 Reoarr VWindow rFrame 07-131 Aolc., Reor Alt or Gen
22 Service Change 80-300 Reotace Winaow Glass 07-i52 Reorace Reculator
23 Careoax . Generat 20201 Clean A.ngow 27477 Sapack Altérmaior Bearing
23:232 Replace Farabox 206--00 Tignten Winaow Bolrs 07-29% Jeoiace ater Suliey
73-452 Check Aceidant Damage 80-454 Lupe-Ag) Free Up wingow 37.392 Regiace Artic Seirs
75- Vandahism 23.453  Appiv Seaiant to Wingow 26 Raaio - General
79453 Clean Coaen Intenor 80-<81 Ropic. Winasnieic or Wioers 24.235 Resiaze R3gi0
REMARXS JOATE SONPLETED |FOREMAN SIGNATURE
| MO ay va |

Figure C-8

Dynamic repair information (METRO (Seattle)).

c-12



APPENDIX D

PROPOSED REPORT FORMATS






*UOT3eZITTIN ATYjuow sngq FTSURI]
uweibord uotjewIoFur AITTTqRITEX FTSURLy | T-d aanbtg

1] 000t o00's 000°08 0ZTOS-HNY Y
(/] 000t 000’ 000°0S 0ZZHSONY 10¢
coo'oLl 000°6 000°11 000°09% 18201ES- X 14 v
000°08 000’y 000'8 000°00Y [3:1478%-0 & F} kA4
000°09 000°S 000’8 000091 LBZOLES- X4 1174
0000 006°01 000’8 000°05b E0ZHBL-DWD v
0 008 000's 000’05 €0THEL-OWD €0l
000'sL 000°t 000 000°00¢ €OZHEL-DWD ol
000'59 000t 000°s o000t £0ZHBL OWD 10t
Hv3IA 1SV aomad aoiyad SINW (13Q0N-INNVYI) yaawnn
s3I 18VY S3TIN SIH1 S3TIW FALLYININD arL33g sng
NXXXX ALHIJOUd
AAIOQQNVW o)
10 o obeg AAR/QOMNN wiosy
AAIQO/WW e1eq wodey :popeg Suppodey
L00 :oN oday ‘10 NWE :sdAp wodoy




*uUoT3eZITTIIN ATYjuow sng JFTsueI]
wexboxd uotrjewrojur AJTTTQRIISX JTISURILL ' g-d 2InbTd|

£95'2 000°80¢ ££'81 000°02¢ £99'12 000°009'C ozt v

Gov 000’8 003 000’01 000°'s 000'001 oz 0ZZOS-HNY

000'E ©00'00t 0oL’z 000°0LZ 0009z 0000057 oot £0ZHBL-IND
qQuod3y LSV 00ly3d | aolyad Sl aolyad SNA/S3TIN s3TIN s3sny (VI00W-INN VW)
sng/sITn 18VY 53T SNG/Sa W | StHL SITw W WwWNnI IvioL IALLDY ar 133714

XXXXX TALYIJOHd
AA/Oa/mw oy
10 0N efeyg AA/QO/WIN 101y
AA/OQ/RW meq 1oday sporteg Bunsoday
100 :oN wodey 20 NG :edij wnday



"UOTIRZTITTIN ATyjuow sng 3ITSURI}

uexboad uoTjzewrour AITTTYRTISI 3ITSURLL ¢-d oInbBTg\

[ 5:1%4 000°002 gz 000'093 v'v 000002y {74 )

000°2 000°'00¢ 898°t 000092 000'02 000°000°C oat LBZOLESX 1Y £0000

£ee’t 000°001 EEL'L 000’001 000’98 0000021 72 €0ZHR1-DWD 20000

000'E 000°00E oo’z 000°012 000°SZ 000°005°Z oot EOZHBL-OWD L0000

aolyad isvi aoidad aoiy3d SIHL aoiyad sng LEREY] £3snN8 § {(1IQOW-INNVI) ALH3doud
SNB/SI TN ASVT SITUW SNA/SITIN | SIHL SITW 1S3 WNO WNI vioL ALV B EERF]

