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PREFACE

This assessment was conducted under PPA UM-17 as part of the Operations and
Planning System Support program under sponsorship of UMTA's Office of
Technical Assistance, Methods Division, Granville E. Paules, Chief. This
assessment report compiles information on the status and capabilities of
Maintenance Management Information Systems (MMIS) that are operational or near
operational on primarily microcomputers and minicomputers, The objective is
to make this information available to transit authorities to facilitate their
selection of a MMIS.

An endeavor like this would not be possible without the full cooperation of
the developers of these MMISs. The authors are indebted to these developers
for their cooperation in making the necessary information available. Also,
valuable comments were provided by Ronald Jensen-Fisher, the UMTA Program
Manager.






FOREWORD

The Urban Mass Transportation Administration has undertaken the sponsorship of
Federal involvement in and the stimulation of private development and exchange
of a wide range of transit management aids. This effort has evolved under the
general label Operations and Planning Support (OPS), a collection of technical
support activities involving research and review, development and demonstra-
tion, and information dissemination. This document is one of several which
provides background and summarizes the activities conducted as part of the OPS
program. These documents provide information on the availability and use of
management tools, and on concepts and proposed designs of new tools to
encourage critique and feedback from the transit industry and other interested
parties.

A large portion of the work in the OPS program is devoted to the application

of computer-based tools that can support work of individual departments within
a transit agency. Examples include operations analysis and planning, vehicle
driver scheduling, maintenance management, financial/budget analysis including
capital asset and cash flow management. Many transit agencies are already
using computerized systems for such activities as payroll, accounting, mainten-
ance and scheduling, Tools which are identified or developed through Federal
activities will complement or supplement many of these existing capabilities,
Though the tools may be usable on computer installations of any size, initial
development is emphasizing microcomputer implementations. Inexpensive systems
centered on microcomputers offer many advantages to decentralized, departmen-
tally-oriented operations. However, these systems retain the potential to
share an agency's data and information through a variety of communications
interfaces. Thus, information produced through the individual units may be
brought together and organized as additional sources of management information.

Technological breakthroughs continue to extend the computing power and data-
handling capabilities of these desk-top systems. Very powerful systems are now
within the financial reach of even the smallest transit properties, and these
same systems can extend computing power to each appropriate organizational
element in the larger properties.

Further information on the OPS program can be obtained from:
Mr. Gran Paules
Chief, Methods Division
Office of Methods and Support
UMTA URT-41
US Department of Transportation
400 Seventh Street, S.W.
Washington, DC 20590
(202) 426-9271

Informational requests related to the Transportation Systems Center's specific
activities may be directed to:

Mr. Donald Ward

Chief, Planning Methods Division

Transportation Systems Center

US Department of Transportation

Cambridge, MA 02142

(617) 494-2465
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1. INTRODUCTION

The need to improve management information systems for the transit industry
became evident in the mid 70's when it was recognized that important and
relevant information was often not available to help management establish
goals and objectives, develop plans, and monitor performance, With
recognition of the importance of timely, relevant, management information,
significant development of Management Information Systems (MISs) was
initiated of which maintenance is one element.

Maintenance Management Information Systems (MMISs) were primarily developed
for minicomputers because of the low availability and high cost of mainframe
computers. The introduction of the microcomputer made computational
capability far less expensive and more affordable than minis and mainframes.
The purchase of microcomputers by many transit suthorities has led to a rapid
increase in the number of microcomputer-based Maintenance Management
Information Systems.

This report presents a brief description and assessment of ten MMIS. Only
MMIS that are either operational or near operational on micro- or
minicomputers were considered for this assessment. An attempt was made to
include all known and available MMIS that met these requirements,

The objective of this assessment is to provide selection information to
potential users of MMIS. Both summary and detailed information is given so
that a more detailed investigation could be conducted after a preliminary
selection is made from the data.

While all MMIS' are designed to support management needs, they have different
capabilities in supporting the full range of maintenance magement functions:

o Cost Accounting, which includes the tracking of resource
expenditures (e.g., labor and materials cost) attributable to each
vehicle or vehicle fleet,

o Work Order Processing, which includes the recording of a
comprehensive description of each repair action, as well as
tracking the status of open (i.e., unassigned) work orders.

o Status Tracking, which includes the documentation of vehicle and
component assets and repair histories.

o Materials Processing, which includes inventory control, purchasing,
requisitioning, and tracking usage patterns.

0 Preventive Maintenance (PM) Scheduling, which includes the

projection of inspection date, and supports the planned allocation
of labor and materials resources.

0 Failure Monitoring, which includes the documentaion of component
failures for each vehicle, and can be used to support quality
control or the projection of labor and materials needs.

-1 -



o Maintenance Resource Planning, which includes the capability to
support on-going maintenance management decisions.
Each of the ten MMIS's described in this document addresses one or more of the
above capabilities. These capabilities are summarized from information

obtained from the vendors; while every attempt was made to describe fairly
each system, there are some differences in information content.

The remainder of this report is divided into three sections:

0 Current State of MMIS briefly discusses the development state of
MMIS, and provides a summary of the assessment.

o Overview of the MMIS's Reviewed presents a comparative summary of the
ten systems’ capabilities, and provides a brief summary of each
system.

0 MMIS Descriptions provide detailed information on each systems's
development and availability status, functional capabilities,
principal inputs and outputs, and examples of reports.

The information used in this report was derived from information supplied by
the developers of these MMISs. Each MMIS is listed by developer and system
name in alphabetical order because of the similarity between names. The use
¢ developer names is not intended to be an endorsement of the system,



2. THE CURRENT STATE OF MAINTENANCE MANAGEMENT INFORMATION SYSTEMS IN URBAN
TRANSIT

The current MMISs are an outgrowth of MIS development that was oriented toward
financial control. Financial controls ask if resources were spent according
to the plan, but do not necessarily ask how resources should have been spent
in the first place. Asking how resources are spent is not unimportant; it
simply is not the complete question. Deciding how resources are best used is
the essence of an integrated management system that rroperly relates all
components, and provides the necessary communication between all components of
the system. Therefore, in general MMIS development has completed the first
and most important development phase, i.e., financial control of maintenance
consistent with finacial control of the transit authority. The remaining
development that is needed is to provide maintenance managers with a support
system to assist them in allocating their resources in best way possible,

Maintenance of transit vehicles, as maintenance of most types of equipment, is
a sensitive task that can only be performed economically in a narrow band of
options. Deviations from this band invariably leads to high cost, poor
vehicle condition, or both., Thus, a MMIS is needed that can control the many
variables and account for sensitivities of the maintenance system., It should
be designed fram the overall system viewpoint, and it should reflect all of
the necessary functions in an integrated system and assure that all components
seek to work together., The alternative is a system that compartmentalizes and
subordinates functional components for the purpose of organizational control.
A MMIS should also provide operational decision support to the maintenance
manager,

Most of the MMIS's investigated are more or less automations of the American
Trucking Association Inc., - Vehicle Maintenance Reporting Standards. They are
primarily work order systems that emphasize maintenance cost accounting,
Simple file management systems are used primarily to store and manipulate
data. The exceptions to this are the Fleet Controller and CPMU/V which uses
sophisticated network and relational data base management systems,
respectively. VEMM also uses a data base management system that was developed
by Modeling Systems Inc. Data base management systems aliow the flexibility
to make extensive inquiries of the data base, and to reformat reports easily.

Table 2-1 compares the functional capabilities of each MMIS assessed, The
functional capabilities are heirarchically listed by prime function and then
by detailed function, The type of function is shown in the far left hand
column, Each system has an "X" placed next to the functional capability the
developers indicated. Comparisons can thus be made by examining the
functional capabilities of each system. With a few exceptions in planning,
only those functional capabilities are included that exist in any of the
systems, That is, Table 2-1 represents a composite of all systems.

An examination of the functional capabilities of the MMIS's in Table 2-1
indicates that the systems are designed for overall finance reporting with
some work order processing as the primary input source. Hercules and the
Fleet Maintenance System are categorized primarily as file management systems.
CPMU/V, Fleet Controller, and VEMM use data base management systems.
TRANS-PAC, Micro EMIS, and MMM are primarily categorized as cost accounting
systems,



With the exception of the Western Transit Maintenance Consortium - Transit
Maintenance System, none of the MMIS's incorporate planning and failure
monitoring components. However, the planning and failure monitoring
components of the Transit Maintenance Management System have not yet been
implemented. Therefore, none of the current MMIS's are structured as decision
sggport zystems that can assist in determining how resources should best be
allocated.

Decision Support Systems are needed to help investigite the following
questions:

How much maintenance should be performed?
- When should equipment be rehabilitated?
- When should equipment be replaced?

To determine the correct level of maintenance and rehabilitation, information
is required that is generally not collected. An important function of a MMIS
is to collect this data and also assist in determining a budget,

A summary of each of the MMISs follows.
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3. OVERVIEW OF THE MMIS SYSTEMS REVIEWED

This section provides a brief summary of ten operational MMISs:

3.1

3.2

3.3
3.4
3.5
3.6
3.7
3.8

3.9

3.10

American Trucking Association, Inc. - Vehicle Maintenance
Reporting Standards

Computer Task Group Inc. - Hercules Vehicle Maintenance
Reporting System

DDS, Incorporated - Fleet Maintenance System

Facts Corporation, CPMU/V

Fleet Tech International - Fleet Controller

MTD Project Services - TRANS-PAC

Modeling Systems, Inc. - Vehicle Maintenance Monitoring System

Public Technology, Inc. - Equipment Management Information
System

Western Transit Maintenance Consortium - Transit Maintenance
Management System

Vista Systems Inc. - Maintenance and Materials Management System

The capabilities of these ten systems are summarized in Table 2-1. Each
individual system is further elaborated upon in the remainder of this section.



3.1 AMERICAN TRUCKING ASSOCIATION, INC.
VEHICLE MAINTENANCE REPORTING STANDARDS

The American Trucking Association (ATA) Vehicle Maintenance Reporting
Standards (VMRS) system represents a reporting standard for equipment and
maintenance data of trucking companies. Around this standard, manual as well
as computer-based maintenance management information systems can be, and have
been, developed. VMRS is based on a set of data codes that have by and large
been standardized for the entire trucking industry. These codes describe the
vehicle by its major components, assemblies, or parts; by its physical
characteristics; by the states, malfunctions, and the maintenance performed;
and by the mechanics and facilities performing maintenance.

The system also provides means of identifying and accounting for costs,
directly and indirectly. These costs are divided into:

- Running costs that include mileage, fuel and oil usage, tires,
batteries and supplies;

- Standing costs including interest, depreciation, administrative
overhead, licenses, and insurance; and

- Maintenance and repair costs that also include facility overhead, parts
and supplies, labor, and outside maintenance and repair.

Cost information is assembled into equipment histories and into management
information reports.

Although VMRS was primarily designed as a manual system that could be
automated, it provides a framework for understanding many maintenance
management information system functions. Many of the MMIS developers have
either adopted the entire data structure and coding system or have adapted
parts of this truck system to suit needs more specifically defined for transit
bus maintenance.

Comparison of VMRS with the MMIS functional capabilities indicated in Table
2-1 show a lack of planning and failure monitoring functions. This indicates

that the system was designed primarily to satisfy financial reporting needs of
the maintenance manager.



3.2 COMPUTER TASK GROUP, INC.
HERCULES VEHICLE MAINTENANCE REPORTING SYSTEM

The HERCULES Vehicle Maintenance Reporting System was developed by the
Computer Task Group Inc. (CTG) for management of truck fleets. It is an
automation of the ATA VMRS system for use on an Apple II plus personal
computer. The system was designed to collect, analyze, and report running
costs for power units, trailers, and refrigeration urits. With some change of
standard screen formats, it could also be used for buses. Hercules was
designed to maintain 1ife-to-date records for all vehicles and vehicle types
in the fleet including: repair orders, fuel and oil purchases, and preventive
maintenance information. It also has the capability to analyze this data and
prepare analytical reports including running costs. The system can produce
the following types of reports and analyses:

1. Analyze component failures.

2. Measure vehicle performance.

3. Compile maintenance histories.

4, Determine cost-per-mile or hour of operation,

5. Schedule preventive maintenance a year in advance,
6. Identify rework problems,

7. ldentify costs in high-cost maintenance areas.

8. Evaluate vehicle life-to-date and period-to-date statistics.
9. Insure timely warranty recovery.
10. Track license renewals and inspection deadlines.
11. Determine the most cost-effective vehicle makes,

models, or engine and transmission types.

Hercules uses a system of codes to store and track information. These may
either be user defined or the ATA Codes may be used as a default option.

Preliminary observation and comparison of the functional capabilities of
Hercules shown in Table 2-1 indicates that the system is essentially a
computerization of the ATA VMRS system. As such, it is a work order system
that is capable of accumulating and totaling data. Some changes in formats
are necessary to make the system compatible with buses. A file management
system is used to store and manipulate the data base, which is entered on
Repair Orders. Without significant reprogramming, the system does not have
the flexibility to generate reports other than those already in the system .
The system is easy to use, but limited to the ATA VMRS reports. Furthermore,
it can analyze approximately only 130 vehicles at a time.

- 10 -



3.3 DDS, INCORPORATED
FLEET MAINTENANCE SYSTEM

The DDS Fleet Maintenance System (FMS) automates all fleet maintenance
records and vehicle history information, and automatically issues timely
instructions for all necessary maintenance activities. The system also
generates a variety of management reports: daily, monthly, and as required.
The objective of FMS is to improve operational planning, reduce downtime,
optimize manpower, and increase vehicle 1ife. It maintains a history of each
vehicle in the fleet according to predefined maintenance activities, and
produces repair orders and management reports. The Repair Orders detail not
only what is to be done to a vehicle, but include a description of the
procedures for each maintenance item, Preventive maintenance schedules are
entered into the system and repair orders are issued when the recommended time
or mileage limit is reached.

When time or mileage is entered after fueling, PM Work Orders (W0) are
initiated according to the PM schedule established for each vehicle . The
work order provides a means for easy tracking of each maintenance activity
performed on any vehicle in the fleet. Each WO contains a Specific and
Standard Maintenance Procedure and all information needed by a mechanic to
properly complete the job. When the work has been completed, signed off, and
closed out, the vehicle history is automatically updated. In addition to the
. PM Work Orders, a Road Call WO, Accident WO, Foreman Request WO, Unit or
Component Rebuild WO, and Service WO can also be initiated.

The system can generate Vehicle Inventory and Status Reports; daily, monthly,
and yearly Consumables Reports; daily Not Probed Reports that signal active
vehicles which did not have their farebox cleared; Monthly Road Call Reports;
0i1 Analysis Reports; California Highway Patrol Inspection Reports; Component
History Reports; Series PM Recommendation Reports; and Activity Dictionary
Reports that provide the coding system for activities.

Preliminary observations of FMS indicate that the system was designed
primarily as a work order system and a consumables monitoring system that
emphasizes PM scheduling., An examination of the functional capabilities shown
in Table 2-1 indicates that vehicle history and maintenance cost reports are
not available, but monthly road call reports and an oil analysis report are
included, Materials management, with the exception of fuel and oils,
planning, and failure monitoring functions, are not available., Overall cost
summary reports are also not available,

FMS is designed to use an enhanced version of the UNIX operating system and an
extensive set of utilities. UNIX supports a multi-user and multi-tasking
environment. The UNIX File Management System offers flexibility to create a
variety of data structures that can be easily formatted. The system operates
on any Motorola 68000 processor and provides virtual 16 megaBytes of
processing capability. Multiple 16-bit peripherals and special function 1/0
(Input/Output) processors provide support for the multi-user and multi-tasking
environment, Winchester disk and diskette support allows for flexibility in
configuration and up to 300 megaBytes of on-line storage. FMS could support
small to modestly large size vehicle fleets (approximately 1000 vehicles),

- 11 -



3.4 FACTS CORPORATION, THE
CPMU/V

CPMU/V is a fleet management and cost analysis software system developed by
The Facts Corporation for general analysis and control of rolling stock in
single or multiple units. The system provides cost accounting, cost control,
daily control of operations, general purpose fleet management information,
vehicle efficiency and performance information and vehicle repair histories.
It also includes functions for evaluation of lease or purchase options, and
for determining capital investment payback.

CPMU/V is one of the many applications available from the applications
generating language, CPMU. The programs and algorithms of CPMU provide for
comparative analysis of variables., The CPMU/V system is designed to operate
on a variety of microcomputers such as the Apple I1I, TRS-80/11, Northstar, or
the IBM Personal Computer. The system requires either the CP/M or MP/M
operating systems (Version 1.4 or 2.X) and dBASE II. dBASE Il is a relational
data base management system that facilitates manipulation of fields, records,
and files to manage data as desired. The minimum disk storage required is
378K Bytes, either on a hard disk or distributed on floppies.

The CPMU/V system is a menu driven system that has a file maintenance, report
generating, and inquiry system. The file maintenance system contains the
following files:

- Vehicle Files;

- Repair Order Files that describe vehicle repairs including part numbers
of parts used for each task, the unit price, the reason for failure,
the 1.D. of the employee performing the task, time, and actual labor
cost;

- Fuel Files that contain amount and cost of fuel used by each vehicle;

- Expense Files that include date, cost, and type of vehicle expenses;
Mileage Files; and

- Code Files that contain coded descriptions of each repair and expense
category monitored. The codes are based on the American Trucking
Association VMRS codes.

The system provides the following reports:

- Management Reports,

- Master User Defined Reports,

- Master Cost Summary Reports,

- Master Fuel Usage Reports, and

- Master Cost Analysis by Code Reports.

The Master Cost Summary Reports provide the total cost and the average cost
per mile or vehicle for any set of vehicles selected. The selection
capability makes comparisons easy to perfor.i, Master Fuel Usage Reports
contain mileage, fuel usage, and miles per gallon of each vehicle and the
totals and averages of all selected vehicles. The Master-Cost-Analysis-by-
Code Reports provide a summary, by vehicle, for each labor, part, or expense
code, and the cost-per-mile and total cost over month-to-date, year-to-date,
and term-to-date periods. Since the set of codes can represent assemblies,
subassemblies, components, and parts, these costs, when compared to other sets

- 12 -



of codes, provide a means of comparative analysis of components and structural
elements. The Management Reports provide a versatile “user friendly" report
selection capability.

Unlike the Master Reports, which report on all vehicles, the Management
Reports generate reports on only those vehicles specified. This capability
provides considerable flexibility in performing comparative analysis.,

The Master User Defined Reports allow the user to format a report in any
desired way. In addition to the exception reporting and reformatting
capability, the system also has an easy to use query function.

Preliminary observations of this system indicate that the system was designed
for overall financial reporting and for management and control of a vehicle
fleet. Preventive maintenance scheduling is not included in the data
structure. A comparison of the functional capabilities shown in Table 2-1
indicates an orientation to financial and management reporting with a work
order processing capability. The capability for comparative analysis that is
built into the data structure can be a useful tool for managing a fleet. The
system uses dBASE II, which gives it added flexibility to query the data base
and structure for a wide variety of comparative analyses and reports. dBASE
IT is "user friendly" and does not require programming skill to use the query
capability.
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3.5 FLEET TECHNOLOGIES INTERNATIONAL
FLEET CONTROLLER

The Fleet Controller fleet management system performs the following functions:

- maintains vehicle histories,

- processes repair order information,

- tracks fuel and fluid consumption,
major component rebuild histories,
and vehicles and vehicle usage,

- schedules preventive maintenance,

- monitors mechanic seniority levels,
average labor rates,
and road calls,

- produces cost reports.