L0 :op ebeyg
AA/QQ/WIA :o1eg Moday
100 :OoN Lodey

$3114340Hd 1V

AAJOQ/NN o
AAIQa/m wosg
:pounyg Bupisodayy
€0 NWA :edAL uodey




*uotxdunsuod Afyjuow sng JTSURI}
wexboad uorjewxojur AJTTIQRITOI JISuURI], §F-d 2INHBTJI

€ 0009 000’9 oe L.TA4 aw £9 o0t o0t o', 000°'0E 0ZEHS WY Ty
€ 0009 000’9 (4] aty L:144 €9 one 00t 000'01 000'0E 07295 DNV 214
1 s’ 000°Z ozt 99 959 €9 oov SHE oot’s 000°S¢E COTHRL-OND TV
n 030’y 000’y o9 ore L > gy ooy ono'9 000°02 ENZHAL-IND ot
t 009°'L (024 aL ony 009 or o9t 99¢€ o'y 00091 €0ZHAL DND m
aIIVISIY aoyad A¥vno ANVI00D aoiad iwvno | (10} o aowad Yo | (VD) 13N aoad 1300W JNNYW) | NITNNN
sS3IULL 18Y71 04l 331N wi0L 18V DI 53w wvioL ASYT 9daW 837w Tvi0L| SIHL SINN orLIIe sna

WXNAX A FHIJOY AA/GO/WW (oL

10 :oN efieg AA/OQ/WW wosy
AAIGO/AN :e1eq podey poting Bunroday
100 :oN jtodoy 10 2Wwg :edAg yinday




‘uotjdunsuod ATyjuou snq 3TsueIl
wexboxd uorjewxogyutr AITTIQeT[SI 3JTSuely &S-d 2xnbrg

a8 -7 4 rer'e 508 (4] (2] ovro’s we 19 000'a9¢L 000'099°Z o€l T

14 000’9 0o0's o9t ay ay 080’1 00E 00 000°00¢ [l oe 0ZZ9S 9NV

03 9uL'e 008°E 829 sba a5g (154 o'y SB'E 000755y 0000918 oot BOZHBL OO
aadviIday aoigad 10 ANVI00D aoiad 10 § (A0} N0 aow3d wo o) 13nd aQoiu3dd s3asng I300W-4NNVYIN)
s3ulL 18VT DI 83T IvioL 1SVT 0N EALL ] wioL 1SY7 odn %370 TVYiOL § SIHL SIUN IALIY [JUEERF]

X000 A LYISOHd
AAQOIWW o)
10 0N eBeg AAQQ/NW :utosy
AA/GQ/NW :e1eQ Lodey :pojeg Supsodoy

100 :oN wodey Z0 owg :edAg vodey




‘uotzdumsuodo ATyjuow sng }TSURIY
werboxd uorjzeWIOIUT AJTTTIQRITSI 3ITSURLL 9-d 9aInbtg

o8 00z’ 04z'L 119 ane’y 06°€ 000°30L 000°09L' o3l nv
ot 009't k14 009 £99°L o'y 000’09z 000'000°4 03 igzoles x4 000
o8 008’ aze 899 (1% 4 S8E 00059y 000°09¢°1 ool €0ZHBL-IND tovo
aldviday 10 1NVI002 10 | {10) MO v ) 13nd aoiuad s3asng (1200W-INNVYW) ALHIJOud
s3uL sanw wiol 53U wvioL S3UNW V104 | SiHL S3TIN IALDY al 43374
S311Y3d0oYd 1TV Y r——
10 0N ofieg

AA/QG/WWN :91eQ Modey
100 :op Vodoy

AA/QAMIN w0l
:pojsay Butioday
€0 JWA :0dAg wpoday




*sSTTeo prox pue suotiloadsuTr ATyjuow sng 3TsueIly

uexrboxd uoriewWIOIUT AFTITARITSI JTSURI L-Q 2aInbTJ|
] 000°9Z t [ Y1 3 o00'sz COZHAL IND nv
~ 01588000
onbrag—g
] o000l vopsjuiy ] DO0'R ne-3 1 4 000'04 €0ZHEL-IWD ot
Aiojeg-g
[} 000 oxerg-v 9 000'a €ozHBL-OWD 108
3$1Ivd avoy TV GIATOANY $1IVO avoy JSNG SWILSAS/SIJAL BND1LD34SNY aoiyad (1300 ANNY) | UIBWNN
AVIAUNIS Gvou/s3INW W3IL1SAS IvioL CERLL] NOILDI4INI Iviol 81 SITIN ariaangd sne
-40-1N0 ‘ON