The system uses the American Trucking Association VMRS coding system, but
translates the codes into understandable English descriptions for report
generation, It was was designed for operation on the IBM Personal Computer,
but can operate on any system which uses a Z-80, 8080, 8085, 8086, Z8000, or
PDP-11 processor and supports the network data base management system, MDBS.

Preliminary observations indicate that the system is designed for overall
finance reporting with the added capability for scheduling PM inspections.
Labor costs are based on average costs per division, Specific parts are not
recorded; instead only major components are considered. Rebuilt components,
however, can be tracked.

A comparison of the functional capabilities shown in Table 2-1 suggests that
the data structure is oriented primarily towards financial reporting with the
capability for process work orders added on. However, this system uses MDBS,
which allows interface with electronic spread sheets for budgeting., It also
has considerable flexibility to query the data base and to structure a wide
variety of additional reports. The disadvantage of MDBS is that some degree
of programming skill is required to use it.
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3.6 MTD PROJECT SERVICES
TRANS-PAC

TRANS-PAC was developed by MTD Project Services Company, a subsidiary of MDS
Qantel, Inc., for small to medium sized transit authorities. Much of the
development was done in collaboration with Arthur Andersen & Co., which was
involved in Project FARE (Financial Accounting and Reporting Elements), an
UMTA funded, transit industry sponsored effort to define a uniform external
reporting system, The objective of Project FARE was to specify key financial
and operating data, which could be uniformly reported to allow for aggregate
industry analyses and provide a basis for meaningful comparisons between
transit systems, In addition to describing this system for external
reporting, the FARE Task Report (Reference 2) also recognized an urgent need
to improve the internal management information system, In response to this
need, UMTA sponsored an extension of Project FARE, which resulted in the
framework for many of the current management information systems., TRANS=-PAC
is one of these systems,

TRANS-PAC is designed to meet all operational needs of transit authorities
with between 20 and 500 vehicles. In its smallest configuration it is
operational on a Quantel System 20 minicomputer. In addition to vehicle
maintenance and inventory control, the system provides other operational,
administrative, and Section 15 reporting functions including the following:

Revenue and ridership reporting

Payroll;

Personnel and operator attendance records processing;

Processing of claims and safety records;

Accounting and financial reporting;

Accounts payable;

Accounts receivable;

Fixed asset accounting;

Section 15 passenger trip sampling, and level B and C reporting;
Generation of user-defined reports.

TRANS-PAC uses its own coding system that is a simplification of the ATA VMRS
codes. In addition to vehicle maintenance reporting, it has an inventory
control system that is directly tied into the accounting and maintenance. The
inquiry capability provides flexibility to measure system performance and
generate exception reports.

The primary functions provided by the Vehicle Maintenance component of
TRANS-PAC are: cost accumulation for labor, parts, and overhead, by vehicle;
tire control; and monitoring of fuel and oil usage. TRANS-PAC produces a
large number of standard reports, including Vehicle Maintenance Schedules,
Inspection Due Master Listings, and monthly Mileage Variance Reports. In
addition, the Report Generator allows other desired reports to be produced.



The purpose of the Inventory Control System is the processing and tracking of
inventory. This system processes purchases, receipts, issues and adjustments
to inventory; compares physical inventory to book inventory; and provides
historical usage reports. It automatically interfaces to the General Ledger
and to the Vehicle Maintenance System.

Preliminary observations of the Vehicle Maintenance component indicates the
system was designed for, and from the perspective of, Finance and
Administration (refer to Table 2-1) to track how rescurces are used. Absent
from this system is the capability of maintenance to plan how resources should
best be allocated. Moreover, the organizational structure reflected in the
MMIS places Finance and Administration between Operations and Maintenance
makes communication difficult between Operations and Maintenance.
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3.7 MODELING SYSTEMS, INC.
VEHICLE MAINTENANCE MONITOR

The Vehicle Maintenance Monitor (VEMM) was designed by Modeling Systems, Inc.
(MSI) as a maintenance management information system that enters, retrieves,
and reports vehicle maintenance costs and parts inventory. It also tracks
maintenance schedules for each vehicle in the fleet and accounts for all parts
and labor, The system in its smallest multi-user configuration operates on a
DEC PDP 11/23 with 128K RAM (Random Access Memory), vhich can handle about 150
vehicles., If used with a VAX 11/750 or 780, it can handle fleets of venhicles
greater than 1500. The system may also be used on the DEC Personal Computer
in a single user configuration.

The VEMM data structure supports a variety of preestablished maintenance and
inventory reports. If other reports are desired, VEMM may also be used with
ISDATA, a generalized data base management system developed by MSI. ISDATA

makes formatting or reformatting of any reports or files easy. MSI markets

turnkey systems using Digital Equipment Corporations' micro and minicomputer
equipment,

The system provides the following functions:

- Equipment Identification
- Preventive Maintenance and Repair Scheduling
- Work Order Processing
- Parts Inventory Control
- Purchasing Control
Receiving Control
- Fuel Usage Management
- Tire and Battery Usage Management
- Operational and Management Reporting

Included in the Vehicle Maintenance function is Preventive Maintenance
Scheduling that provides automated notification of when preventive maintenance
is due on vehicles and equipment. The Work Order Processing function, in
addition to accounting for all parts and labor costs, tracks out-of-service
time.

Comparison of the functional capabilities indicated in table 2-1 shows that
VEMM is basically a work order processor, but includes vehicle status tracking
and inventory control functions. It was designed to operate exclusively on
DEC hardware, including the DEC personal computer. Although VEMM is based on
a data base management system, the data structure indicates an orientation to
an accounting system., The system appears to be easy to use.
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3.8 PUBLIC TECHNOLOGY INC.
MICRO EMIS

MICRO EMIS (Micro[computer-based] Equipment Management Information System) is
a turnkey fleet management system developed by Public Technology Inc. (PTI) to
maintain an equipment inventory, track all repair activity and fuel
transactions, schedule and monitor preventive maintenance, and produce a
variety of management reports summarizing fleet cost and activities. It can
also be used to bill sub-organizational units or agercies for operating and
maintenance costs. MICRO EMIS operates on an Apple II microcomputer. With
this computer it is capable of handling fleets of up to 500 vehicles.

MICRO EMIS is based on PTl's mainframe Equipment Management Information System
that was developed jointly by local government representatives, the American
Public Works Association (APWA), and PTI. PTI is a non-profit corporation
that is the applied science and technical arm of the National League of Cities
and the International City Management Association.

With MICRO EMIS it is possible to maintain a detailed history for each vehicle
in the fleet, to schedule all preventive maintenance inspections, to record
and review the repair history of any vehicle, and to trace and reconcile all
fuel disbursements and usage by pumps and by vehicle. MICRO EMIS prepares
monthly summaries of fleet operations, and identifies costly and inefficient
vehicles through exception reporting. It generates inventory, fuel, repairs,
billing, and management reports. The Repairs Report includes preventive
maintenance scheduling. A Department Billing Report containing direct billing
and rental charges for the month is also produced.

A number of management reports are produced that include:
Equipment/Organization Performance, Fleet Summary Report, Equipment Exception
Condition Report, Cost versus Billed, and Fuel Type and Pump Reconciliations.

MICRO EMIS is an interactive menu driven system that was designed for use by
individuals without training in data processing. It has internal procedures
to help prevent entry of inaccurate data.

Preliminary observations indicates that MICRO EMIS is a file management system
primarily designed to facilitate the accounting process. In addition, the
following features are provided: work order processs system provides primary
input data, a detailed history of each vehicle is maintained, and preventive
maintenance inspections are scheduled. Although exception reporting is
included, no query capability exists. The system, however, does appear easy
to use,
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3.9 WESTERN TRANSIT MAINTENANCE CONSORTIUM
TRANSIT MAINTENANCE MANAGEMENT SYSTEM

The Transit Maintenance Management System, developed by the Western Transit
Maintenance Consortium, was designed for fleet maintenance and inventory
control of medium size authorities. The need for improved management and
control of maintenance forced the focus on: specific performance goals, labor
productivity, effective preventive maintenance methods, efficient use of
inventories, better quality control, and reducing the cost of performing
effective maintenance, The system is operable on minicomputers, easily
transferable, and economically implementable at each authority.

Six western transit authorities formed a consortium in mid-1980 to jointly
develop a maintenance and inventory system consistent with these requirements.
The consortium includes:

o Denver Regional Transit District (RTD)
o Orange County Transit District (0OCTD)

o Sacramento Regional Transit District (RT)

o Santa Clara County Transit District (SCCTD)
0 Municipality of Metropolitan Seattle (METRO)

A sixth member, the San Diego Transit Corporation, contributed significantly
to the user design phase of the project, but decided not to participate in the
later project phases because of computer requirements and software development
priorities,

A consortium approach was adopted because it afforded an opportunity to pool
maintenance expertise, address common needs, provide a forum for exchanging
ideas, and share one-time development costs. To date, only the Inventory
System is implemented at Orange County Transit District. Implementation of
the Work Order System is nearing completion at Seattle METRO.

The system is designed to provide seven major functions:

- Preventive Maintenance

- Work Order

- Inventory Management
Status Tracking
Failure Monitoring

- Planning
- Management Reporting

These functions are integrated and provide a comprehensive monitoring,
control, and reporting system, On-line processing and inquiry are important
system features. In addition, timely analysis, exception, and summary
reporting are provided throughout all functions. Both the on-line interactive
and reporting features are designed for ease of use.

The Preventive Maintenance module will process and report usage, mileage, and
consumption information, and will provide notification of all inspections and
preventive maintenance events due on vehicles, components, and support
equipment .
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The Work Order Processing function will provide processing for the majority of
maintenance-related activities including: trouble calls, driver defects,
vehicle defects, inspections, and general work orders. On-line vehicle,
component and support equipment status and history will be provided within
this module.

The Inventory Management module will provide perpetual inventory balances on a
“real-time" basis. Inventory costs will be determined by a method of moving
average cost. Reorder processing will trigger suggested requisitions, which
will be sent to the purchasing department. Open purchase requisitions and
purchase orders will be tracked. In addition, the cycle of component rebuilt
items will be tracked from component change-out through unit repairs,
Rebuilding costs will be accumulated and averaged into the finished inventory.

The Failure Monitoring function consolidates vehicle breakdown information and
uses this information to highlight problem areas in analysis reports. For
examp’e, specific vehicles and sub-fleets requiring excessive maintenance can
be identified.

The Status Tracking function addresses vehicle availability and location of
vehicles in a fleet. Route characteristics will also be maintained in this
module to match the best suited sub-fleet to each route. This information
combined with the status of the sub-fleets and vehicles will assist the
transit managers in assigning individual vehicles to a route.

The planning module will provide managers assistance in short-term work
scheduling. A prioritized work order backlog will be maintained. Reporting
will be based on this work order backlog and preventive maintenance
projections. These reports will also include information regarding the
associated work requirements. In addition, a sub-module will be provided to
assist in budget preparation, It will be based on projected or historical

resource requirements. By varying assumptions, a long-term "what-if" analysis
may be performed,

The Management Reporting function will be used to measure performance at the
authority, division, or sub-fleet level, Parameter defined performance
indicators will be used to measure actual against planned performance.
Management reports will be generated on an exception basis.

Although the Transit Maintenance Management System was designed for medium to
large size authorities, and operates on minicomputers, it was included in this
assessment to provide a perspective of a system designed with long range
planning capability. This long range planning function provides a decision
support capability to examine how resources should best be allocated, and to
specifically examine the issues previously discussed. A capability to perform
failure analysis is implicit in long range planning.
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3.10 VISTA SYSTEMS, INC.
MAINTENANCE AND MATERIALS MANAGEMENT SYSTEM (MMM)

VISTA's Maintenance and Materials Management (MMM) system automates
information processing for equipment maintenance, parts inventory management
and procurement, Although it is focussed on vehicle maintenance, it can also
be used for any other type of equipment or facilities.,

MMM is fully interactive and uses simple commands and menus. Information is
entered via interactive screens and can be retrieved in the form of on-line
screen displays or in the form of printed reports. MMM satisfies requirements
for standard financial, historical, and trend reporting and provides
information to assist the maintenance manager and the inventory clerk in their
job functions. Many of the basic data can be defined by the user and modified
as necessary. This is accomplished through user-defined files which specify
stock items, equipment configurations, maintenance activity codes, and
preventive maintenance programs. From a software point of view there are no
limitations on the fleet sizes or number of stock items which can be handled
by the system., The system is only limited by the available disk storage.

MMM is divided into a Vehicle Maintenance Module and an Inventory Module. The
maintenance module is designed to satisfy the information needs of the
maintenance shops. It tracks and reports maintenance history; accumulates and
reports labor and parts costs; analyzes and reports defects by component,
vehicle and fleet; accumulates and reports consumables histories; and projects
future maintenance events. The user develops and maintains master files of
equipment configurations and stock items as well as a code book for component,
defect, problem, and repair action codes. The user also specifies the
preventive maintenance program.

The Inventory Control Module is a self-contained set of programs which monitor
and report materials movements and assist in the purchasing function. It can
be integrated with VISTA's Financial Management System for expense
distribution on either a FIFO or an average pricing basis. It interfaces with
the Vehicle Maintenance Module, receiving materials movements information and
providing materals cost information.

MMM was developed for use on any Prime or Digital Equipment Corporation's VAX
system line. It can also be down-loaded to any UNIX based micro system, It

is based on a VISTA developed file management system that can interface with a
relational data base management system that will allow additional queries.

MMM was developed by VISTA with the consultation of maintenance managers from

a number of transit companies, It is currently being implemented at the
Capital District Transit Authority of Albany, NY.
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INTRODUCTION

This appendix provides a detailed description of each MMIS to allow the reader
to investigate the details of selected systems, after the summary has served
to focus the investigation.

Included in these descriptions are:

- An introduction that provides some background information about the
system and indicates the status of development.

- A description of the functional capabilities of the system, including
the principal inputs and the output reports.

- A description of the hardware.

The functional capabilities and the possible output reports vary widely
between the systems described. Recognizing their importance in determining
the suitability of some system for a reader's application, examples of many
output reports are included in each system's description.

Moy .



A.1 VEHICLE MAINTENANCE REPORTING STANDARDS (VMRS)
AMERICAN TRUCKING ASSOCIATION, INC.

1. Introduction

2. System Description
2.1 Input Data
2.2 Output Reports
2.3 The VMRS Codes

3. Hardware

4, References

VMRS is different from the other maintenance management information systems
presented in this report. It represents a reporting standard around which
manual as well as computerized systems have been developed. In fact, two of
the systems described in this report follow the VMRS standard. Also, ATA
provides access to VMRS as a service bureau. The discussion of VMRS for these
reasons follows a format different from the discussion of the other systems in
this report. It is designed to provide an understanding of the maintenance
management information system functions.
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A.1 VMRS

1. INTRODUCTION

In 1968 the Cost Control Methods Study Group of the Regular Common Carrier
Conference (RCCC) Maintenance Committee developed a requirement for a uniform
maintenance management information system for the motor carrier industry. The
purpose was to overcome the then existing lack of vehicle maintenance
reporting standards which did not permit one-to-one comparisons between motor
carriers, or sharing of maintenance information with vehicle suppliers or with
the user representation, It was almost impossible to compile meaningful
industry-wide statistics, because maintenance measurements, such as intervals
between inspections and overhauls, component life, cost per mile, and normal
service expectations, had no standard definitions. As the main reason,
differences in operating procedures and a lack of standardized forms for
collecting maintenance data were identified.

The ATA Management Systems Committee and the ATA National Accounting and
Finance Council were requested to join the Study Group, so that maintenance,
systems, and accounting aspects would be represented. The following four
steps were considered necessary for the development of a vehicle maintenance
reporting standard.

- Identification of vehicle maintenance data needed by various levels
of motor carrier management.

- Development of definitions of terms and data classifications with
sufficient information content.

- Development of data codes for data classifications.

- Development of a work order form,

The data codes and forms were to be designed so that they could be used by all
carriers, irrespective of whether they were using manual or automated
procedures for data processing.

The result of this effort is the ATA Vehicle Maintenance Reporting Standards
System (VMRS), a complete maintenance management information system that can
be implemented manually, or on a computer, A full description of VMRS is
contained in reference A,1-1. In implementing a computerized VMRS one has a
choice between developing ones own software, purchasing software from a number
of independent suppliers (The HERCULES System, described in this report, is
one example), or use a data processing service offered by ATA. VMRS data
codes have become the standard for the trucking industry and are used for the
following purposes:

- To describe the vehicle by its major components, assemblies, or parts
and by its physical characteristics.

- For a component, assembly or part, to indicate the current state,
existing or past malfunctions, and the maintenance performed.

- For each past maintenance action, to indicate by whom, and at what
facility it was performed.

- To directly identify and account for costs.
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A.1 VMRS

2, SYSTEM DESCRIPTION

An overview over VMRS is shown in Figure A.1-1. Information pertaining to
vehicles is grouped into one of three categories:

o Standing Data

The data elements and costs which are independent of whether or not the
vehicle is running.

Running Data

The data elements and costs related to the operation of the vehicle.
Maintenance and Repair Data

The data elements related to the time and cost incurred in keeping the
vehicles in operating condition.

The following functions of VMRS can be identified:

Identification and classification

0
0

0

of cargo carrying motor vehicles and their components,

of operating conditions affecting the maintenance needs of
vehicles, and

of conditions and performance of maintenance.

Standard codes for identification, classification and processing into
useful maintenance information of the following:

00000000 O0

Activity (vehicle work assignment),

Reason for Repair,

Work Accomplished (maintenance work performed),
Repair Class (timing of repairs),

Repair Site,

Part Failure,

Vehicle Type,

Vehicle Components,

Indirect Labor,

Several coding levels for vehicle components are provided, so that
each individual motor carrier can select the level appropriate for
his method of recordkeeping. As a result, carriers will have
interfleet comparability of information to the coding level selected.
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A.1 VMRS
The following standard forms are used for recording data:

Vehicle Master Record,

Power Unit Record,

Records of Trailers, Containers and Converter Dollies,
Vehicle Control Card,

Driver's Vehicle Condition Report,

Repair Order,

Repair Order Log,

Time Card,

Direct Labor,

Indirect Labor,

0O0O00 000000

The fact that the codes are compatible with the I.C.C. accounting codes makes
it easy to integrate VMRS into company-wide accounting systems.
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A.1 VMRS

Input Data

The VMRS system was designed to be operated by individuals without clerical
training. The basic input data are obtained from mechanics and as few reports
as possible are used. To the extent possible, data are captured at their
origin and then distributed to various users. Multiple input of the same
information is avoided.

The input data for VMRS are divided into two groups, data which identify
equipment, and data which document work performed. The VMRS Vehicle Master
Record Form shown in Figure A.1-2 is the system source document for
identification of equipment. It contains the following categories of
information:

0 Identification of the vehicle and its major components by serial number
and by major characteristics

Manufacturers of the vehicle and major components

Purchase information

Cost and depreciation schedule

Ownership.

00 OCOo

The VMRS Repair Order Form is the source document for information on
maintenance work performed on individual equipment (see Figure A.1-3). It is
subdivided into the following categories:

0 Date when the work was performed

0 Equipment identification - Fleet I.D.

0 Accumulated service (miles or hours) of the equipment

0 Reason for work

o Nature of work performed

o Facility at which the work was performed

o Identification and failure code for parts or components which were
repaired, replaced or serviced

o Identity of employee performing the work

o Cost of labor and parts

o Information about outside repair
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A.1 VMRS

The input data sources are shown in Figure A.1-4, The integration of
maintenance data with fuel and o0il data for the development of maintenance
management information is shown in Figure A.1-5. The following information is
contained in maintenance and fuel oil files.