10 0N ofey
AA/QO/NW :0eg podey
100 :oN Modey

Hxxux A 1H3IJOHd

AA/QQ/NNW o)
AA/GO/NW wmiog
ipopag Bupsoday
10 Hiwe :edA) vodey




*STIeD peox pue suotilosadsutr ATyjuow sng JITSUeI}
wexboxd uoTjzeWIOIUT AJTTTYRTISI JISURI]

g-a o2aInbtg

o8t ono's (524 09L’e 009 000°032°2 oal n

o9 0009 0oL 000y [1:14 000’000t [ tgzolcy x4

ot L1014 m 19'e L1214 000'092°L 00t £0ZHBL- DN
S1IVYD avoy TIvI avOoM 11y avoy JSNE SNOILDAISNT LERILL] sasng TIAOW-INNVYW|
ADNAUIS 53N vioL £3UN Ivios wvioL JANINDY ar—-13314

-40-4N0 "ON
WAXAK A LHIJOHd
AAIGO/NW 0L
10 :oN oleg

AA/QO/WA :ong noday
$00 :on noday

AA/QOMIN w0y
poited Buninday
20 Hiwg :edAg veodey




_ .mﬁamocmouwnmmGOﬂuommmaﬂhﬂzucosmsnuﬂmcmnu
lurexfoxd uoTjeWIOIUT AATTTRITSX JTSuRI] 6-d 2Inbt

o8 018°E 1424 18z'y e €EE'ees 0ot 1112
o 000'¢ as 009'E 001 000'09¢ oot 0rzos-onv z000
oL 168’ 13 *"we'v :]8 EEE'ERT ooz £0ZHB1-JIVD 1000
877vD avou TIVO avou $71VI avoy 49N SNOILDZISNG aoiad s3sne 1300w 4NNV} AlH3d0Hd
ERIGUE - s3I Ivios 830N Iviod BIHL S3 N IALIOV ari3aad
40-1N0 "ON
S31LYII0Hd TV AAJQOMN oL
10 :oN oBey AA/QOMW 1wosg
AA/QO/WNW :01eQ Luday :popseg Bupiodayy

100 :oN Modoy €0 UIVIA :0JA) viodoy



wexboxd uorRWIOIUT AFTTTYRTITSX JFTSURI]

‘sTTeRO pEOI pue suoTildadsuT Afyjuow sng FTsSueI}
0T-d @In

bta ___

ora
ov-o
sER
11:1} eng'y arv :741 ooo'ees 098 v
g9za
913
e
9i 09’y oY 9 000°09¢ noL £0ZHAL-IND 2000
|z
sza
B0t [1:1>4 4 onv oot 000'8EY o9 €Nz OWD 1000
STIvd avoy dSNT AL SNOILLIIASNY aotyad s3snn {13a0W INNYWE ALMIJOHA
VoL 19NA/S3ITHN NOTLIISNI IvioL SIHL SITW ANV ar-13372
INIONI :WILSAS
AA/QO/WN 0L
10 0N ofieg AAIGOMW tuiosg

AA/GO/WW :meq Vodoy
100 :0ON 3r0dey

:pogsag Bupsnday
0 YNNG edAg voday



‘uoTjeRULIOJUT JTedax ATyjzuow sng JTsueIl

uexbord uoTzewIOFUT AITTTQRTITOX 3JTSuely [T1-d 2Inbtg

ajv—-i
ruifuly~g

oo 9 coog | sewm-1 4 v 000’y 02298 OWY nv
oIv-i
o3z

008 9 000°C seymg—1i 4 1 4 000’y 07299 ONY 10z
suBug—g
oiv-2
oerg—-g

"o 8 880"t Apog-€ 4 ot 008’ 19201E3-X 14 ny
Apog -2

£e8 4 a9z9 seyeIg-T [/ 14 o0'e 18201 C9-X 14 cot

09L 1 4 - bo /A At 4 4 4 oon'e 18201€9-X 1 ot
sufflug—¢

0so't z onL Apog—y [} [ 2 oot’e tezotea X 1d wt

AININIOVIIIY SINIWIOV T4IY uivdIy a3yIvdeIY sHivdaIy SHIVIIY aoiy3d (1300W-2NNYW) H3IgwNN