Maintenance Fuel and 0il

o Vehicle Fleet I.D. No. o Vehicle Fleet I.D. No.

o Data and mileage maintenance o Data and mileage fuel or oil added
performed

o Location where work performed 0 Location where fuel added

o Parts used 0 Quantity added

o Parts cost o Cost of fuel or oil added

o Labor hours
0 Labor cost
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A.1 VMRS

Qutput Reports

The Vehicle Fleet I1.D. Number, which is common to both files, permits the
development of reports containing data elements from each file. Because of
the ability to identify and record the foregoing categories of data it is
possible to:

Classify expenses by activity
Classify expenses by type
Report performance costs by
0 Individual units of equipment
o Groups of like equipment
o Groups of unlike equipment in like service or at the same location
Report equipment utilization by groupings, location, type and activity
Report facility utilization
Report direct labor utilization
Report indirect labor utilization
Identify rework
Identify warranty work and claims
Control inventories by identifying spare parts required to support
maintenance operations by
o Equipment groups
o Locations
0 Manufacturer's I.D.
o Source of supply
o Cost
o Utilization factor
Identify obsolescent spare parts

In addition to this information, other types of information can be generated
from the source data. The following are examples of this type of information:

Operations
0 Equipment utilization at specific locations
o Identification of equipment for special functions
o Identification of the need for training drivers in relation to
equipment component failures
o Data for licensing
o Claims analysis, to identify types of equipment with high rates of
damage to freight

Sales

o Identification of unprofitable shippers resulting from freight
which causes damage to equipment at a cost in excess of the net
revenue received.

Safety

Analysis of characteristics of vehicles involved in accidents
Component life history

Identification of component and parts manufacturers

Cause of parts failures

Record of inspections, PM's, maintenance

O 0000
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A.1 VMRS

- Accounting
o Information for ICC reporting
0 Equipment costs for financial reporting
0 Equipment costs for tax purposes
o Valuation of equipment and supporting spare parts inventories

- Personnel
o Staffing requirements at specific locations

Due to the many vehicle maintenance variables which can be identified,
measured and compared, a large variety of reports can be generated. The
variables include individual vehicle units, locations of maintenance
activities, causes of vehicle failures, and the separate characteristics and
reliabilities of the systems, assemblies and parts which make up the vehicle,
The reports have to be evaluated according to the following criteria: content,
detail, frame of reference, aids to analysis, readability, schedule, and
economy.

The reports of VMRS are divided into the following two types:
- Maintenance Facility-Oriented Reports
Vehicle inventories, data reliability control, fleet maintenance
utilization analysis, and indirect cost control.

- Vehicle Reports
Maintenance costs, running costs, and vehicle maintenance utilization
analysis.

Some examples of vehicle maintenance reports are given to indicate how some
motor carriers have approached maintenance management reporting.

An example of a weekly vehicle maintenance cost report prepared on a
minicomputer is shown in Figure A.1-6. This report presents the maintenance
costs of each vehicle by major vehicle component group and by the location at
which the work was performed. It includes vehicle identification, a system
description, labor hours, labor cost, parts cost, and total cost for all
major component work and for preventive maintenance tasks performed during the
period. An indication of whether the work was performed at a company
facility, in the field, at a company terminal facility, or at an outside
maintenance shop is also provided. The objective of this type of report is to
identify needs for further investigation or for other management action. A
drawback of this report is that the user has to mentally associate make,
model, year, and special equipment with the vehicle identification number or
refer to other reports for this information. In addition, the vehicle list
type report becomes quite long in a large fleet and requires considerable time
to analyze.

Figure A.,1-7 shows a monthly report that includes a frame of reference via

year-to-date and life-to-date maintenance expense, and mileage utilization for
each vehicle., This report is more difficult to read than Figure A.1-6.
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A.1 VMRS

Figure A.1-8 shows a weekly report which presents maintenance cost information
as a function of utilization data. It includes vehicle running costs as well
as maintenance and repair costs. Collisions, road failures and exceptions are
also reported. The frequency and cost of collisions permits the separation of
activities that are beyond the control of maintenance.

A vehicle maintenance analysis report for more specialized maintenance control
purposes is shown in Figure A,1-9. Frequency of failure and maintenance cost
of specific components are given to determine the components which are
producing the greatest costs, or, alternatively, the components which require
increased levels of maintenance. The component records are based on the VMRS
codes. A more detailed explanation of the codes is given in the VMRS Handbook
(Reference A.1-2). Each entry is vehicle based with mileage utilization and
periods of interest. Below this, the following information is shown:

0 Number of occurrences of maintenance in the current period and costs
per group or system

o Number of occurences of maintenance in the previous years, and costs
per group or system

o Number of occurrences of maintenance in the vehicle life to date, and
costs per group or system

o Cost per mile, cost per group, or system in the previous year

o Cost per mile, cost per group, or system over the life of the system.

Figure A.1-9, which presents cost for these different time frames by thirty
different cost centers, illustrates the complexities of vehicle maintenance
reporting.

A number of other reports are illustrated in Figures A,1-10 to A.1-18.

- Unit History Summary (Figure A.1-10)
Provides a 1ist of vehicles which exceeded minimum standards in the
areas of cost per mile, miles per gallon of fuel, or miles per quart of
0il, for any or all of the established periods.

- Vehicle Maintenance by Component Groups Report (Figure A.,1-11)
Shows for each VMRS component group code the number of occurrences of
maintenance, and, on a per mile basis, the cost of labor, parts, and
the total maintenance cost, for the current period and for the life to
date of all vehicles collectively. This report indicates which
component groups of the vehicles reported require the most frequent and
the most costly maintenance,

- Vehicle Maintenance by Component Systems Report (Figure A.1-12)
Provides a further breakdown of the component groups into component
systems. This report may be used for more detailed analysis of
component groups experiencing greater frequency of failure, or
requiring greater levels of maintenance.
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A.1 VMRS
- Report on Vehicle Maintenance and Repair by Component Group and Reason
(Figure A,1-13)
Provides a matrix of fleet maintenance occurrences and cost by reason
for repairs, or by other VMRS coded characteristics, such as repair
class, repair site, and work accomplished.

- Maintenance Facility Summary Analysis (Figure A.1-14)
Provides a summary of the following four reports:
o vehicle group and system by reason for repair,
0 repair class,
0 repair site, and
0 work accomplished
Also provided are parts and labor breakdown. This report may be used
to control the cost and performance of the maintenance facility.

- Maintenance Facility Trend Analysis (Figure A.1-15)
Provides a summary, for the current period, for the preceeding year and
for each of the preceeding eleven periods, of work performed at a
maintenance facility . By comparing these monthly figures, the effects
of winter weather, other unusual monthly variations, or trends in
maintenance frequency and cost can be identified.

- Maintenance Trend Analysis by Venhicle Activity and Type (Figure A.1-16)
Shows information on the frequency of various maintenance activities
over the course of the preceeding twelve periods and allows an analysis
of trends in the rate of occurrence of these activities.

- Maintenance Facility Rework Analysis (Figure A.1-17)
This is an example of a report on one particular category of work
performed at a maintenance facility. Although this case reports
rework, similar reports for road calls, driver complaints, or other
categories of maintenance causes and effects can be prepared.

- Vehicle Inventory Report Detail (Figure A,1-18)
This is a list of all vehicles in the fleet. It includes
identification, descriptive information, and location. This data is
derived from the vehicle master record for each unit.

In summary, Figures A.1-5, -6, -7 and 9 are examples of the vehicle oriented
maintenance reports. These reports present basic maintenance cost
information. Reports presented in Figures A.1-8, -10, -11, 12 -13, and -14
are component oriented. They support analyses of component 1ife expectencies,
and causes of failure and their associated cost to make component replacement
and specification decisions. Figures A.1-14 and -15 support analyses of the
effect of time and use on maintenance costs. Figure A,1-12 is a component
oriented report that focuses on one aspect, such as rework. Vehicle history
and fleet inventory type reports are shown in Figures A.1-10 and -18
respectively.
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A.1 VMRS

2.3 THE VMRS CODES

A listing of the VMRS vehicle codes is reproduced in Table A,1-1. Since these
codes were developed for truck fleets, it is natural that some changes are
required to make them applicable to transit bus systems. The required changes
are relatively minor in nature and concern mostly the addition of the
passenger compartment and equipment for passenger service.



A.1 VMRS

3. Hardware

VMRS has been implemented on a number of minicomputers at service bureaus, but
has not been implemented on any micro's.

4, References

A.1-1 Vehicle Maintenance Reporting Standards Handbook, American Trucking
Association, Inc., revised December 1982,
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SYSTEMS ELEMENTS OF EQUIPMENT CONTROL
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DEPRECIATION ~ OVERHEAD st

INTEREST . ‘ . INSURANCE
(L ()
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FACILITY
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. PARTS &
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MAINT. A
. RUNNING . M ' 80R
DATA REPAIR
BATTERIES
& SUPPLIE m?ﬂr‘éﬁgﬁcs
. & REPAIR
CHANGES
ADJUSTMENTS
MANAGEME
INFORMAT |0
DEPREC IATIO
SCHEDULES
EXCEPTIONS
T 1 ' 9 -
CHED iSTRIBN 10

Figure A.1-1

© 1978 American Trucking Assooiations, inc.
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A.1 VMRS
Table A.1-1

THE ATA CODES FOR VEHICLE MAINTENANCE

The Location Code indicates where a particular unit is based or where it makes
most of 1ts trips. Location may refer to anything a user wants it to
refer to.

As many as 12 Fleet Codes may be assigned. A fleet may be defined as a group
of units of the same kind (make, model, and year) purchased at the same
time. It may also refer to all units assigned to serve a particular
geographic area, garage, route, or managed by a certain foreman.

The Repair Site Code indicates where the repairs were performed and who
performed them. Up to 12 Repair Site Codes may be assigned to describe
particular garages, repair shops, or areas within the shops, such as
body shop or unit change shop, where repairs are performed.

A Repair Class Code may be used to indicate the urgency of repairs. As many
as 12 Repair Class Codes may be defined.

Three major Reasons-for-Repair Codes categories are used by ATA. The codes
beginning with "0" and "1" refer to repairs made as part of normal unit
operations; codes beginning with "2" refer to repairs made in response
to management decisions; and codes beginning with "3" refer to repairs
made necessary by an outside influence.

The Activity Code describes the units' primary work activity, e.g. urban,

suburban, linehaul, or tripper. As many as 30 Activity Codes may be
defined.

The Preventive Maintenance (PM) Code describe a program or procedure to
prevent unscheduled overhaul unavailability of equipment caused by a
component failure, PM procedures include inspections, tests,
adjustments, replenishment of fluids and lubricants, and cleaning and
replacement of filters and emission control devices. PM does not
include any repairs. Specific functions to be performed under a PM

procedure are specified by fleet management and the manufacturers by PM
schedules (A, B, C, and D).

Fuel Codes may either be user defined or the default ATA Codes may be applied.
The system will accept up to 12 different Fuel Codes. The ATA Codes
are defined as follows:

1. Gasoline
2. Diesel
3. Liquid Propane Gas (LPG)
4, Liquid Natural Gas. (LNG)
5. Turbine Gas
6. Steam
7. Electric
8. Other
0 Non-applicable
The non-applicable category is for units which do not use fuel.
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Table A.1-1 (continued)

The Component Codes

(0X) Air Conditioning, Cab and Instrumentation Systems

01
02
03
04

Air Conditioning, Heating and Ventilation
Cab and Sheet Metal

Instruments, Gauges, Warning Devices, Meters
Aerodynamic Devices

(1X) Chassis Systems

11
12

(2X) Drive
21
22
22
24
25
26
27
28
29

Axles Front - Non-Driven (Front)
Axles Front - Non-Driven (Rear)
Brakes

Frame

Steering

Suspension

Tires

Wheels

Automatic Chassis Lubricator

Train System

Axles Driven - Front Steering

Axles Driven - Rear

Clutch

Drive Shaft(s)

Power Take Off

Transmission - Main - Manual

Transmission - Main - Automatic

Transmission - Auxiliary and Transfer Case
Transmission - Main - Manual (auxiliary section)

(3X) Electrical Systems

31
32
33
34

Charging
Cranking
Ignition
Lighting

(4X) Engine/Motor Systems

41
42
43
44
45
46

Air intake

Cooling

Exhaust

Fuel

Power plant
Electric propulsion
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Table A.1-1 (continued)

(5x) Accessories systems
51 General accessories
52 Electrical accessories
53 Expendable items
54 Horn and mounting
55 Cargo Handling, Restraints, and Lifts
56 Radio Equipment
57 Spare Wheel Mounting
58 Winches
59 Vehicle Coupling

(6X) Special Applications
65 Hydraulic Systems

(7X) Trailer and Container Bodies and Vessel Systems
71 Body (Except Bulk Carrier Body)
72 Rear Door
73 Tank Vessel - Inner Shell
74 Tank Vessel - Quter Jacket
75 Manholes
76 Rings and Bolsters
77 Trailer Frame
78 Trim and Miscellaneous Hardware
79 Safety

(8X) Heating and Refrigeration Systems
81 Heating Unit
82 - Refrigeration - Mechanical
83 Refrigeration - Nitrogen
84 Refrigeration - Cold Plates

(9X) Product Transfer Systems
91 Blower
92 Compressor
93 Engine (Auxiliary)
94 Lines
95 Manifold
96 Power Shaft
97 Pump
98 Valves - Regular
99 Safety Devices, Instruments and Gauges

Clearly, a number of these codes are not applicable to transit busses. In
particular, (7X), Trailer and Container Bodies and Vessel Systems, and (9X),
Product Transfer Systems must either be changed completely or be eliminated.
Produce Transfer Systems using blowers, compressors and pumps are not used on
buses. Components for items such as tank vessels, manholes, rings, and
bolsters, trailer frame, included in (7X), Trailer and Container Bodies and
Vessel Systems are also not applicable to buses. In addition, other items,
such as aerodynamic devices, auxiliary transmissions, winches, cargo handling,
restraints, 1ifts, vehicle coupling, and nitrogen refrigeration codes, are
also not applicable,
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A.2 COMPUTER TASK GROUP INC.
HERCULES VEHICLE MAINTENANCE REPORTING SYSTEM

1. Introduction

2. Description of the System
3. Hardware

4., References
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A.2 Hercules

1. Introduction

The Hercules Vehicle Maintenance Reporting System is an automation of the ATA
VMRS system described in Section A.1. It was developed by the Computer Task
Group Inc. (CTG) for use on an Apple II plus personal computer. It is
designed to collect, analyze, and report running costs for power units,
trailers, and refrigeration units of truck fleets. With some change of screen
formats it can also be used for buses. Hercules is designed to maintain
1ife-to-date records for all vehicles and vehicle types in the fleet,
including repair orders, fuel and oil purchases, and preventive maintenance
information. It also analyzes this data and prepares analytical reports,
including a running cost analysis. The following reports and analyses can be
produced:

1. Analysis of component failures

2. Measurements of vehicle performance

3. Compilations of maintenance histories

4. Calculation of cost per mile or per hour of operation

5, Preventive maintenance schedules for up to a year into the future

6. Identification of rework problems

7. Identification of high-cost maintenance areas

8. Evaluation of vehicle life-to-date and period-to-date statistics

9, Monitoring of timely cost recovery under warranty programs

10. Monitoring license renewals and inspection deadlines

11. Identification of the most cost-effective vehicle makes or models, or
engine and transmission types
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A.2 Hercules

2. Description of the System

The Hercules system was designed for use on an Apple II plus microcomputer.
It is menu driven, As shown is Figure A.2-1, it has the following eight
options which can be called up from the main menu:

1. System Utilities Menu

2. System Set-Up Menu

3. Unit ID Menu

4, Repair Order Menu

5. Preventive Maintenance Menu
6. Fuel 0il Purchase Menu

7. Analysis Menu

8. End of Day/End of Period Menu

The System Utilities Menu activates system housekeeping tasks. The Preventive
Maintenance, Unit ID, System Set-Up, and Fuel/0il menus are used to create
unit files. The Repair Orders and End of Period menus are used to create a
repair order file. The Analysis Menu option is used to perform analyses and
to produce output reports.

The system Set-Up Menu provides the capability to initially set-up system
codes, to add, change, or delete previously defined system codes, or to print
or display existing code definitions. Establishing or changing the definition
of the vehicle units is done by selection from the Unit ID Menu., The
possibilities include changing the description of a vehicle and changing an
assigned identification number.

The Preventive Maintenance Menu is used to create a schedule of preventive
maintenance (PM) for individual units or for the entire fleet. Fuel and oil
purchases are recorded by selecting from the Fuel/0il Menu. Repair orders are
created, changed, or reviewed by selecting from the Repair Order Menu. The
Analysis Menu permits analyses of repair orders, fuel and oil consumption,
cost of component repairs, and operating costs of a variety of units by mile
or hours of operation.
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The Systems Utilities Menu

The System Utilities Menu activates the routine maintenance or housekeeping
tasks which are necessary for proper operation of Hercules. Selecting this
option will allow a user to initialize data diskettes, change system
parameters, display diskette labels, restore the system in the event of
information loss, or check for information loss.

When diskettes are initialized, the program will request designation of system
parameters. These are characteristics of the system which can be defined to
meet the requirements of a specific hardware system and a specific user, The
established system parameters will be contained on Vehicle Diskettes, and all
diskettes within a specific Volume will function according to the parameters
included on that Vehicle Diskette.
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A.2 Hercules

The System Set-Up Menu

This menu allows a user to define, change, delete, or display the codes upon
which the Hercules system is based. The system will store and analyze
information in terms of nine series of codes. Each of the nine codes included
allows the user to designate unit maintenance and repair categories in
accordance with the company's reporting requirements. Four of these codes
apply to units, specifying unit location, fleet, activity, and fuel type.

Four others provide details about repair orders including repair site, repair
class, reason for repair, and components replaced or repaired. The last code,
Preventive Maintenance, allows specification of ten different preventive
maintenance schedules.

A user must define Location, Fleet and Preventive Maintenance codes, since
these codes are specific to a company's operations. The remaining codes may
either be assigned, or the American Trucking Association (ATA), Vehicle
Maintenance Reporting Standards (VMRS) may be selected as the default. Some
modification to the ATA codes are needed to use these for buses.

The Location Code indicates where a particular unit is based or where it makes
most of its trips. As many as 12 Location Codes may be selected. Location

may refer to anything a user wants it to refer to. In the transit environment
they could e.g. be used to identify bus garages, routes, or geographical areas.

As many as 12 Fleet Codes may be assigned. A fleet may be defined as a group
of units of the same kind (make, model, and year) purchased at the same time.
It may also refer to all units assigned to serve a particular geographic area,
garage, route, or managed by a certain foreman.

The Repair Site Code indicates where the repairs were performed and who
performed them. Up to 12 Repair Site Codes may be assigned to describe
particular garages, repair shops, or areas within the shops, such as body shop
or unit change shop, where repairs are performed.

A Repair Class Code may be used to indicate the urgency of repairs. As many
as epair Class Codes may be defined.

The system will accept up to 30 Reason-for-Repair Codes. Three major
Reasons-for-Repair Codes categories are used by ATA. The ATA
Reason-for-Repair Codes beginning with "0" and "1" refer to repairs made as
part of normal unit operations; codes beginning with "2" refer to repairs made
in response to management decisions; and codes beginning with "3" refer to
repairs made necessary by an outside influence.

The Activity Code describes the units' primary work activity, e.g. urban,
suburban, linehaul, or tripper. As many as 30 Activity Codes may be defined.
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A.2 Hercules

The Component Code is used during the entry of repair orders to designate the
part” which was replaced or repaired. The system only accepts two kinds of
Component Codes, "TI" and "PM". These refer to TIres and Preventive
Maintenance. These Component Codes are not part of the ATA VMRS system, but
have been added to allow a user to isolate preventive maintenance and tire
costs for each unit,

The Preventive Maintenance (PM) Code permits a definition of up to ten
different preventive Maintenance schedules numbered 0 through 9 for ten
different types of units. Each of these schedules includes eight PM
operations and their descriptions. The PM operation codes are defined by
alphabetic characters A through H. A PM operation code may be called for by
either mileage or a time interval in days, or both, which ever occurrs first.
An example of this for PM Code [0] is as follows.

Operation Description Meter Day
Code Interval Interval
A [OIL CHANGE ] [ 5000] L 1
B [LUBRICATION 1 [ 6000] [ 1
C [TUNE-UP ] [1o0000] [180]
D [TIRE ROTATION ] [12000] [ ]
E [INSPECTION ] [12000] [ ]
F [INSPECTION ] [24000] [ 1]
G [INSPECTION 1 [48000] [180]
H [REGISTRATION RENEWAL] [ ] L ]

The remaining two-digit Component Codes are set up in accordance with the ATA
VMRS foremat. The first number of the Component Code refers to one of ten
major system categories; the second number defines specific parts within those
systems.

Fuel Codes may either be user defined or the default ATA Codes may be applied.
The system will accept up to 12 different Fuel Codes. The ATA Codes are
defined as follows;

1. Gasoline

2. Diesel

3. Liquid Propane Gas (LPG)
4, Liquid Natural Gas. (LNG)
5. Turbine Gas

6. Steam

7. Electric

8, Other

0 Non-applicable

The non-applicable category is for units which do not use fuel,
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A.2 Hercules

The Unit Identification Menu

Hercules uses three types of Unit Identification: one for Power Units, the
second for Refrigeration Units, and the third for Trailers. Power Units can
include trucks, tractors, buses, service vehicles, automobiles, terminal
equipment, engineering and construction vehicles, and material handling
equipment.

The unit identification information may be organized in forms prior to entry
into the system. Copies of the forms are shown in Figures A.2-2, A.2-3, and
Ao 2'4.
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A.2 Hercules

The Repair Order Menu

The Hercules system allows selection of one of four options from the Repair
Order (R.0.) Menu:

- Repair Order Entry
For entry or adjustment of repair orders
- Repair Order Inquiry
Review one or more already entered R.0. by period or by amount of work
involved
- Update Major Repair Orders
- Repair Order Log
geguest a display or print listing of current, last period, or Major
L] .s.

The system will transfer newly entered Repair Order information to the Unit ID
file, so that each Unit ID record will contain up-to-date R.0. information,
However, the system will update the files only when the user returns to the
Repair Order Menu,

As many as 99 Detail Lines for each Repair Order Entry may be made. The
system will store up to 2400 records and will display the number used and the
number remaining in the upper left hand corner of the screen., R.0. totals are
accumulated for service performed inside and outside the organization.

Hercules allows either direct entry of data into the computer or manual
preparation of data by shop foremen or supervisors and data entry into the
computer by a clerk at some later time. The Repair Order form, shown in
Figure A.2-5, is designed to help prepare all information for the second
alternative, Header and Detail correspond to two separate screens for data
entry.
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A.2 Hercules

The Preventive Maintenance Menu

The Preventive Maintenance (PM) Menu is used to display the PM schedule for a
specific Unit ID number, and to display or print a PM Planning Report for all
units in the fleet. The first option, PM Schedule by Unit, is selected when
one wants to know when a specific unit is due for PM, or when one wants to
change the due-date for some PM event. The second option, PM Planning Report,
is selected when one wants to to 1ist all the units which are overdue for
certain types of PM. This report may also be requested for power, trailer, or
refrigeration units alone. The system allows designation of a "Lead Time" for
PM operations. This permits display of the units for which PM will become due
shortly (within the lead time specified), in addition to the ones for which PM
is currently overdue. Lead Time may be specified in terms of hours of
operation, mileage, or days.

- 63 -



A.2 Hercules

The Analysis Menu

The

The

The

Analysis Menu is used when one wishes to:

Compare Repair Order activity by Location, Fleet, Activity, Repair
Class, Repair Site, Reason for Repair, or PM Code;

Know the Fuel/0il1 Consumption rates and costs for each Unit in the
fleet;

Know the Components Repaired and the cost of these Repairs by Unit; and
Know running costs for each unit.

Repair Order Analysis Menu may be used to compare ROs according to:

Location Code

Fleet Code

Activity Code

Reason for Repair Code
Repair Class Code

Repair Site Code

Preventive Maintenance Code

Fuel/0i1 Analysis Menu can be used to compare fuel/oil consumption for
selected units according to:

Make Code

Fleet Code
Location Code
Activity Code
Meter Interval
Engine Make
Fuel Code
Transmission Make
Power Axle Make
PM Code
Compressor Make
Generator Make
Evaporator Make
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A.2 Hercules

An analysis of component repair costs can be obtained from the Component
Repair Cost Analysis Menu for selected units according to:

Make Code

Fleet Code
Location Code
Activity Code
Meter Interval
Engine Make
Fuel Code
Transmission Make
Power Axle Make
PM Code
Compressor Make
Generator Make
Evaporator Make
Brake Type

The Cost Analysis Menu is used to compare running costs for selected units in
terms of:

Miles (Hours) per Gallon of Fuel
Fuel Cost per Mile (Hour)

Miles (Hours) per Quart of 0il
0i1 Cost per Mile (Hour)
Component Cost per Mile (Hour)
PM Cost per Mile (Hour)

Tire Cost per Mile (Hour)

- Total Cost per Mile (Hour)

Each analysis may be made for either a Period-To-Date or Life-To-Date time

frame. The listing of the unit with the highest running costs is presented
first.
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A.2 Hercules

3. Hardware

The Hercules system was designed for use on an Apple II plus computer with
64KB RAM (Random Access Memory). Two disk drives, an 80-column display, and a
compatible printer completes the 1ist of necessary hardware.

A minimum of 15 140K Byte, single sided, single density diskettes are needed
to operate Hercules. Three of the diskettes are System Diskettes. The
remaining 12 diskettes are use to store data and are refered to as a "Volume".
A Volume is consists of four production data diskettes, each with two back up
copies to insure that data is not lost. Data are divided amongst the four
diskettes as follows: The "Vehicle Data Diskette" stores information about
each vehicle in the fleet. The "Current R.0. Data Diskette" store the current
repair orders. Data for the last period will be stored on the "Last Period
R.0. Diskette". Any repair order considered to be major will be stored on the
“Major R.0. Diskette".

The 12 data diskettes of a volume will contain space for approximately 130
vehicles, 2500 repair order records, and 250 fuel or oil entries. More
vehicles may be added by adding additional Volumes. Separate Volumes could
e.g. be created for vehicles of each type, or for vehicles assigned to one
garage, However, Hercules treats the information stored on one Volume as
totally separate from the information stored on another one, and will only
prepare reports for individual volumes. It will not process reports by
consolidating the information from multiple Volumes.

4. References

A.2-1 HERCULES vehicle Maintenance Reporting System User's Guide, Computer
Task Group Inc., 1982.
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A.3 Fleet Maintenance System

1. Introduction

The Fleet Maintenance System (FMS) was developed by DDS, Incorporated in
cooperation with the San Diego Transit Corporation. Approximately one year
was spent in the design, testing, and refinement of the system. Although FMS
was designed in conjunction with a specific transit authority, the concept is
applicable to any maintenance facility in any industry. The system is generic
since the units to be maintained are defined by the individual user, and can
be used with any type of vehicle, any type of equipment, any type of building,
or any other item requiring periodic maintenance, service, or inspection,

The DDS Fleet Maintenance System (FMS) automates all fleet maintenance records
and vehicle history information, and automatically issues timely instructions
for all necessary maintenance activities. The system also generates a variety
of management reports, and provides daily reports on all activities concerned
with fleet maintenance. The objective of FMS is to improve planning, reduce
downtime, optimize manpower, and increase vehicle life. It maintains a
history of each vehicle in the fleet according to predefined maintenance
activities, produces repair orders, and management reports, The Repair Orders
detail not only what is to be done to a vehicle, but the procedures for each
maintenance item. Preventive maintenance schedules are entered into the
system and repair orders are printed when associated time or mileage 1imits
are reached. Daily fueling and mileage data are entered via communications
data entry or media processing. This assures timeliness of the information
contained in the system and of any recommendations issued by it. The system
also generates a variety of management reports, and provides accurate daily
reports on all activities concerned with fleet maintenance, These reports
include the following:

Vehicle Inventory and Status,
Maintenance Activity Dictionary,
Repair Order Statistics,
Consumables Reports,

Road Call Reports, and
Inspection Reports,
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A.3 Fleet Maintenance System

2. Description of the System

To use the system, a description of the units to be maintained by group or
series must first be entered. A complete series description is needed to
differentiate one series from another and to clearly define the unique
characteristics of each., Basic data is entered for each vehicle, including
vehicle numbers, serial number identification, current mileage, and any other
relevant data needed to construct a complete file. Component information on
each vehicle is input separately, and this history is readily available.

The second step in the use of FMS is building a dictionary of all maintenance
activities required by the user. Such activities will likely include regular
maintenance on the engine, transmission, brakes, and all other components and
assemblies. Each maintenance activity is assigned a four digit

jdentifier number, and the entire maintenance function is defined in detail.
Standard Maintenance Procedures (SMP) can also be defined.

The third step is to combine the individual vehicle history data with the
dictionary of specified maintenance activities, and developing recommendations
for a preventive maintenance (PM) schedule for each vehicle,

The fourth and last step is to enter the most recent inspection history. The
system data base will then include the complete vehicle history, the
dictionary of specific activities to be performed on the vehicle, and the
current vehicle condition. FMS then automatically takes over the
responsibility of maintenance administration and record keeping.

Current mileage for each vehicle is entered as the vehicle is fueled. PM Work
Orders (W0) dependent on time or mileage are created automatically according
to the PM schedule, In addition to the PM Work Orders, the system maintains a
file of work orders for road calls, accidents, requests by foreman, unit or
component rebuilds, and service. These work orders can be created and
retrieved at any time by the foreman or other authorized personnel. Each WO
contains a clearly stated and fully explained Specific and Standard
Maintenance Procedure and all information needed by a mechanic to perform the
work. When the work has been completed, signed off and closed out, the
vehicle history is updated automatically.

FMS provides numerous management reports which enable maintenance managers to
monitor operations of the maintenance facility on a daily, monthly or annual
basis and to obtain information at any time as required. Up-to-date
information makes it possible to analyze trends on a daily basis and to
identify potential problems. Parameters for the operation of each series of
vehicles are established according to the manufacturer's specifications, or
modified by the experience of the maintenance manager., Format and content of
the reports may be modified to suit the the needs of the user.

- 73 -



A.3 Fleet Maintenance System

2.1 Work Orders

Work Orders and Action Orders are identical and are herein used
interchangeably.

PM Action Order

PM Work Orders are automatically generated from daily odometer readings input
when vehicles are fueled. The system examines the vehicle history and current
mileage, and then searches the PM recommendations and identifies the
maintenance activities needed. It then prints the required PM Work Order. An
example is shown in Fig. A.3-1. The W0's are used to schedule the vehicles
for inspection and are given to the inspection foreman and crew so that they
can follow the detailed procedures printed. When the inspection is completed,
the work order is signed, closed, and entered into FMS. This closing
automatically updates the vehicle history as well as other areas of the system
such as the Forecasting Module and State Safety Inspection Requirements.

Road Call Action Orders

Road Call Work Orders are printed as required when a vehicle is inoperative
off the property. This Work Order contains all pertinent information
regarding the time the vehicle broke down, the location, the route number, and
the defect, if known. An example of a Road Call Action Order is shown in
Figure A.3-2. It may be reformatted to conform to specific requirements. The
Road Call Work Order is issued to a mechanic, who completes it after
responding to the road call. The mechanic's entry closes the Work Order, and
the historical information is automatically updated. Road call information is
compiled in the Monthly Road Call Report, which highlightes units with a
history of excessive breakdowns.

Accident Action Orders

Accident Work Orders are used to estimate repairs for damaged vehicles,
including parts and labor. Figure A.3-3 shows an example of an Accident
Action Order., This work order is the primary tool needed to identify
corrective action, and aids in determining steps required for body work, and
paint and glass repair. A schematic of the damaged vehicle is included with
the work order to assist the Claims Department in identifying the precise
damage and determining appropriate insurance claims actions. Accident Work
Orders are treated differently from other work orders. They are, however,
closed out in the same manner as other work orders.
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A.3 Fleet Maintenance System

Foreman Request Action Orders

The Foreman's Request Work Orders are generated by the maintenance foreman, as
required, to perform on the spot repairs. See Figure A.3-4 for an example,

At the time the request is made, the PM Schedule is also checked. If the
vehicle is within some preestablished time or percentage limit of some PM
task, that task will be included in the work order. The limits used to

may be freely selected by the user. This feature encourages consolidation of
maintenance activities, possibly reducing vehicle down time. When a work
order is completed and closed, the history file is automatically updated.

Unit Rebuild Action Order

The Unit Rebuild Work Order shown in Figure A.3-5 is generated when an enigne,
transmission or other major component is to be rebuilt either in the
authorities' general repair shop or by an outside vendor. A component history
is maintained by the system. it includes identification of the vehicles the
component was installed in, the dates of rebuilds, the identity of the person
or unit rebuilding the item, and other related information. Components are
tracked by serial number, When the Unit Rebuild Work order is closed, the
component history is updated along with the vehicle assignment or shelf
status.

Service Action Order

The Service Work Order shown in Figure A.3-6 is used for routine servicing and
non-maintenance related functions on vehicles, equipment, or buildings. Any
number of units may be requested and is keyed to a specific maintenance
activity number, The Service Work Order, in many situations, provides the
;leﬁg?llity to track other items extraneous to the primary maintenance

ac Y.
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A.3 Fleet Maintenance System

2.3 Management Reports

Vehicle Inventory and Status Report

The Vehicle Inventory and Status Report, including the associated summary,
provides a complete inventory of all revenue and non-revenue vehicles by
series and vehicle numbers. An example of this report is shown in Figure
A.3-7. It includes all historical data pertaining to the vehicles, plus a
current status code and two lines of comments. This report is printed as
required.

Activity Dictionary Report

The Activity Dictionary Report is a complete list of every maintenance
activity performed by the maintenance facility. Figure A.3-8 shows an example
of this report. It includes a description of the maintenance activity,
reference to the appropriate Standard Maintenance Procedure and other
comments. It is intended to be a reference document for the foreman and can
be used to determine labor and facility needs and also training requirements,
This report is printed on request. The Activity Dictionary validates all
maintenance entries or requests.

Series PM Recommendations Report

The Series PM Recommendation Report is used to develop a PM schedule for each
series of vehicle. Figure A.3-9 shows an example of this report which is
printed when required. It identifies time and mileage related maintenance
recommendations for each series of vehicles. Recommendations may be altered
to accurately reflect intervals for replacement of critical components. It is
recommended that this report is reviewed at least quarterly.

Daily Exceptions Report

The Consumables Daily Exception Report, an example of which is shown in Figure
A.3-10, provides information on fuel, oil, automatic transmission fluid (ATF),
and coolant usage levels that fall above or below the allowed variances.
Standard variances are provided by FMS, but may be changed by the user to
conform to his own experience. This report is designed to identify the
vehicles with potential problems or inaccurate input data. The system
requires that actions are taken or corrections made before permanant files are
updated. This exception reporting allows detection of major problems and
assures accuracy and integrity of the consumables information files.
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A.3 Fleet Maintenance System

Consumables Month to Date Report

The Consumables Month to Date report provides complete information on
consumption of fuel, oil, automatic transmission fluid and coolant, summarized
by series and vehicle. An example of this report is shown in Figure A.3-11.
Established Timits or variances for each series make it easy to detect
potential problems, and to analyze fleet operations by series. Since these
consumables constitute a large portion of the total operating budget, detailed
reporting could assist in effective cost control. This report can be printed
on request or monthly,

Consumables Year to Date Report

The Consumables Year to Date Report summarizes all consumables usage by
accounting periods., See Figure A.3-12 for details. It provides an overview
of active vehicle miles, totals usage of fuel and other consumables, and
determines averages on an annual basis. A percentage of variance is also
reported, which provides a basis for establishing variance levels for daily
and monthly reports, This information can be used to plan annual budgets.

Not -Probed Report

The daily Not-Probed Report, and example of which is shown in Figure A.3-13,
indicates active vehicles that were not signed off as having the fare box
cleared. It enables management to closely monitor the daily revenue function.
It also includes the last five fuelings and mileages to assist in determining
vehicle status.

Monthly Road Call Report

The Road Call report details all road call activity for the entire fleet. It
can be printed weekly or monthly, by vehicle number, by defect, and by
operator number. Also included in this report is a summary by vehicle series.
This report includes mileage per vehicle between chargeable road calls.

Trends can easily be established for vehicle downtimes, and individual
operators can also be monitored. The report, shown in Figure A.3-14,
accumulates total time lost, lists individuals dispatched and gives applicable
work order numbers,

0il Analysis Report

The 01l Analysis Report is designed for users utilizing this method of
decreasing oil usage and detecting potential problems. The information
required for this report may be entered into FMS automatically via
communications lines with an oil analysis lab. All critical test areas are
included in this report, an example of which is shown in Figure A.3-15.
Trend analyses of accumulated data and recommendations for corrective actions
are also included,
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A.3 Fleet Maintenance System
C.H.P, Inspection Report

The California Highway Patrol report is used for transit authorities in
California. Figure A.3-16 presents an example of this report which is printed
on request. It satisfies all safety record requirements for Section 13, of
the California Administrative Code. This report can, however, be modified to
satisfy any agency or state safety inspection requirement. When an inspection
report is requested, the selected vehicle numbers are entered and their
maintenance history is printed, including all work orders, dates, mileages,
and inspections performed.

Component History Report

The Component History report, an example of which was not available at this
time, provides detailed information on component history. It includes all
rebuilt components, component 1ife, vehicle assignment, and warranty
reporting., Each component is tracked as a separate item, providing its own
historical reference. Replacement intervals can be changed according to the
experience of the transit authority, and full reporting to the manufacturers
is available for warranty items, Trend Analysis can be made, as well as
assessments of rebuild shops and personnel involved in rebuilding components.,

- 78 -



A.3 Fleet Maintenance System
3. Hardware

The Fleet Maintenance System is a microcomputer based system which operates on
a 8m Hz 68000 microprocessor (i.e., a 32 bit processor). Multiple 16 bit
peripherals and special function I/0 processors provide support in the
multi-user and multi-tasking environment,

One megaByte of virtual memory hardware operates at 120 ns. per board,
supporting the processor with fully pipelined memory access through a high
speed memory address translating unit. A1l memory accesses are fully
overlapped, providing high speed access to the entire 16 megaByte address
space per users with no memory map overhead.

Winchester disk and diskette support allows for flexibility in configuration
and up to 300 megaBytes of on-line storage.

Microprocessor controlled communications are also available to allow
communications with IBM mainframes, other hosts, regulated packet switching
companies (Tymnet, Telenet, etc.) and other mini and microcomputers under a
variety of protocols.

Printers are supported through the serial board which provides for eight
serial (RS232C) ports and two Centronics compatible parallel interface ports
per board.

The FMS operating system is an enhanced version of UNIX with an extensive set
of utilities. It provides virtual 16 megaByte 68000 processing capability.