83N IvioL NS-NON/SIVN SWILSAS W4 ‘'ON Lol SIHL S3IMTHY ari133td |NA

XXXXX A LYIAJOUd
AA/QG/NN 04
10 0N ofing AAJOC/NVE :wosg

AA/QQIWN :01eQ podsy

100 :oN Modey

spogsng Sunzodey
10 HWg :0dAg 1soday

D-11



-uoTjewrojut xredsi ATyjuouw snq JTsSuURIA}
wexboxd uorjzeWIOIUT AJTTTYRITSI 3Tsuei]  Z[-A 2InbTJ)

o9’ [¥:14 eEr's (341} avy 000'09¥ L-11) nv
009z oy 1224 oE 9% 000001 9z 0ZZGS ANV
000’z oot £EE') 03 00z 000°00Z aol ENZHOL-IWD
ose est (314 18 oLt 000°091 ] 18Z0LEG- X TS
43y SANIWIOV I43Y YivdIy ng SHIvdIy SHIVdIY aoad sasna (1200W ANNVYW)
83T IviOL ‘NON/SANW Wd ON wi0L SIHL SIUN IALOY ar-1334
axuxx A1 HIJOUd AA/GOMNW 0}
10 0N 2824 AA/OQ/WN wosg
AA/QOMWIN ioieq dsodey :popag Bumpuoday

100 :oN Moday Z0 uiNg :adA] ysoday

D-12



‘uoTjrwWIOIUT atedsa ATyjuow sng ITSueI}
wexboxd uotjewroFur AJTTIQRITSX 3ITSuely ¢€1-d 2InbTtg

806t tee 8ze’tL 80T 969 000°08L :124 nv
gev'e 214 €er't et avy 000°09R ozt n €000
000'E oot 000" 12 [1:1) 000°00¢ ool €0ZHBL-OWD 1000
ANIWIOVIIY SANIVWIOVIIIY wivday sHIvdIy sUIvdIy aoyad sIsne 1300N-INNYW] Aluzdoud
ERIL Tvior Wa-NON/SI NN Wd 'ON Iwviol SIHL SIUN IALIY Q133714
S311LYI40Hd 1V AA/OQMW o)
10 :ON 6%eg AA/QC/WN wolg

spoging Bupyrodayy

AA/QGMW t91e@ yodey
€0 HWA :dA) todey

100 :ON Vodsy

D-13



‘yoTjewrojur Xtedoax ATyjuow sng 3Tsuealy
wexboxd uoTjewIoFut AJFTTTRTITSI JTsuely | y1-d 2InbT4

(24 T L] ono’09n oL £OTHAL-OWD (L4
9 z nt 000°03 8T £0ZH8LIWD €nao
L] o [ 000'009 09t E0ZHAL-OWD 2000
ot ot or 000°0Nt [11] ) €ozHRI-IND oo
SINIWIIVTIIIY SHIVJIIY |WIV4IY aoivad sasng (1300W INNVIV} ARLUILOMS
wviol Wd "ON wioL SIHL. S3IINY INILIY [JSEERF]
ST10HINGD HOOd ANV SHOOJ "'W3ILSAS AAQO/MWA oL
L0 ion obry AA/QGMIW 1wn1g
AA/QG/WIN Fing Voday :popeg flupodoy

100 0N nodoy v0 uyweg todAy padoy



*suoT3loe aouruajutew ATxajxenb snqg jtrsuex;
werboxd uorjerwroyUuT AJTTTIQRTITSX JTSURIY,

ST-d 2anbta

144 43 [4:. 41 € 000’9 0ZZO%-INY nv

0’y e 000°e 1 o’ 07ZO8 DY Tot

000’9 q 0001 z 000’z 0zTos DY (1]}
EELRR 12l Uv3IA IUiY W NIIMLIY $1JV "INIVW ao1yad {(1300W-JNNVIV) uIawnN
H3IAO vWann /SL3V LNIYW "ON SITIN NVIN ‘ON 1ML 8ITIN arL3ave N

1D 0N ofing

AAOO/NW tmeqQ trodny
100 :opN Vtodey

XxXxxx A LHIJOUd

AAOO/WW o)
AA/QO/WIN iy
spopeg Ay indny
10 WHON :edAg voday

D—lSI



*suoTj}oer sourudjurew Afrejaenb snq j3Tsuexy
wezboxd uvorjewrojut AJTTTQeRITS2I ITSuUel] | 9T-d 2anbtg

ar 000z atoono o " ' zl 00010z 9 0ZZ0S DY nv

09 [ 24 ) 0z0000'0 1 14 s0z'rt t 000001 ST 0IZ9S DWY Tono

oy o0 L0000 (4 000°02 9 [ ) 09 0rZo% ONY 1000
Hivday oi INIL YivdIY INN YY3A VWBAW §SLOV "ANIVN aotyad $3SN9 {1300 2NNV ALH3dOUd
IV NVYIN IvioL 938/ N 133t/V ‘W ‘ON 40 "ON SIML SIUW JANLDY [IDEERFE

SINVUE WIALSAS

AAIO/NWN 20y

L0 toN oleg AAJQU/WI 1ong
AAIGQ/NN (0w Vodny :poqing Sunsoday

100 :*N oday p0 WHOO edA) tinday

D-16



*UOTJIRULIOJUT 3OUDIDIDI Kyasdoad 3Tsueal sngq jisuell
wexboxd uorjewxOFUT AJTTTQRTITaX JITSURIL

“LT-a °aInbta

AA/QQ/WN :e1eq Uodey
100 :oN uoday

8 89 €z zv8 +18 [44 Sii 0se nw
g 114 214 00St j14 oz [1)+] ool £00
ot ooL (1,54 000t oL :74 [11] 8 002 200
oL SL St 174 ol (174 :74 [13°] L00
{o} 3AVHO HNOH INIL {14} DNIOVdS {NIW)} AVYMAVY3IH (HdW) Q32dS 133714 SITIW J1NnoY [a]]
WNWIXYIN IXVYd DAV didl OAV dO1S DAV OAY DAV Iviol Ivi0oL AlH3doHd
AA/QQ/WN oL
L0 :oN eBug AA/QG/WW woly

:popreg Bupuodey

10 HY

sadAj yodey

D-17



‘UOTJIRWIOIUT SOUSIDIDI I99TJ Ssngq 3JFTsueI] )
weiboxd uorjewroyur AJTTTETITSI JITSUBRLL | §T-d DANDTI

000 67 L1140 ¢ 4 s ot 09 ~HYBT o8 R0 A1 4 a6t not FOTHAL-IND

vea'st o0q'0T o9 ot o9 14 0-8 [ 2] 0-ot | 748 ort 18Z0tFS X

IInd Aldw3 1S4N4IN) 13230 | (SIHIW) TIDDV Hdw) Q3345 ISVETIIIHM HIOIM IHO1IH HIDN3IT IMANIS s3I8%N0 I3coviInrvw)
IHDIM WON ‘WON Xviny SNOISNIWIT N HY3IA IALOY arLIad

10 toN obeg

AA/IQGWW :miEg voday
100 :oN woday

AA/GCIN 0L

AA/QO/WIN wory
rpoisng Bupsoday

20 HY adAy woday

D-18



‘uUOT}ewIOJUT ddousasgsx jusudrnbe sng jTsueil
wexboxd uoTjzeWIOIUT AJTTTIQRTISX uﬂmzmu.ﬂ/ 6T1-a @2anbtd

-4 agy oL 24 4] L]} o 8vELSS [V oot 0ZZHS-DWY
ooz or L 1 2t au st aveirg 80 st - L8ZOLEG X1
091 a0y vz or [} ot ve o98vEZL z0 03 E0ZHBL-IWD
LINN/2SOD Xvry | woN 1|7) AHOIIM AHDI3HN | HIGIM | HIDNID ‘ON 1¥Vd 3009 3DIAUIS NI | (1300W JNNYII
31 1831V BRI N OTSNIWIC HOIN HOONIA ALD vaol a1r13313
[ 4 1eapiosy3 Beso1g semog sbrijop, mo7y Asvy Asueg
ALD IViOL W3ILEAS *ASSY MIHOIH IX3N INVN LBYd HITWNN 1HVd
AAIQO/NN o)
10 0N obey AA/OQMIN (wiosg
AA/OQ/NW a1eg modoy popag Supsodoy