In addition, it provides for efficient handling of interrupts through the 1/0
processor, and multi-user support.

4, References

A.3-1 Fleet Maintenance System Profile, DDS Inc., 1983.

A.3-2 Unpublished notes and memoranda, DDS Inc., 1983.
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ACTIVITY DICTIONaARY

"DO20 tROS1IK1)

aCT, ACTIVITY

CARD MRBLR DASLAIFTION
2000 MECHAMICAL SELTIUN  BRAKL SYSTEW
2001 BRAKE DEFECT
2002 AKES - VaNDAL ISR
2003 BRAKE LATHE/KIT FABRICATION
2011 whAKE WELING. | WONT AILE
D ¥ PaKE RCLINE - AT PRONT aXLE
2013 feaxy wELINK - o FRONT AsLEL
o3t BRAKE AELINE, DRIVE asil
2036 RAVE SELINE - w! (RIVE AZLE
2037 PRAKE AELINE - LT ORIVE ALl
2040 PeakE ALLINE - TRAILEK AILE
O SRAKE SELINE - AT TRAILOR AILE
2042 BRAKL WELINE - L1 TRAILLK AXL:
2148 ENERGENCY BRAKE ACLINE
2060 LRMERGENCY ONAKE RLLINC. INCL. (BUR ® o &
221 sRaKL SPIDEN, RKF, A & &
a2 PRaKy SPIDEW, &), ACPaR
A SHAKE SPICER, LF, k& R
2132 SRAKE SFiLEx. LF. REFAIN
an SRAXE SEILEN, R - (®IVE, RO W
213¢ whAKE SFIULk. K - LAIVE, REFALR
246} BRAKE SPIDER, L - ORIVE, R & K
2142 PRAKE SPICER. | - DRIVE. RrPAlk
1% BRAKE SPILEA, ® - TRAILEN, R ¢ &
21982 BRAKE SPILEN, R - TRAILER, MEPAIR
2168 PRAKE SPIDL&, L - TRAILER, & & &
162 PAKL SFITER. L - TRALLLR, ALPALK
2170 SLACK ACJUSTERS - O/n
2173 SLALK AUJUBIER - Ri . A & Kk
2172 SLACK ADJUSTER - LF, R L A
2173 SLACYK ALJUSTLR - & - DNRIVE. W 8 K
217e SLACKR ALJUSTEN - L - U&IVE. & & &
217 SLACK ACUUSTER - & - (RalLLE, A & &
2176 SLACK ADJUSIEN - L - TRAILEK, K & R

Alft SYSTEM UEVELT

AR EQUIPWENT - Q/M

AIR SYSTLA MINUR p.U, REVALR
AR COMPRESSON - kLNDIZ, K & &
. AlR CUMBRESHUR - BENDIX, O/w
222 Al% COVEMNOR vALVL., & & K
PRLSSURE PRUTLLTION vaLvE - Wk
EMERGCENCY RELEASE vaLVE - Rk
FamK COMTHUL VALJE - ROR
SYNCHARQ VALVE/CHeLk vaLvet - ALk
INVLASION VALVL - HBR

SRARE AFPLICATIUN VALVE - MAR
MOISTURE CJLCTOW VALVL - AR
SAFETY vaLvr, R o R

LOW Ll FuESIURE SuWITLN. R ¢ W
TREACLE vALVE, & & A

PhaKL [1AMmenaGRy - CUM-LETE, W & K
DAAKE DIAS™RACHS, KF, R & &

Activity Dictionary
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o321 (ROSaR1 )

PRIRARY ltw s ‘o
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D L LT T T T L L T X T T T T T T L LT T R L e R R L g

SIRILS o 020U

0100 Orr PROPENTY SERVICE
010} ROAD CALL
0103 ORIVER INITIAYED B.0.
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0829 STEAR CLEANTNG
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GIVERSION FURE, R 0 A
1020 'C’ INSFECTION REFER TO OMP © [/R-}
‘9’ INSPECTION
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INPSECT ATA COMPRESSOR Ry INTAKE & CXINALSY
CX al® CAUGCE ON DASM e OR-% LBS - ATPLACK

TEST ALk 1aNK CHECK vALVES
CHANCE SECONDARY FUEL FILTEA

R/k WINCSHIELD wWiPCk AIR STRAINER
Lubl CONTRQOL &OD LINKAGE
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CHaNCE TRANSHISSION OIL & FILTER 2¢ QT8

ALJUST RIDL wEIGMT
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Series PM Recommendations
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oesx2 1010 ‘D* INGPECTION 0621330
1020 ‘C’ IMBPECTION 0632016
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A.4  CPMu/v

Introduction

CPMU/V is a software system for general analysis and control of rolling stock
in single or multiple units. The system includes cost accounting, cost
control, daily control of operations, general purpose fleet management
information, fleet administration, vehicle efficiency and performance
capabiTities, vehicle repair history, lease or purchase benefit options, and
capital investment payback functions.

CPMU/V is one of the many applications of the applications generating
language, CPMU (TM). The programs and algorithms of CPMU provide for
comparative analysis of variables. These variables can be of any kind. They
include, but are not limited to: accounting codes, components of structures
such as machines, organisms, celestial systems, and conceptual abstractions
such as mathematical systems, molecular constructs, conceptual patterns. The
comparative analyses can also be of any kind. They include, but are not
limited to logical, spatial, mathematical, cost, efficiency, performance,
correctness proveability relationships.

CPMU/V is designed for management and control of any type of fleet. Reports
of fleet expenses, driver expenses, mechanic productivity, component and
assembly cost analysis, fuel, and vehicle histories are provided by the
system. Incorporated into this system is a report generator that provides
exception reporting, query functions, and capability to reformat reports. For
example, the following query, although uncommon in its selection criteria,
illustrates the capability and flexibility of the CPMU/V system:

"What is the average cost per mile of all 1980 Chevrolet Citations,
based 1in Kansas, assigned to zone 7, with 6 cylinders, with
automatic transmissions, with more than 40,000 miles, with fuel
consumption between 21 and 23 miles per gallon, with parts costs
greater than or equal to $168.00, with Personal Use Credit less than
$650.00, and with total costs more than $875.00?"

In addition to all of the enumerated variables, descriptive or calculated and
provided with CPMU/V, descriptive variables for record selection and report
generation can be added.

CPMU/V is designed to operate on a variety of microcomputers, such as the
Apple 11, TRS-80/II, Northstar and IBM Personal Computer, with CP/M or MP/M
operating systems and dBASE II. The minimum disk storage requirement for the
system is 378 K bytes either on hard disk or distributed on floppies.
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A.4  CPMU/V

2. Description of the System

The CPMU/V system calculates vehicle fuel and repair expenses including parts
and labor costs. It also calculates any other vehicle expenses which are
recorded, such as depreciation, personal use credit, purchase price,
insurance, etc. The files needed for these calculations may be converted
directly from the users current manual files. The user may define his own
coding system or use the CPMU/V coding system, which is based on the American
Trucking Association Vehicle Maintenance Reporting Standards (VMRS) coding
system described in Appendix A.1, above.

The CPMU/V system is menu driven., The main menu contains the following
options:

1. File Maintenance (add, change, delete, or list)
2. Reports

3. Quick Inquiry by Vehicle

4, Post Data to Cost Files

5. Quit

Selecting Option 1, File Maintenance, will call the File Maintenance Menu with
the following options.

1. Vehicle File

2. Repair Order File
3. Fuel File

4, Expense File

5. Miles File

6. Codes File

7. Quit

Each option represents a different computer file. These files are described
in Section 2.1.

Selecting Option 2, Reports, of the Main Menu will call the Report Menu with
the following options:

1. Management Reports (with selection criteria)
2. Master user Defined Report

3. Master Cost Summary Report

4. Master Fuel Usage Report

5. Master Cost Analysis by Code Report

6. Quit

This menu aliows the generation of master reports and management reports. The
reports are described in Section 2.2.

Selecting Option 3 of the Main Menu, Quick Inquiry by Vehicle, will call the
Quick Inquiry Menu shown in Figure A.3-14.

Selecting Option 4 of the Main Menu, Post Data to Cost Files, will call the
Posting Menu shown in Figure A.4-15.

- 98 -



A.4  CPMU/V

2.1 Files

Vehicle File

This file describes each vehicle by items, such as its number, make, model,
and driver. The information is initially entered during the program set-up,
but can be changed at any time,

Repair Order (R.0.) File
This file describes vehicle repairs. It is divided into the following three
parts:

a. R.0. Header File
The Repair Order Header contains data such as time and place of repair,

vehicle number, reason for repair, and repair order number.

b. R.0. Parts File
This file contains each part used to repair the vehicle. Each entry is
related to the repair order number of its associated repair order
header,

c. R.0. Labor File
This file contains the labor hours used to repair the vehicle. Each
entry is related to the repair order number of the associated repair
order header,

Fuel File
This file contains the date, amount and cost of the fuel used by each vehicle.
Inquiries of fuel usage by vehicle may be made for any period.

Expense File
This file contains the date, cost, and type of vehicle expenses other than
parts, labor, and fuel,

Miles File
Contains odometer readings for each vehicle,

Codes File
Contains a code number and description for each repair category, and expense
category that is to be monitored. These codes are initially defined

durin? set-up, but can be changed at any time, The ATA codes are the
default,

Examples of listings of these files are shown Figures A.4-1 through A.4-8.
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2.2 Reports
Master Cost Summary

Summarizes the total cost and cost per mile of each vehicle, average cost
per vehicle and per mile of all selected vehicles, and the total cost of
all selected vehicles. Included in this report is the vehicle number,
make, model, fuel, labor, and parts costs, and other expenses (see Figure
A.4-9),

Master Fuel Usage Report

Contains the vehicle number, opening and closing odometer readings from
the Miles File, miles travelled, gallons used from the Fuel File, and the
miles per gallon of each vehicle. Also contained in this report is the
average fuel usage per vehicle of all selected vehicles, and the total
miles and fuel usage of all selected vehicles (see Figure A.4-10).

Master Cost Analysis by Code Report

Contains a summary by vehicle for each labor, part, or expense code, and
the cost per mile and total cost over month-to-date (MTD), year-to-date
(YTD) and term-to-date (TTD) periods. The Average Total per Vehicle is
the summation of vehicle totals divided by the number of vehicles. This
can be determined for all selected vehicles and all selected components.
Since the set of codes can represent assemblies, subassemblies,
components, and parts, these averages, when compared to the average of
other sets of codes, provide a means of comparative component and
structural analysis. Groups of codes may also be compared. Grand totals,
which are a summation of all the vehicle totals, are also provided (see
Figure A.4-11).

Management Reports

Provides a versatile "user friendly" unlimited report selection
capability. The report foremats of the Management Reports is the same as
the Master Reports previously described, i.e. Cost Summary Report, Fuel
Usage Report, and Cost Analysis by Code Report., The difference between
the Master Reports and the Management Reports is that the Master Reports
report on all vehicles and compute the totals and averages for all
vehicles. ~The Management Reports generate reports on only those vehicles
specified and base totals and averages on only the specified vehicles.
This capability provides considerable flexibility in performing
comparative analysis (see Figures A.4-12 and A.4-13 for details).

Master User Defined Reports

Allows the user to print or display a report of any foremat the user wants
to specify.
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3. Hardware

The CPMU/V system is designed to operate on either an 8080, 8085, or Z-80
based microprocessor systems such as are available in the Apple 11, TRS-80/II,
or Northstar, or any system which emulates these processors, or the IBM
Personal Computer. The minimum memory size required is 56 K bytes. For the
IBM Personal Computer 96 K bytes is required.

One or more disk or diskette units is required. For single disk or diskette

units, the minimum required storage capacity is 378 K bytes. For two or more
disk or disketts units, the minimum required storage capacity is 126 K bytes

per unit.

The CPMU/V system requires either the CP/M or MP/M qperating system (Version
1.4 or 2,X) or a CP/M or MP/M emulator and dBASE II'. The version of dBASE II
must be compatible with the users version of CP/M and the hardware

configuration. dBASE II facilitates the manipulation of fields, records, and
files to manage data as desired.

4., References

A.4-1 CPMU/V, The Facts Corp., 1983.
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A.5. Fleet Controller

1. Introduction

Fleet Controller is a fleet management system developed by Fleet Technologies
International. Its capabilities include the following.

- Maintenance of vehicle histories,

- Processing of repair order information,

- Track of fuel and fluid consumption,

- Tracking of major component rebuild histories,

- Tracking of vehicles and vehicle usage,

- Scheduling of preventive maintenance (PM),

- Monitoring of mechanic seniority levels and labor rates,

- Monitoring of road calls,

- Compilation of cost reports.

Fleet Controller uses the Vehicle Maintenance Reporting Standards (VMRS) of
the American Trucking Association, described in Section 2.1.

It uses a network data base management system, MDBST, with the capability to
capture detailed maintenance history descriptions. The VMRS numerical codes
are translated into understandable English descriptions for report generation.
MDBS allows interface with electronic spread sheets for budgetting. The
system has an inquiry capability and the capability to create exception
reports, when required.

Fleet Controller was designed for operation on the IBM Personal Computer with
64K bytes of main memory.
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2. Description of the System

The Fleet Controllier is a menu driven system. The functional capabilities are
described by stepping through the main and subsequent menus and by describing
the outputs provided by the system.

2.1 The Menu Options

The Main Menu Options

(A) Mechanic and Vehicle Set Ups
(B) Daily Fuel Data Entry

(C) Repair Order Entry

(D) Reports and On-Line Screens
(F) Transfers and Deletions

(G) Mechanic and Vehicle Changes
(S) Stop

Any of these functions is selected by entering the accompanying letter. The
system responds by displaying one of the lower level menues. These are
described in the following.

The Mechanic and Vehicle Set Ups Menu

(A) Venicle Description
(B) Division

(C) Vvehicle Addition
(D) Mechanic Addition
(E) Reason for Repair
(F) Work Accomplished
(G) Position

(H) System

(I) Component

(J) Indirect Labor

(X) Return to Main Menu

This Menu is used to set up the system for the first time as well as for
future additions., Desired functions are selected by entering a letter, The
system was designed for a user to incorporate his own organizational
structure. After vehicle descriptions and divisions (at least one) are
described, specific vehicles and mechanics are entered. The remaining
functions (E) through (J) are pre-established according to American Trucking
Associations VMRS Codes. Additional codes may, however, be added.
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A single labor rate is provided for each division, Thus, only the average
labor cost of repairs at a division may be provided, and it is not possible to
determine the specific cost of a single repair,

The description of mechanics is entered by number, name, Social Security
Number, date hired, and Division Number.

The indirect labor codes include items such as: supervision, fueling buses,
washing buses, parts pickup, parts handiing, waiting for parts, no
instructions, shop maintenance, cleaning shop, snow removal, training,
personal injury, radio repair, brake adjustment, changeout bus.

The Daily Fuel Data Entry Menu

(A) Enter Data
(B) Enter PM Data

(X) Return to Main Menu

These functions permit the user to enter, for each vehicle, the fuel and oil
consumed and miles driven each day. The fuel and engine and transmission oil
consumed are input from the fueler's daily fuel Tog. 0il changes are
differentiated from adding oil. The miles driven are calculated from route
schedules and entered along with fuel log data. Any preventive maintenance
performed on a vehicle is also entered from daily reports.

The Repair Order Entry Menu

(A) Data Entry
(X) Return to Main Menu

The Repair Order Data Entry function permits the user to enter repair order
data from shop RO's. The repair order data include: date, mechanic, indirect
and rebuild type, vehicle no., last and current mileage. also included are
system repair details, especially, reason for repair, work accomplished,
system, component, position, and time to repair,

The Reports and On-line Screens Option of the main menu does not lead to
another menu, Rather, instructions for entering the Query will come up on the
CRT. It enables the user to select data for immediate on-l1ine review, One of
22 Standard Reports may be selected, or the user may create any desired report
from the input data.
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The Transfers and Deletion Menu

(A) venicle Transfer

(B) Mechanic Transfer
(C) vehicle Deletion

(D) 01d History Deletion

(X) Return to Main Menu
This menu is used to remove data no longer needed for fleet operation, and to
transfer vehicles and mechanics from one division to another. 01d histories,
including maintenance records prior to a specified year and month, may be
deleted.

The Mechanic and Vehicle Changes Menu

(A) Mechanic Data

(B) Vehicle Description

(C; Reason for Repair Description
Work Accomplished Description

(E) Position Description

(F) System Description

G) Component Description

H) Indirect Labor Description

I) Special Vehicle Code

J) Labor Rate

This menu allows the user to make changes to data entered previously, or to
correct entry errors. It also allows changes to labor rates and to establish

groups of special vehicles.
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2.2 Outputs

The "Reports and On-line Screens" option of the main menu provides access to
Query and permits selection of any of 33 standard reports. If these reports
are inadequate, others may be freely created by the user. Table A.5-1 lists
the standard reports. Quick Name is the code used for a report in Query.

History Reports

Historic information can be retrieved either by systems or groups of systems,
or by vehicles or groups of vehicles. Considerable flexibility exists in
defining the vehicle groups. They may represent vehicles of the same type,
groups of vehicle numbers, vehicles assigned to an organizational unit, or
other selected combinations. The listings may be arranged in chronological
order, or first organized into systems and then chronologically ordered.
Moreover, histories can be retrieved in any format for some specific
condition, or for a set of conditions. Totals for all listings can be
determined. New categories can be added at any time for almost any of the
codes,

History reports are the repair detail records of each vehicle in the fleet.
Figure A.5-1 shows examples of vehicle history by system and by date. An
example of a Road Call Report is shown if Figure A.5-2. The Complete History
Report is generally produced annually for archival purposes in conjunction
with clearing old, unneeded data out of the system.

Road Call Reports can be generated for any time period, and for almost any
type of condition. For example, all road calls for 1982 that resulted in turn
signal flasher repair or replacement could be listed.

Fuel Consumption Reports

MiTes per gallon, miles per quart of engine oil, and miles per quart of
transmission oil for the current month, year-to-date, or over the life of the
vehicle are reported. Reports can be produced for any time interval. They
can also be generated by division and vehicle type. Vehicle type Summary
reports are provided for analysis of trends at alternative locations.

An example of a Fuel Consumption Report by Vehicle is shown in Figure A,5-3,
The miles per quart of transmission fluid (MPQT), on a monthly basis, could
provide an indication of potential transmission leakage problems. Engine oil
fuel consumption may be used similarly. Examples of monthly and annual Fuel
Consumption Summary Reports by division and by vehicle type are shown in
Figure A.5-4,
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Preventive Maintenance (PM) Scheduling

Scheduling of preventive maintenance can be done for four different levels (A,
B, C, and D) of preventive maintenance. The user specifies the mileage
intervals for each level, These intervals can be changed at any time and can
also be different for different reasons or vehicle types. A very short PM
interval (500-1,000 miles) may be specified on break-in 0il, so that it, and
the unavoidable high-wear assembly contaminants in it, can be removed on time,

Special preventive maintenance (SPM) events may be scheduled in the following
fife categories:

Engine
Transmission
Differential
- Cradle
- Other

To obtain a standard PM Due Report, the user specifies a "lead time interval"
within which the due dates of the maintenance events to be displayed are to
fall. A separate report may be printed for each type of maintenance event.
The examples shown in Figure A.5-5 are exception reports of all vehicles with
an 800 mile lead time on a 9000 mile APM and a 27,200 mile BPM. A PM report
may also be produced for a single division. Each PM Due Report is accompanied
by a report on the current month's fuel, engine oil, and transmission o0il
consumption,

The system permits the preview of PM's for workload planning.