100 oN wodey

£0 HY :edA) uoday

D-19



-sSUOT3O® @ouUrRUSIUTERU IOopusAa 3xodax Terdoads sng Jrsueil

wexbHoxd uoTjPWIOIUT AITTTRTITSI ATSURIY 0Z-d @anbtg

D-20

000’9 11000 oL 00009 oz L18ZOLES-XTd S00 02S€£43Q2 0
000°'GZ $0000° S o0oo'szl s E0ZHBL-OWO L00 ZAXEQZY 10
SLOV “AINIVIN N3IImiaa TN [SLOV "ANIVIN aoty3ad s3sng a1-13374 ALH3d0Hd HIgGWNNN HOAN3IA
SITIN NVIN IS1JV LNV "ON SiHL S3ITIN INILDY 1Hvd
wNYa MNIvHE LNINOJNOD
AA/QQ/NWN
L0 :oN eBeyq

AA/QQ/NWIN :81eQq Moday
L00 :oN Moday

AA/QG/WIN ‘wolg
:popag Bunioday

10 HS

:adAj uoday



*suoT}OR PourUIIUTERW IOpusdA 3Iodex Teroads snq JTSUBRI}
weiboxd uorjzewxojur AJTTIqRTITSX 3Tsuex] TZ-a aanbtg

000'SE ! 000°'SE oL 0Z29S-ONY 200 A0BG9dY s0ys exeig

000’52 € 000'sL gz €0ZHBL-OND Z00 X0/£SOV | Buwiy exerg

19V ANIVIN N33IML3E 19V LNIVIN aoyad s3sng N EERE] AlY3doud ‘ON AN3INOJWOD
SITIN NVIN ‘ON StHL S3TIW JAILOY iuvd

10 :oN eobed
AA/QG/WW :eieq Moday
100 :oN Moday

XXXXX HOANIAAN

AA/QQ/WN  :ol
AA/QQ/ANN swiold
:popreg Bupiodey

20 ys :edAy uodey

D-21



*SpuUaI] SUOTIOR IJdURUIJUTEU 1xodax Teroads snq
3Tsuexl wexboxd uorjzeuwrojut K3TTTgeTITSI 3Tsued]

G861t
'y

Jeap

86l £861 2861

1861
3

Zz—-a @Inbtg

owmp RLAL
J 1

- en Ep N m ED WS D P am AE WD WO G W@ TS WS G D @

WO = SuoNdy eduRUGIUIB UABMIIE SN uealy “BAay

10 :onN efing
AA/GQ/WW :e1eQ 3todey
100 :ON lioday

- we WP s W S uh WS WS P AR WP P S WD w W @ @ W =y

IOOOUXXXXXX 1 di-1337Td
AXXXX CALHIJOHd
RXXAXNNN CHOANIA
XXXXXXXXX 1} NINOJWOI HO WILSAS

¥

AA/QAQ/WN 0L
AA/QQ/NN wotg
:pousag Buniodoy
€0 HS :adA ] woday

F 000°'L
-1 000'2
- 000°E

- 000't

- 000

-4~ 000’9

- 000°L

T-ono's

1

- 0N0‘'6

f 000°0L

uesip

RHOY

D-22

jUnNoY 30UBUBIULII  UDIMITG



‘31301391 /U0T3ROTITPOW juswdinbs snq 3rsueal

wexboxd uotrjewWIOIUT AFTTTETITSX JFTSUBRI]

€2-a @2anbta

*GOL esumsqns jo pesodwoa Bujuy exeiq meu pedojere

oeg

18ZOLES- X4 €00
ybnous ybiy esnjeredwey
deoy o3 jmsounseyy euiBus pappe pue sng Jo sess doi oy Jossesdwod penoly oY £0ZHBL-OND 100
1110H13H/NOILYIIHAOW-IANILVHHVYN 11404134/A41Q0N (T3a0on-4NNYI) AlH340Hd
INILSAS ar-13374

10 :oN sfeg
AA/GQ/WW :ele@ uoday
100 :oN wodoy

AA/GQ/NN o)
AA/QQ/WIN wolg
:popssd Bunisodey
p0 us ‘edAj wodoy

D-23



	bus-c-1
	bus-c-2
	bus-c-3
	bus-c-4
	bus-c-5