Inventory Reports

Three types of inventory reports are produced: vehicle inventory, mechanic
inventory, and mechanic seniority . The Vehicle Inventory Report shown in
Figure A.5-6 lists all vehicles by type within a division. A listing of
mechanics by number for each division or mechanic seniority for all divisions
is shown in Figure A.5-7.

Information contained in the Mechanic Seniority Reports may be compiled in
many different ways, including the following:
- Alphabetically, by last name for any organizational unit or for the
entire organization,
- By employee number for the entire organization.
- By seniority, date, and division.
- By seniority date.
- By seniority date within a classification and within an organizational
unit, or within the entire organization,

Major Component Rebuild Summary

The Major Component Rebuild Summary, shown in Figure A.5-8, tracks the rebuilt
component from installation through its life, even if cycled through more than
one vehicle, RBL is the rebuilt component number that is recorded each time
the component is rebuilt,
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Component Rebuild History Reports allow the allocation of labor, time and cost
of rebu ng to major components such as engines and transmissions. Time and
cost may be retrieved at any time by serial number of the component. These
costs can be added to an individual vehicle's history when the component or

assembly is installed. Serial numbers are recorded to provide audit trails in
case of quality control problems.

Monthly Consumables Audit Report

An exampie of a Monthly Consumables Audit Report is shown in Figure A.5-9. It
contains a record of the total fluids used in the system for any month or
year-to-date, or over the life of the system. These totals can be compared
with the quantities actually purchased. Also contained in the report are

total miles driven,

Daily Data Entry Check
The Daily Data Entry Check is a report used to check the correctness of the
day's input. It is generally not printed.

Utility Reports

Tistings in increasing order of the vehicle numbers and mechanic numbers may
be produced. Also, listings of description codes used by mechanics when
filling out repair orders may be printed.

Non Standard Reports

Figures A.5-10, -11, and -12 are examples of non standard exception reports
created by making logical comparisons. For example, a request may be made for
all vehicles with mileage greater than (>) 100,000 or older than (<) 04/01/82.

Figure A.5-10 shows an example of a request for a road call report for July
1982; a request for a report, listing all warranty maintenance performed by a
given division; and a request for a report listing all preventive maintenance
performed on vehicle 4500.

Figure A.5-11 shows an example of a request for a report on the front brake
relining history of vehicle 8144,

The examples shown in Figure A.5-12 illustrate a fuel consumption summary for
a vehicle type (GMC v8) for 1982, and a preventive maintenance report for a
group of special vehicles. The top part of the figure shows the fuel
consumption, by vehicle, at division 32, for the three month period of July,
August, and September 1982. The lower part of the figure 1ilsts the mechanics
of Division 32 and the dates of their hire.
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Cost Reports

Summaries of costs in terms of total cost and cost per mile for fuel, parts,
labor, and total maintenance for each month, year-to-date, and 1life-of-unit,
for each vehicle and for each group of vehicle types within a division, can be
produced. The summaries for each month are retained, so that multi-month
comparisons may be made. The cost per mile for an individual vehicle may be
compared to the cost per mile of the vehicle type. Costs can also be
determined at the system level (i.e., engine, brakes, cranking system, etc.)
for the life-of-unit by individual vehicle and by vehicle type. Any of these
costs can be included in the detailed history, for retrieval on demand by
individual vehicle, or by group of vehicles.

3. Hardware

Fleet Controller was designed for use on the IBM Personal Computer XT with at
least 64 K bytes of memory (RAM). The basic system unit contains the 8088
processor, a 10 M byte fixed disk drive, 320 K byte dikette drive, an
asynchronous communication adapter, and 128 K bytes of memory.

4, References

A.5-1 Fleet Controller - A Total System for Vehicle Maintenance, Fleet
Technologies Inc., 1982.

- 125 -



X % X STANDARD REPORTS X X X
Table of Reports
gURE——
REPORT NaME QUICK NaME COOE
| —/——= f#
history reports
t. Vehicle Repair History by System H1ST PATH §-
2. Vehicle Repair History by Date HIST PATH2
3. Road Call Report (Reason ¢or Repair) HIST PATH3
4. Complete History (Annual Archival) ARCHIST PATH3
fuel consumption reports
S, Fuel Consumption Report by Vehicle FUEL PATHA
é. Fuel Consumption Summary by OV & VT FUELVT PATHE
preventive maintenance
?. Preventive Maintenance Due Report PM PATHAY
inventory reports
8. Vehicle Inventory (two qQuick names) LJEHXCLE INV | PATHS
9. Mechanic Inventory Report MECHANIC |PATH?
16. Mechanic Senority Report MECHANIC |PATHS
misce! laneous reports
1t. Major Component Rebuilt Summary REBUILT PATH?
12. Monthly Consummables Audit Report AUDIT PATH10
13. Daily Data Entry Check HIST PATH1
utility reports
14, List of Vehicle Numbers VEHLIST
1S. List of Mechanic Numbers MECHLIST
16. Vehicle-Type Codes VEHTYPE
1?. Reason for Repair Codes REASON
18. Work Accomplished Codes WORK
19. System Codes SYSTEM
20. Component Codes COMPONENT
21. Position Codes POSITION
22. Indirect Labor Codes INDIRECT
(no CODE required for utility reports)

Copynght 981 982

FLEET TECHNOLOGIES INTERNATIONAL Reproduction by sny method is strictly prohibited
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=) ROAD CALL REPORT FOR JANUARY, 1982

VEWN SY DATE MILES WORK DONE MECH TIME RON

4a%e0 27 01/06/1982 106308 RPL RBLT AUTO TRANS 8003 8 30123
4%09 27 01/19/1982 108850 RPL RBLT AUTO TRANS 9003 ? 30930
asee 27 01/89/1902 108630 CLEAN VALVE B00Y 9003 6 30928
4%00 27 01/08/1982 1083520 RPL RBLT TRANS GOVERNOR 9003 3 36910
4580 27 01/07/1982 108480 ADJUST SHIFT LINKAGE 08083 2 30098
4%30 44 81/1%/1982 1246250 RPL RBLT FUEL INJECTOR ALL 00eé é 71288
4500 44 01/16/1982 1262%@ RPL RBLT FUEL INJECTOR ALL 00046 4 71298
4500 4S5 91/22/1982 127899 RPL NEW 1| OR 2 LINER KIT #é6CYL 0006 7 71361
4500 4% 01/23/1982 127898 RPL NEW | OR 2 LINER KIT #eCYL 8006 é 71364

»
0

300 3% X
um

Figure A.5-2
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VEWN YRMO
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MONTHLY VEHICLE TYPE SUMMARY -
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76 AMG 35 VS8
26 GMC 49 V8
74 AMG 33 V8
76 GMC 40 ve

VEHICLE TYPE SUMMARY FOR

DESC

76 AMG 35 vs
76 GMC 48 v8
76 AMG 3S ve
76 GMC 48 vs

mMPQ MPQT
3000.0 272.?7
310.9 3l00.0
16339.0 1686.4
29S.8 2950.0
313.9 3150.9
30S.0 30S0.0
193.3 2900.0
303.0 6190.0
249.2 173S.0
2133.3 3200.0
29S.0 29350.0
1214.2 3e?s.0
833.8 23%91.6
Figure A.5-3
MPG MPQ
4.1 $94.8
4.1 30S.0
4.9 238.8
4.1 S34.8
4.1 408.1
1982
MPG MPQ
4.9 316.6
401 283.‘
4.9 288.7
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Figure A.5-4
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9/30/82

=) P OUE REPORT
DV VEMN YRMO ™MPG ™MPQ HMPQT APM
31 4500 8209 4,0 223.0 34600.0 7200.0
31 4801 8209 4.2 340.9 864.7 6800.90
32 45%0 0209 3.9 328.0 3250.8 6500.90
32 4850 0209 4.2 348.0 34%0.¢ 6900 .0
ne of observationst 4
-=) PM DUE REPORT FOR 28,008 MILES 9/30/82
DV VERN YRMO PG MPQ mMPQT 8PM
31 4%01 8209 4.1 296.8 2760.0 27600.0
31 4800 8209 4.1 298.4 277%.0 277%0.9
32 4881 8299 4.2 304.3 2830.0 28390.0
32 46831 820°9 4.2 14S.0 2900.0 29000.0
ne of observations! 4
-—) PM DUE REPORT FOR DIVISION 32 9/30/82
DV VEMN YRMO MPG MPQ mMPQT B8PM
32 4881 8209 4,2 304.3 2830.0 28308.9
32 4351 8209 4,2 148,90 2900.0 29000.0
no of observations: 2

Figure A.5-5
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e1 726 AMG 33 V@
0L 76 AMG 35 V8
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02 76 GMC 40 V8
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START DATE

01/01/1982
01/91/1982

01/01/1902

01/701/19082

01/01/1982

01/01/1982

01/01/1982
e1/01/1982

Figure A.5-6



-—d MECHANIC INVENTORY BY DIVISION JUuLy 31, 1982

MECH MECHNAME oV
060! BOCHER,AL 31
0092 PHILLIPS,MARY 3
0004 RICHARDSON,JANE 31
9999 COMPONENT REBUILD 31
8003 THOMPSON,AL 32
8004 MARTINEZ ,EMANUAL 32
8003 SMITH,BOB 32
ne of observations! 7
-=) MECHANIC SENORITY REPORT JULY 31, 1982
MECH MECHNAME OV HIREDATE
8004 MARTINEZ ,EMNUAL 32 11/23/1980
2003 THOMPSON,AL 32 19/12/1981
8006 RICHARDSON, JANE 31 18/716/1981
0002 PHILLIPS,MARY 31 1272371981
90801 BOCHER, AL 31 01/01/1982
2088 SMITH,BOB 32 11/25/719982
9999 COMPONENT REBUILD 31 01/01/1999
no of observations! 7

Figure A. 5-7



RBL

T100
T100
Ti00

REBUILT SUMMARY
DATE MECHNAME
01/03/1982 BOCHER,AL

81/83/1982 BOCHER,AL
01/04/1982 BOCHER,AL

FOR Tiee
RON
104359

10613
163501

Figure A.5-8
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=) MONTHLY CONSUMMABLES AUDIT REPORT

YRMO OV UT MILES FUEL olL
8207 31 91 12200 30600 46
8207 31 02 12200 3000 49
24409 6000 86 sum
8207 32 0! 11900 3000 74
8207 32 02 123090 3000 47
24200 6000 121 sum
486080 12000 207 sum

Figure A.5-9
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4300
45089
43500
43509
4300
4500
4500

VEHN

4508
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43S
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49

DATE

07/16/1902
07/13/ 1982
072/23/1982
0772271982
07/11/1982

OATE

08/30/1982
S/ 10/ 1982
0S/10/ 1982
S/11/1982
0/ 10/1982
03706/ 1962
83/07/1982
07/18/1982

DATE

08/23/1982
08/23/ 1962
03/22/1982
01/20/1982

ROAD CALL REPORT FOR MONTH OF JULY, 1962

MILES WORK DONE MECH
126280 RPL RBLT PUEL SYS ALL 0006
126230 RPL RBLT FUEL INJECTOR ALL 0094
1278990 RPL NEW 1 OR 2 LINER KIT #4CYL 0806
127898 RPL NEW 1 OR 2 LINER KIT #6CYL 0006
123100 ADJUST ENGINE 0006
633380
REASON FOR REPAIR = WARRANTY

MILES WORK DONE MECH
132000 OVERHAUL BRAKES REAR 6003
116207 OVERHAUL BRAKES FRONT 0003
116207 RPL NEW S CaM RT FT oe0eS
116207 ADJUST SUSPENSION SYS LF FT 0008
108830 RPL RBLT AUTO TRANS 0003
108300 RPL RBLT AUTO TRANS 999
108482 RPL RBLT ELECTRIC STARTER 0003
126979 RPL NBW FUEL INJECTOR #4eCYL 0006

933223

PM HISTORY ON VERICLE NUMBER 4%09

MILES WORK DONE MECH
131360 PM *C*  PREVENTIVE MAINT 0004
131300 PM *C*  PREVENTIVE MAINT 0004
117160 PM *8°  PREVENTIVE MAINT 0004
102200 PM *B°  PREVENTIVE MAINT 0004
481990

Figure A.5-10
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8/2%/82

eo) FRONT BRAKE RELINING
VEMN §Y 0ATE MILES WORK DONE MECH TIME RON
8144 13 05/24/1902. 72300 RPL NEW BRAKE LINING(S) FRONT 0004 4 4612
8144 13 05/02/1982 70152 RPL NEW BRAKE LINING(S) FRONT 0006 4 4298
8144 13 03/15/1982 46000 RPL NEW BRAKE LINING(S) FRONT 0086 S 4088
200432 14
um
—e) GMC V8 FPUEL CONSUMPTION FOR 1982 12731/82
oV VT DESC MPG MPQ MPQT
33 07 01 GMC 40 V6T 4,1 227 .4 3028.90
34 07 91 GMC 48 V6T 4.0 293.6 1636.6
4.1 261.3 2330.8 ave
-e) P OUE FOR SPECIAL VEHICLE CODE ¢ ?/731/82
DV VEMN YRMO MPG ™MPQ MPQT APM™
33 8101 8207 4.3 2133.3 3200.0 6900.0
34 8187 8207 4.0 3000.0 272.7 7200.0
34 8109 8207 3.9 193.3 2900 .0 6500.0
34 8112 8207 4.2 31S5.0 31%0.9 46800.0
no of observations: 4

Figure A.5-11
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A.6  TRANS-PAC

1. Introduction

At the time TRANS-PAC was developed, microcomputers were not available and
minis were the smallest, least expensive systems, Their only real competitors
were service bureaus and time share systems. These were undesirable for many
transit authorities because of the lack of timeliness and accuracy of
information,

MTD Project Services Company, a subsidiary of MDS Qantel, Inc., a corporation
specializing in business computer systems, developed a business system for
small to medium sized transit authorities that would assist the limited
clerical staff of a typical transit authority in performing the ever
increasing record-keeping function and operational processing. Much of the
development was done in collaboration with Arthur Andersen & Co., which was
involved in Project FARE (Financial Accounting and Reporting Elements), an
UMTA funded, transit industry sponsored effort to define a uniform external
reporting system. The objective of FARE was to specify key financial and
operating data, which could be uniformly reported to allow for aggregate
industry analyses, and provide a basis for meaningful comparisons between
transit systems. In addition to describing this system for external
reporting, the FARE Task Report (Reference A.6-1) also recognized an urgent
need to improve the internal management information system. It was determined
that relevant information is often not available to assist transit management
in fulfilling their responsibilities: establishing goals and objectives;
developing implementation strategies and plans; monitoring actual performance;
and evaluating alternatives for corrective action. In response to these
needs, UMTA sponsored an extension of Project FARE, which resulted in the
framework for many of the current management information systems. TRANS-PAC
is among these systems.

TRANS-PAC is designed to meet all operational needs of small to medium size
transit authorities with between 20 and 500 vehicles. In its smallest
configuration it is operational on a Quantel System 20 minicomputer. In
addition to vehicle maintenance and inventory control, the system provides
other operational, administrative, and Section 15 reporting functions
including the following:

Revenue and ridership reporting

Payroll;

Personnel attendance records processing;

Processing of claims and safety records;

- Accounting and financial reporting;

- Accounts payable;

- Accounts receivable;

- Fixed asset accounting,

- Section 15 passenger trip sampling, and level B and C reporting;
- Generation uf user-defined reports.
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A.6  TRANS-PAC

2. Description of the System

2.1 Vehicle Maintenance

The primary objectives of the Vehicle Maintenance software component are:

cost accumulation for labor, parts, and overhead by vehicle; tire control; and
fuel and oil usage monitoring. To provide these, the system performs the
following specific functions:

1.

3.

Preventive Maintenance Scheduling

The schedule for preventive maintenance is updated daily for all
vehicles within a user specified number of miles or days of requiring
an inspection or service. A vehicle remains on this schedule until
all work has been performed.

Fuel and 0il Consumption Monitoring

Fuel consumption, oil consumption, and vehicle mileage are monitored
daily. Miles per gallon and miles per quart are determined daily and
those vehicles with consumption rates autside user specified limits
are reported in a daily exception report.

Work Order Accounting

Each task performed by a mechanic is recorded on a work order,
examples of which are shown in Figures A.6-1, -2, and -3, The vehicle
number, the operator and the defect are indicated in Figure A.6-1.
This information is carbon copied directly onto Figure A.6-2, the Work
Urder, which shows the Work Order Number, the date when the work order
was opened and closed, the material used, and the work performed. The
Classification and Operation Codes and the labor detail are on the
back side of the Work Order, shown in Figure A.6-3. From this form
the cost of work performed can be allocated to the most appropriate
categories including either to a vehicle or a major component., The
Work Order is the principal input to the system.

Road Call Reporting

A1l work performed as a result of a road call is identified and the
reason for the roadcall recorded. Repairs as a result of vandalism
are similarly identified.

Vehicle Maintenance History

A1l parts, labor, and overhead costs are accumulated from Work Orders
by vehicle on a month-to-date, year-to-date, and life-to-date basis.
A detailed history of work performed on each vehicle is produced
monthly and accumulated over the life of the vehicle.

Tire Inventory and Usage Reporting

A record of each tire is maintained, which includes tire class
(owned, or leased), manufacturer, serial number, size, status (new,
regrooved, or retired), life milage, and vehicle identi-fication
number, Tire usage is reported monthly by life-to-date miles and
status. Tire changes are also reported monthly.
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7.

8.

9.

A.6  TRANS-PAC

Vehicle and Fleet Maintenance Costs

The maintenance costs in terms of labor, overhead, and parts costs by
vehicle and fleet are maintained monthly, yearly, and over the life of
the vehicle. Parts costs information is automatically generated as
parts are issued by the inventory system.

Labor Variance (budget vs. actual)

For each work operation, corresponding to an operation code shown in
Figure A.6-3, a standard or budget number of hours can be user
defined. Actual times can be compared with this standard and
differences reported.

On-1ine Inquiry

A1l master files, including vehicle, fleet, tire, and work order files
can be accessed for inquiry purposes.
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A.6  TRANS-PAC

Qutput Reports for Maintenance Management

A brief description of the output reports including some examples are given

below.

1.

2.

a.

5.

Vehicle Master Listing

Current information relating to each vehicle type, identification
number, capacity, fuel and oil consumption, and direct and overhead
costs for the month, year, and life of the vehicle are provided. The
date of {e last inspection and the 1imits of inspection in terms of
both miles and days are also included in this output report (see
Figure A.6-4).

Vehicle Exception Report
Any vehicle which has exceeded the user specified fuel and oil
consumption limits is listed in this daily report, (see Figure A.,6-5).

Fuel and 0il1 Report

A daily report of fuel and engine and transmission oil consumption is
shown in Figure A.6-6. The monthly fuel and oil averages are shown in
Figure A.6-7. Also given are year to date comparisons as well as
life-to-date mileage. The totals for the fleet, and the averages for
the fleet are also provided. In addition, the number of mechanical
and other road calls, the number of vandalisims, and the average miles
per road call are recorded on this report.

Vehicle Repair Audit Listing

A1l work performed during the month, including total labor cost, and
the cost of any parts issued from inventory, for each vehicle are
reported in detail. The following figures show examples of:

the work order entry activity audit listing, Figures A.6-8A and B;
the work order classification listing, Figure A.6-9; the operation
code listing, Figure A.6-10; the work order master listing, Figure
A.6-11; a work order record, Figure A.6-12A and B; the work order
general ledger detail audit, Figure A.6-13; and finally, a recap of
the work order general ledger labor cost, Figure A.6-14.

Employee Labor Report
Provides a report, by employee number, of the transactions in the
labor report file (see Figure A.6-15).

Work Order Detail by Vehicle
Provides a report, of the transactions by vehicle, in the current work
order line item file (see Figure A.6-16).

Work Order by Customer
Provides a report, by customer, of work orders in the current work
order master file (see Figure A.6-17).

Work Order Detail by Finished Inventory

Provides a report, by finished item, of transactions in the current
work order line item file (see Figure A.6-18).
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10.

11,

12.

13.

14.

15.

16.

17.

18.

19.

A.6  TRANS-PAC

Work Order Detail by Inventory Issue

Provides a report,by inventory items issued, of transactions in the
current line item file (see Figure A.6-19). Work Order detail by
other items are shown in Figure A.6-20.

Work Orders by Class Code
Provides a report, by class code, of work orders in the current work
order master file (see Figure A.6-21).

Work Order Detail by Operation Code
Provides a report, by operation code, of transactions in the current
line item file (see Figure A.6-22).

Closed Work order Listing
Provides a report of all closed work orders in the current work order
files (see Figure A.6-11 above).

Tire File Listing

Provides a list of all tires including tire I.D. number, manufacturer,
tire class, size, and status, life-to-date mileage, vehicle number,
and position on vehicle (see Figure A.6-23).

Report of Tire Changes

Provides a listing by date of tires changed. The listing includes the
vehicle number, position, mileage, identification of the replacement
tire, the mechanic, and the reason for the change (see Figure A.6-24).

Tire Cost and Overhead Distribution Report

Provides a report, by vehicle, of month-to-date mileage and associated
tire lease cost (see Figure A.6-25). The cost per mile is specified
by the transit authority.

Monthly Mileage Variance Report

For each vehicle, the total mileage read from the hubodometer is
compared with total mileage entered through the non-financial
statistics system. The variance between these is reported by vehicle,
by fleet, and by total mileage (see Figure A.6-26).

Tire Purge Audit
Lists all tires removed from service (see Figure A.6-27).

Vehicle Maintenance Schedule

Providss a list of all vehicles in need of maintenance (see Figure
A. 6"28 [

Inspection Due Master Listing
Provides a list of all vehicles due for inspection (see Figure
A.6-29).

Other desired vehicle maintenance reports can be produced on demand using the
Report Generator.
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2.2

A.6  TRANS-PAC

Inventory Control

The purpose of the Inventory Control System is to process and to track
purchases, issues from, and receipts and adjustments to inventory. Usage
reports, physical to book comparisons, and costing are also supported by the
system. The system provides the following functions:

1.

2.

3.

4.

5.

7.

8.

Processing of Purchases, Receipts, Issues, and Adjustments to Inventory
The current inventory level is determined after each change, and, when
it falls below a preestablished reorder point, a purchase order is
initiated. Inventory can be tracked at muitiple locations.

Comparison of Physical Inventory to Book Inventory
The book inventory can be compared to the physical inventory and the
necessary adjustments made,

Historical Usage Reporting
Provides analyses of usage by month for the current year and by year for
past years.

Automatic Interface to General Ledger

A1l inventory issues are charged to the appropriate general ledger
expense account, and relieved from the appropriate general ledger
inventory account. The vehicle maintenance work order system directly

ties inventory issues to specific work orders for the monthly work order
audit list.

Average Cost Method

A weighted average cost, computed automatically by the system, is used
to determine the cost of inventory issues. The procedure used is
standard throughout the transit industry.

Automatic Interface to the Vehicle Maintenance System

The issue of inventory automatically updates the month-to-date,
year-to-date, and life-to-date costs for each vehicle to which the part
was issued.

On-line Inquiry

The inventory master file and inventory history (usage) file can be
accessed to obtain information such as on-hand balances, and quantities
on-order,

Exception Reporting
Qut-of-stock and over stock items can be identified.
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A.6  TRANS-PAC

Output Reports for Inventory Management

A brief description of available inventory output reports is given along with
some examples.,

1.

2.

3.

6.

Inventory Master Status History

Provides all master file information by part number and includes

the vendor, substitute vendors, minimum and maximum stock level, order
lead time, bin location, last cost and average cost (see Figure
A.6-30).

Inventory History Report

Provides a listing of inventory usage for each month during the
current year, in addition to total current month-to-date and previous
year-to-date quantity and cost (see Figure A,6-31).

Inventory Analysis Listing

Provides an analysis of inventory including amount on-hand, amount
on-order, minimum and maximum levels, last purchase order date, lead
time in days, average use per month, average turnover in days, and the
number of days of supply on-hand and amount to be ordered during the
current period (see Figure A.6-32).

Physical Inventory Book

Provides a listing of all parts in the inventory master file sorted by
warehouse location. As can be seen in Figure A.6-33, space is
available for inserting the physical count. Any deviations are
reported in the Physical Inventory Deviation Report shown in Figure
A.6-34.

Extended Inventory Price Book

Provides a listing of all parts, including number on-hand, average
cost, and extension. The foremat of this report is shown in Figure
A. 6-35-

Inventory Purchase, Receipts, and Adjustments Transactions Listing
Provides a listing of all transactions involving purchase, receipt, or
adjustments to the inventory. This report shown in Figure A.6-36
includes the date, quantity of the invoice, quantity pruchased,
quantity received, quantity adjusted, current on-hand, last unit cost,
average unit cost, and the value of inventory.
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A.6  TRANS-PAC

3. Hardware

TRANS-PAC operates on the Qantel System 20, the smallest of the Qantel family
of multi-user, interactive business computers. The Qantel hardware is
modular. All applications software is compatible throughout their computer
systems. System 20 has 96K bytes of main system memory, a video terminal
controller, and a 12 slot I/0 card cage. It may be expanded to include:

l. Up to 256K bytes of main system memory in increments of 32 K bytes.

2. Up to 32 intelligent video work stations.,

3. Up to 4 disc drives with storage capacity in any combination of 18, 36,
75 and 150 Megabytes and up to a total capacity of 600 Megabytes.

4. Up to 2 flexible disc drives, each with a capacity of 1.3 Megabytes.

5. Up to 30 printers ranging from 30 CPS letter quality printers to 300
LPM line printers,

6. Up to 8 data communications ports, supporting the following protocols
and general capabilities: HASP, 2780, 3780, 3270, 3740; General
asynchronous; and General bisynchronous.

7. BEST/NET, a local area network for transparent sharing of data files
and peripherals among users of attached Qantel systems.

System 20 operates under the control of Qantel's BEST (Business Executive
System for Timesharing) operating system, a priority driven, interactive
multi-user operating system with fixed size user partitions, distributed
network handling, and disc file management. BEST includes dynamic allocation
of disc storage area, indexed direct and sequential data files, and multiple
file directories on a single disc. To achieve better performance and more
flexibility, BEST/AOS (Advanced Operating System) may be used to achieve
dynamic memory allocation among users, and disc cache in main memory.

The programming languages available are COBOL AND QUICBASIC, a proprietary
high-level language developed to provide support for interactive programming
of business oriented applications. The Report Generator is conversational and
can produce special or unique reports from any number of data files. The
Automatic Program Generator (APG) permits the automated generation of computer
programs,

System 20 has a data communications capability that allows video workstations
and printers to be physically separated. It also supports a local area
network with two to sixteen computers. Access to data files between computers
is possible,

Qantel has developed applications software packages, two of which may have
application in the transit industry, SOLUTIONS is a set of general business
accounting applications with an eight volume library that includes: order
processing, accounts receivable, inventory analysis, sales analysis, accounts
payable, purchase orders, payroll, and general ledger. The second package is
a financial planning and forecasting system, QICPLAN.
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4, References
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COTPA
WORK ORDER
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Operator Show Coach/Vehicle Defects Below

Operator Badge * Date:

Figure A.6-1



COTPA

WORK ORDER
VEHICLE *
Prepared by: Reviewed by: Page of
Date: Oate:
Work Order* Class Billing
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Figure A.6-26
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CLASS 1o SENIAL @ s12¢ $TAtTYS NEY ReeA0OVED RECAPPED TOTAL
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A.9 Maintenance and Inventory System

1. Introduction

In mid 1980, six western transit authorities formed a consortium (The Western
Transit Maintenance Consortium) to design a computerized maintenance and
inventory system. The consortium includes the following members:

o Denver Regional Transportation District (RTD)
o Orange County Transit District (OCTD)

o Sacremento Regional Transit District (RT)

o Santa Clara County Transit District (SCCTD)

0 Municipality of Metropolitan Seattle (METRO)

A sixth member, the San Diego Transit Corporation, contributed significantly
to the design phase of the project, but, because of particular computer
requirements and software development priorities, decided not to participate
in the later project phases.

The objective of this project was to design a Maintenance Management
Information System that is operable on a modern minicomputer, easily
transferable, and economically implementable at each authority. The
functional requirements for the system were developed after evaluation of each
members current maintenance, inventory, and data processing system,

The following functions are included in the system:

Preventive Maintenance
Work Order

Inventory Management
Failure Monitoring
Equipment Status Tracking
Management Reporting
Planning

OO0 00000

The system programs are written in COBOL. After an evaluation of available
software, it was determined that software developed by a major trucking firm
could meet most of the inventory and work order requirements of the system.
This software was modified and included.

To date, implementation of the inventory control system has been completed at

the Orange County Transit District. Implementation of the work order system
is nearing completion at the Seattle METRO.

- 227 -



A.9 WESTERN TRANSIT MAINTENANCE CONSORTIUM
MAINTENANCE AND INVENTORY SYSTEM

1. Introduction
2. Description of the System
2.1 Work Order Processing
2.2 Preventive Maintenance Module
3 Status Tracking and Reporting Module
4 Inventory Management
5 Failure Monitoring
6 Planning
7 Management Reporting
ferences

- 226 -



a:avIn
b ]k

3SAL
RE LF]

1 20N 36vd

0°0
0°0
(2 ) Bg
0°Ehi-
0°99-

IMNINISNQ
SN WO

0o°ert

0°0
0°0
0°4S
0°LE

0°ol

843011 NS ND
GILUDIN BNDITWO

61-8°V 3INbTJ

0°0
0°0
0°00Z
0°00Z
0°00Z

Q3IBNIIBLA
SNDTWO

o 8 WI0L oa

£@s910/10 - za/lio/10
£8/10/90 - T@/t0/10
£8/10/80 - Z8/V0/10

0DlY34 ENTaYIY
dind

089 JHDAI NI LYIIINDDITY Ad ses

HI16A6 NDIAVIUDING INTIIOUNUN INTHJINNI 114
ANNUAIWSBNE 40 ALLD

OILUNSTE INON
AILHDSIY INON

0°ovZY 0000l
0°00Z!t 0 00Nt
0°00Z1 0 000
440 ONIOVIY ND ENIOUIg
dind A9

[0 ] ]
(O]
£l
hO] ]
(L]}

L)
S

Z8710/%0 131v0 W



9L °¢BL-9 [ £ 24
00°0% 00°09
00°08 ) “0e
ZLLRL-0 08°z9¢
[ a3 Rl J Ze°-Z9e
W °TL-0 sS4V
TNNISINA 813412 ¥and ND
A 18903 AINHOIIY AL T LNND
40 1600
Z UN Wy

00°09
00°00
o9°0ZZe
oy “0ZZse
00°0TTe
aISNISEIa

ALY INUID
40 1602

8T1-8°V ambtd

s B WI0L 1INS ae

00°08
00 °0¢
o1°1e
o1°1¢
o1°1e
11000

Y3d
1603

0°0
0°0
o ISZ-
- i16zZ-

NG

ANIIUIS

070
0°0
[ 2 {4 B
o°L¥i-

0°99-

IINFISA0
ALl iNvND

0°0

0°0

0°L8

0°LC

[ M4 44
8411 and

NO GINHDJLIY
ALLANVND

088 JUDJIIN NOTIVIIINDIIY 3dAL T3NS sae

HILGAE NOTIWADANT INFHIOUNUN INISINDT 1Ld

ANNAISNE S0 ALID

0°0
0°0
0°00Z
0°00Z
0°00Z

GISNISMBIC
ALLINUIO

8NO T
SN TRE
GND TWD
GNOTWE
aND T

11NN
ONT 18043

Ta8/10/7v0

INISOUI 4
ISP
HINHIYS
a3’iczyI N
WO

EXLYY
Al TOINSNID

S3va N



LT-8°V 2amb14

o0t o [ U] (] esie eIz B8WI104 NO11VZINVOUD

001 [ ] o0l [ ] ££68 L6 (1] .000- <9 ] o 884 103uia  acOdevval UM vIi8 ua b e

001 o 001 [ ] [~ 14 £0Z o 460 (-] 6 H oy 1ORNIC VIV dNAOld NOL /73 11490
4 L ] z | ]

a377@ 8A I8N3 aINI4 8A 2000 aITNIE SI180D BNI <« 1800 1602 ML a3sn 3dAL IND NI EJIVIG30 UBREN
IFWMIYIS0 INMILAN0 wi01 wiol J3Ud43C INIYN 4340 NMOO X WH/IH I0MN0  68Y D ‘diND3

931va 01 YWY3IAS - aDiu3d4 B8IHL -- 0

TAID % NY BEPRA - SOZZIO NI BVZ INVEID
16NNV 40 HINDW
140434 031N1E-1600

Z ON INVd HIL16AB NOIAVHUDINT INFHIOUNUM INSHIINDI 4d ZB/710/69 IJ1va N
ITHNAIRNME 0 ALDD



9L °£LL00 L O 014
80 4610 o "INZ
3417 WOl “OM €IML

0-0 ‘YN UNV °“INIWI-0 o

1 N IVI

Z£08°0
&°450
8-t
0°9%

t 4
114

LS
0°99
Zz

8ci °C
0°0b
!

IVNA

2 g-°23

Qg‘:

91-8°v ombtJ

BN i/0d4M

IDYSH INT W0EY
BUIvVd3aIY NO 1IN o
GUNOH 31 LNNOC

NOI L ANGR0D 10
30VITNIHN HOIH

OdH/0d44

GO 3M1 INMDO
BYIYJ4IY 0 “ON
HAI/H4D

IVITIN M0
BINIGIIIV 0 “ON

11017 3dAL

NDIA43INI ®

ABNBNY 0 HILNDH

1¥043H NDILIONDD NDILJSAINI INTSIINDI

& °899CS

0" ILSI9

IVITVIN
wWi0L

400910

yozZZ10

H318A8 NOTIVHHDENT INB! rrad INSHDINDI 1Ld
ANNAITRN: 1 711D

VADId NOL 2718 8a0a0 100100
diVADId NDL Z/18 0 4 114000
NOT1JTUIE30 I UFNEN
413

AWML NAND - W TN BSV YD

ZB/71u/6m 1 IVUY WY



[} tA M | VlIVY a0/ 160D

1-:°cs 4Gl L40°9%SZ aavrna Wil
211N oz “0al a3 1Ne NIy
1Z°vZort 40°SEEZ a3nedg 13304

VIVG GONIMNYYI INBLIINDI

£4°5005Z 98 °9982 81600 Wik

BL°4391 ar°Ls’ NDI 1YL IIN.030
D) 9 IONVIENT

00°40L 00°9¢ WI I RRND
T6° 165 48°182 si1uwd
€9 ‘L9901 (A Rr4 114 winvl
00°4 00°4 N0 A3V

08 ° 6081 4L °9610 | = IE}

Yiva 160D AINBIITIWI

& 4 S1MAWD - 10 IV
o [ ‘INILOBIN
o 0 3s3ta
0°0oVZ 6°0 (L 1Sk
a°c9z T°48 aG3NVIT™NN
0 4881 0°»9 yY MO
ENDTWE — OJNSNLD 1IN
/N 0 GUNOH BNILNDJIIY BITINIBA ) (N
0 [ ] aMvy3IH0 GHNON
/N 1 4 B3N BN1IYDIIY BITITHIA ) ON
0°0L6dT 9°0£6Z CETUER I -ERTL
VI¥E ND1IYY3IH0 INBSINDI
482 06°V ANIIUIS -
°ZH 9?0 BUNOH - JIIINMRODC 3BVYINY
[ Z 8 - ANIIYIS -
e°vzL §°z9 SUNDH - GITMAIBIN
ez 14 ANIIHIS -
0°00Z 0o°t GUNOH ~ 03 MOENKB
9°€Le §°S9 W02 - SYNDH ¥OAEY)
Y/N &6°0CZ SUNMN ¥DAEY 1 1IFUIGNS
/N 0°0ZE WY NYAY SNt WVl
/N 4 BIJA0 UMD JUHE 0 UINIW
HYNO0MD IDNUNIEINIYH
31v0 01 WW3IA HANDN ANFUIND

[ ANTNSIND3 T TIDINS-SIIONDN U0 - & B8YD
o 8y3Nvul - @ B8YD o8V 13374 J0 IVWA LN
o *J6IN - 4 B8SYTD
o NIVEIL I34B B L VUUIIUN ‘LARDUIV - 9 BBYTD (] AV LIY AN TN
(] ANBISINDI IINUNIINIVH 3 NDILNWILENDD - & BEYTD
(] BUDAIVYL - & BEYTD 0 0360Y INBLIINDI
1] IE0MNY WIIII8 ‘XML - £ GEVTD
t4 IGOMINS WUINID °GHINL - Z 65V D & ANMAINDI 0 BLIND WIDL
4 GYI100I6 B S8IWDAJUNLON ‘BOLW - § BBV D
BEY T AG AHDINIANT ANDJIINOI EWI0L AUDINIANT ANIJINOI

19NN 30 HANOH
140438 AVASING 1334

HINBAE NOILVRIDANT INFHIN- AL INRSINDI 11d ZA710760 SIVGE N
IANUAI IV I ALTD



¥S°0L018 (] I
18°49¢ 8-z
90°I1viZZ Y/
Z0°8L¢ U/N
SL08 6y°
av-ezs £r°
*ELON Y/N
av-8zs y/N
RL00 £61°
89 °"8zc [ 2% g
90°46£110 61°
S °90Z 91°%
80°L8£18 Y/H
oL °90Z Y/N
80°L8L18 <08 °
s “902 ] I
.l.'l..'

°ANIVE W
* ‘W30 1W3/780
e Wit

€ NN Jovd

80°
99z

Y/
Y/N

8 -
/N
/N

16£0°
4088 °

an°
6
Y/N
w/N

&180°
(] /. 4

31V0 04 34177 = INIY HDLI0G 800 CDINIY BIHL = INIT JOL

“ENIW
Hd3/1dD

p1-8°v omb1g

" 9z °8 ee &b °0ZLY
(2 80 St L | TL°0EL
/N Y/N (1] 66 °0¥bb

/N Y/N € o199
" $6°6 (4 B8 LY
&0° (1 24 [} 9°L9

Y/N Y/N I3 @ L0000

Y/N VY/N ! 2°L9
[ ] B ofe°8 rd 8°L0¥¥
ZL80° (] A 4/ ] @ s
| 9°¢ 1 4 61°01008
zz° L°S z 9 °LbY

Y/N /N | 4 &8 ° 1908

W/N w/N z "9 °LbY
1800 ° 968°L 9 &1°1v08
sz yiL°E z 9468

Y/N

/N
Y/N
W/N
/N
Y/N

/N

/N

/N
v/N

V/N

H688C
629 83VYINY -

6°6468L110
[: 4]

i

awiolL 88Y0)
|899¢S
aizy 83aVHINY -
6 "899S

aict sewini

NDT VT INVOUD

6°899%8
o aze ]

VDI NOL 278
ouna 100 1o

ANIW 007 V88 - L0091) INDIIYI INVOYD

1£Qe

oy B83IBVUINY -

1£C19

ov SWINL - NDLIYTINVOUD
0°I1LC19 HIVENd D) 2/
0°0b ] quod (A YL L1

TAIA B NV BXIYd - POZZIO N1 LYZ IMVINRID

‘U340 B4 BY3IGUD 1803
HdI /74D o yivd3n Hivd3
BdM Wi0k ‘wiolL

ABNDNY 0 HINDN

E 18 ¢

ANINIZD

AUDIIY NARIDATIS NODTIVZINURID /7 ANTJINDI

H3LBAB NOTIUMYD:NT NI P (1 ANSHITRDI 14d

L
a3Isn 3000
Gt WO
/637N /731

M1 U8
UIEHIIN INATI

MWL AVDID - I ININD GRY XD

TH/T0780 Ta0HE sume



€1-8°V 2anb14

41°v8% W01 NVBYD
Y £4°0L z2°09 1 4 A1 I 0 L0°h¥Z LE°992 sWwiol1ans Nvaud

28° 1 Wi01 3VNBA N
00°Z t4 ) £0°L9 z°L8 64°90% o 485°960 ZZ ol swinians ITITHIA
£Z°0¥Z o 40°2S18 a1 “es 1000 1 ¥ &00)
- »C°99 o 1 44 yo°ZZ 1000 0y&000
£0°g9 00°Z 4 £0°EY Z°4s
4600 "wWi0ol 16800 Si¥vnNd 1600 BNOTWE HIV4IY 40 1800 1803 1800 “ON YAGINN
O + 3AN4 8 10 L 3N 0 1600 Wi01L ‘WHOD 8i¥vd Hoavy 40i8 Hlvd3y

IOYYHI L3410 - BYN VIB ¥a ¢ 0460 HANd 006000 - ON ININAINDI
PRS0 0804008880000080080000008838000000000000008008000800000308080800008380083300000000000008000080000088808080000000838000008006080880800
ecrziz WIDLA 3TVIHIA

00°} | 0L°L 0°¢ €9 °c0Z o S°Ly S 968 6W101GN8 ITTHIAA
40°1L (1 9L 11°6S Zouv0 tA YD i1
: VA § ) o ¥L°0% ¥0° 101 1000 114000

L°9 00°1 | 0L 0°¢
1600 "W10L 4800 S1¥VND 1600 SNOTWEO  UIVJIIY H0 1600 1800 1800 “ON YN
O ¢+ 3N e 1o e 1IN4- $ 16800 Wi0L ‘W02 sitvd OV dNig Hivday

304YHD 133148 - JNADId NOL 2/ L6t auo 4 V4000 — ON IN3H4IN03
TAID B NUWd 8NUYD - SOZZ IO ING LVZ INVBND
ASNENY 40 HINOW
SI0UVHD WINIY GNY 12310 ~ ONITTIE WINIHIWYLIO

Z U 3V HILEAB NOLLVHUOIT JHZHY -0 INSRIINDI Tad ZE/ 10760 VIV M
ITUATVAWE 4 11D



Z1-8°v o2mbt4a

Ug°9Ce
05 “9Ce
05 °95e

1802
wWiol

1 SUN 38vd4

WL0L ININIINDI

WIOL HIOHO NIV

168U3
HUD

oS vhe

1800
siwd

00°Z1s z°l 000010101 63100a/87133AM 61 1000 O¥6000 8°V0Z1 Z0/L1/5.0-Z0/7L8750

16800 SUNOH YISGHTN NOIAd41HIE30 34AL ON HIGHIWN BNIGYIY ol - HNA

f--——HOGY }-~~--8 I3A0MIA HIVIIY HIVd3Y dJdNS YIVdIIM  YILIM a-631va AI1AYIAS-»
81 $3dAL HIVIIY £8710/10 - ZB8/10/710 $30NYY 3190 Ob&N0D UGN ANMIINDI

YIGHNN INIHJINDT AG SHIVIIY WISUOLIEIH
sa® ONILSIT ALSATLIY HIVDIIY GNUY JINUNIINIVH ess

HILBAB NOJAVIUOINT INFWOUNUN LNIHJIINDI 14d CB/LV/S0-20/7L1/C0 v W
IATNAIWANE 40 ALLID



11-8°Y aImbtd

0880000008866 00008008080080000088000800000800830000800000008080083000080080008080888088008380008000080080000000808090980088060088080030080080

GZ 0bZe W01 INSJINOI

cecovze WA0L HIGHD HIVLIN

»8°9Ce 00°0e LL 528 L0°ESs  B8°) 000050501 eNIHI3I8 ©F

TR 00°08 os-azie JIISE$ O°C  000OLO£O} Wi avd 90 1000 1¥6000 ©°SBLIY Z8/05/80
1809 1802 1600 1809 BUNOH  YIAMNN NO114143830 34AL  ON  MIAHIN  BNIOVIY 01 - wmoud
w108 e 81uvd ’ HOAYT--—-9  3IIADTINI yivda3y YIV4AIY JDHE MIVJ3Y U313 $-831Va IDIANIS-S

. ALIALLTV NS

9-886 M < YeLIY NI B WD BN os8e GHINOM 09 BZ/50/¥0 @G  @SI4vval OUM V1B UG ¢ HATd OFAIWDO
(84 ANRNY) YETE T NOTAYZ INVEYD NwA 3417 3ANM3IS 3000 3002 NOILJTMISIA A HINN
30USN UILIH IN3HUND INZMMND  G31VNELE3 NI 3iva id 65V 10 4103

1 SN VI

HIAHNN INFHJINODI AG SHIVDIY NIHD
989 BNILBITN ALIAILIV YIVJIIY ONU FONUNIINIYH 898

HILEAE NOTAVHUDINT SNIHUOUNUN INIHDINOI 11d £0/10/60 331VG W
ANNAIMVE 0 . LID



0T-8°v¥ @mbtd

ST 0p7e WI0L LNJIING3I

CZ"odZe WINL HIGHD HIVI3M

¥8°9Ce 09 “Ne L44°sTe 40°s5¢ a1 000050801 aNIy3318 G}

Iy °"tale 00 -0 oL azie 11 °CSe 0°t 0000£0£01 Wi avd 90 1000 (06000 O CHLIY Z8/0%./80
1800 1600 1800 1800 SUNOH HUIGHNN NOJ1d4I¥I830 IdAL ON  U3GHNN ONIGY3Y oL - W3
wi0L 10O S1uvd ~——~-HDEY +~--8 33007 HIV43Y HIVd3Y dONHE8 UIYdIY  HILM $-631Y0 IDIAYIE-¢

ALIALLTY J0N8

?°886 H £°0aL T30 3 N Id Bitivd osas BHINOH 09 64/50/%0 @ agdrvat YN UIB U0 ¢ HAd 06000
O IN3HHND Y313 NO11YZ INVBYO INNA 3417 1A3IB 3a02 3002 NDILJINDEI0 I UIGHNN
3IOVEN Y313 AN AINIYHND a3UuNILe3 NI 31va e 88v1d ‘J103

SUB830080008000000000003800800000000C000003000008000000380080000800080000800088008808080088000808800380000080800800808098800080008846888008

48°1L0 ‘W01 INJSINO3
148°140 Wi04L HIOUD YIVL3Y
48°1L0 o0°0s 9L°900 11 °S8e o°g 000010101 ONIY3318 &8 ZO00 ZI1L000 O°LbS19 Z0/6Z/89
1500 41800 41600 1800 SHNOH Y3GHNN NOTAd4THIS3d 34AL ON UITANIN  BNIQYIY (111 - 4
wini HWHOO G1uvd $-——-HOQY}-~--19 FA3A0WN3 HIvd3Y HIVdIY JOHB YIVIIY L ETE $-831¥0 IDIAYIS-§
ALIAILDV JINiE
N oy H 9 61619 NI B NI BRIV 6048 BHINOW Z£ <Le/2T/60 @ vZi4ZviT HIUITId NDL Z/1 QUDS  15L000
“ON NN LETE ) NOT AYZ INVBYND MMTWA 3417 F0IAN3E 3000 3600 NOTAJIYISIA T UDIEEW
FOUVEN YL NN INIHUND 031vHIlE3 NI 3ivd Tie 88v1) 413
8YIVd3aY NIJO TW
808 ONILBIT ALIAILIV HIV4IY OGNV SONUNIINIUN 888
¥ SUN :wd HILBAE NOLLWVHUNAINT INIVOUNUVI AINSHJIINDI 11d EB8/710/60 3190 NIV

INUATMYE 1 L LID



6-8°Y o2InbTd

aL°Is e WL0L INIJIM3
asci1sie WI0L HI0HD HIVSN
[:74n8 54 [ J 000 vL°0%8 y0-10te 0000Z0Z01 HILEAB ONIAIHOIT 14 000 T1L000 $°LO0R19 ZB/7L41/80-28/S1/680
1600 1600 1800 4800 aunm UGN NO11d1HIE30Q 3dAL ON YIGHMIN  BNIGUYI 1]} - HOod
w0l 0 BlWRd §—HOEY }-—~-8 A0S HIY43Y UIVdIY JOHE HIVSR L ETE $-53Wvad IDIAUIS-8
ALIALLY JONIB
0°0¥ H 0 &61%IY NI 3 NV BRNIS 460568 BHINDW ZL (L4/TZ/760 a vZoiZv e JUDId NOL Z/1 aQuo3 18000
(N NIRRT HIIW ND1 Y7 INVEBYD AMWA 3417 3J1AY38 3003 3000 NOILDIYIE30 AN UIESHH
IVEN UM INTIRRD ANSUWND a3tudILsl NI 3lva N4 85V T) diInd3
UGN tNIHJIND3 Ad BY¥IV43IY A3B0TD
888 BNILBIT ALIAILIV HIVA3Y GNUY FINUNIINIVH 889
¥ N 3Bvd : HILBAE NOTLIVHUIIINT INFVOUNUH INSHJINDT 11d CB/107860 VIV N

FVIUATEKMUE 10 ALLD



g-8°Y 2InbTd

0800000608080 8800000830800088008306000060000088803050008083088000003060000500000000000008880000838380¢0¢80000808890088083000868888209

[ e WINL INSLIINO3

Sl °9ECe WL H30W) HIvdIY )

Sl °96Ze ) YSe o8°sZ¢ ££°9L1e 94 000DKOP0T NOTLYVTIANIA/BNT LY fo 1000 (00100 9 °BLSLS ZB/60/80-T8/G0/80
1803 1500 4800 1600 SN L) NDI1d4IUI830 3dAL ON YN ONITaYIY 04 - WO
wios HHOY) BLWvd 8 -——-HINY}-~--0 33A0TNI Hivd3y HIV4IY dOHB HIVdIY UL s-83Uva INIAYIS -0

ALIAT LIV JWiB

o-aicy H 9°CZVLS ANIVH 807 vBe 1Zis BHANOW Z£4 6L/81/80 o azidzv e MDD NOL Z/71 O TODToD
UM AN LUETE ] NO11YZ INVEYHO INWA 3417 3D1A438 3000 3600 ) NOIIJTHISIE  JF4UH  UIAHN
IEWEN UILM ANIYUID ANIHUND  J31UNILE3 NI 3lva ua 88V 0 “ding3l

.Q..........o..............Q......Q..:.....O..........-.........o..........-.......-...-......-QQOOQGQQQ..o....o.......-........-..

S °99¢ ‘WAUL SNIHJIINDI
$S°99¢ “WA Y3GH0 HIVDIY
L 99e 0008 [~ ] ] ] y0°ZZe z°t 000010108 . 83160d/67133HN 617 TO00 OP6000 B°SES9Y ZB/L1/80-28/L8/80
1600 1600 1803 1800 sunol U3IHN NO11d1HI830 3dAL ON Y3GHNN ONIGYIY oL - WS
wioL HHOD S14vd §-——-HOGY }~~-~-8 F3A0NI Hivd3y YIUd3Y dOHE UivdIy  H3IL3IW $-8341Va IJ1AYIS-S
ALIAILIV JONHS
9°886 H £ r8L W30 3 NI Bid 058 BHINOW 09 64/80/¢0 @ as34vval OUM ULE ¥ ¢ WA Ob6U0D
S ANFUND LETE ) NOTAVZ INVSYHD MWA 3417 301Au38 3000 3000 NOTLDIYIHIA I HRIHON
VEN YL ANIHUO ANIUMND G31vMlie3 NI 3ivg Tiia B6VTD 4103

aL°ik1e WLIDL INIHJIAN3
- 7 F N 1) WI0L H3AUO HIVdIY
aLciste 00 08 vL°0%8 0°I0Ie  E&°8 0000Z0ZOos H3ILBAB ONILHBIT oL 1000 114000 P LOLIY ZH/L1/80-28/%8/00
1603 1800 4800 41800 SUNOH UIBHN NOlAdTudS3a 3dAL ON  HIGHAN ONIGYR (171 - Hond
wios HHOD siwd $-—--HOAY }----9 33A0'WM3 HIVd HiVd3y dJOHE HIVdIY  H3IL3IM $-834Vd ANIAUII~-9
! ALIALETV JiNi8
0 0 H 0°465S19 N30 8 NWId B.0d 6068 BHINDH 2L L4/22/60 @ YZIdZY' Iz dAJLd NOL Z/8 duild B1/7uem)
TOH IMNFNNID PETE ) NO11YZ INVOUD MUVWA 3417 301A436 3000 ° 300 NDTAJIYIEIE I UGN
VEN YILN AN U0 ) ANIYHND GILWHILE3 NI 3iva e asv 1) A3
BYIVJIIY G350 TW
868 ENIABIT ALIALLIV HIVIIY OGNV NWUNIINIVK S8
1 0N 3d HILBAE NDILVHHNOANT ANWVOUNUK ININJINDI I14d CB/7 10760 1PW W

FVNAIWANE .0 L I1D



IV Y LION - Y/N

9Z28/10/60 t 7 7 ) HLIUNDA
028/Z1/60 « 7 7 ABYI S
$Z8/30/460 ¢« /7 7 ) HLUNOS

d48H1 JIVIE 03HUNHNIS  3ING HOTHM
JXIN 3itva Hd 31va NE 334

T N XY

(-8°¥ 2mbTg

NOTL1J3d4E6NT 31vIiE ¥MO4 3INAY3IND - o8 NOIL1D34E6NT 31V16 H0d MON 36 - ¢

£ = Z0O0O °“ON ALITMIIVA IALITIOVE 4V Hd 3dAL -U- ¥D4 INa 837001134 Wil

oM s 901110 HONIN/¥G WM & 9338 BL6)
IN 000¢ IN £°CZhsE Z8/60/90 a 6301AY38 BN3 Md 10100 "ON JIND3I
oM s 2400910 ANHI1d NOL Z/1 €N 6860
IN 000f 1IN Z°0S80S Z8/50/9 a NIV €08 vED 100100 “UN J1ND3
o™ s »OZZI0 OUM V18 ¥a ¥ HAW BZ6F
I ooOg IH 0°00TbY Z8/61/90 a IA3IC 3 NYU BN Ob6OUD “ON J1ND3

s16ve Hd 16Y7 Hd 16V Hd 16V NOT 1YZ INVBYO NOT 114630
WIHIS Hd ONIAY3IY YILM Jwva IdAL A3INDIBEY ERA} {TH7

ZO00 "ON ALITNIIVY SALITIOVH 1Y Hd 3dAL -U- HOS 3N N SITIIHIA BNIMOTHIA 3L

988 ZB4T UIINILJIIE HOJ ONI MWINIDE IINUNIINIVH IATIN3AIYD 868

HILEAS NOTLWVIDNIT AN R INSHATING TLd

8719760 13100 1)
ANIAT LVE 5 2 LTD



EMNP.,
NUMDER

DLy AT
00071
[ (T RY]
001016
nNLotLe
001016

)73

CITY. OF SAMPLEVILLE
UATE: 084/01/82 PT] EOUIPMENT MANAGEMENT INFORMATION BYSTEN

HISTORICAL FUEL TRANSACTIONS BY PUMNP NUMBER

FUEL 1N
DATE

03/01/02
03702792
03/03/02
03/01/702
03/02/82
03/03/82

03/04/82

DATE RANDE: 01/01/82 - 01/01/03

ruoe HETER

MMBER READING
10t 920.0
101 1140.0
101 1340.0
101 1250.0
101 1480.0
104 1700.0
104 1600.0
TOTALD:

Figure A.8-6

GALLONS
DISPENSED

19
20
19
1
19
19
19
134

FUEL
cosT

20.92
#22.02
20,92
$20.92
20,92
$20.92
s20.92

14734

PABE NOD: |

ADDED
oIu

oIL
cosv

$1.00
81.00
8).00

93.00



DAIEY 0?/01/02

ECUILP.
HUMEER

000940
OROPA0

000940

FUEL ING
DATE

0ng/01/82
08/12/82

nn/23/82

CITY OF SAMPLEVILLE

PTI EQUIFHENT MANAGBEMENT INFORMATION SYS8iki)

FUEL. TRANSACTIONS BY PUMP NUMBER

PP
NUMBER

102
102

102

METER GALLONS
READING DI1SPENSED
46793.2 3.0
446848.8 19
470350, 1 19

TATALBs 43

Figure A.8-5

FUEL
cost

$3.51
920. 94
920.94
$47.39

PNAGE

ADDED
oI1L

NDe 8

oIl
cost

01.00
$1.00

$2.00



ODAIE: LvA/01/02 PT1 EOGUIPMENT MANAGEMENT INFORMATION BYSTEH

EOULP.
NUMBER

. 000711
0007114
0007481

wetr W DuwrLEVILLE

HISTORICAL FUEL TRANSACTIONS BY EGUIPMENT NUMBER

FUEL INO
DATE

03/01/82
03/02/82
03/03/82

DATE RANGE: 03/01/82 - 03/03/82

PLMP HMETER BALLONS
NUMBER READING  DIBPENSED
108 920.0 19
101 1140.0 20
101 1340.0 19
TOTALSS -

Figure A.8-4

FUEL
cosv

$20.92
922.02
920,92
$63.86

PAGE NO: 1
ADDED olL
otL cosy
| $1.00

1 $1.00

2 $2.00



DAIE: OF/701/82

EMHP.
HUMEER

POOF|0
0VNF40

L0

n1TY OF BAMPLEVILLE

PI1I EUUIFMENT MANAGEMENT INFORMATION SYSTEM

FUEL TRANSACTIUONS PY EOQUIPMENT NUMBER

FUELING FPUMP METER BAL.LLONS
LAITE MMMDER READING  DISPENSED
08/01/82 102 44793.2 5.0
08712782 102 446848.9 19
0g/23/82 102 47050. 1 19
TOTALS» 43

Figure A.8-3

FUEL
cosTt

$5.51
$20.94
920.94
$47.39

PAGE NO: 1
ADDED oIL
olL cost
1 ¢1.00

| $1.00

2 $2.00
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A.8 MICRO EMIS

3. Hardware

MICRO EMIS operates on either the Apple II t or Apple Ile with 48K bytes of
main memory. Included in the optional hardware package is: a monochrome
monitor, a 132 character printer, a VISTA V1100 Trimline 8-inch disk drive,

and a 5 1/4 inch disk drive. A 5 megabyte Winchester hard disc drive backed
up by two floppy disc drives is also available,.

4, References

A.8-1 MICRO EMIS: The Fleet Management Solution, Public Technology Inc.,
1983.

A.8-2 Computerized Fleet Management, Public Technology Inc., 1983.
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2.

3.

4.

5.

6.

A.8 MICRO EMIS

Fleet Summary Report

tor each fleet provides a summary, for the current month and
year-to-date, of the maintenance program, personnel and facilities,
maintenance and operating expenses, and earnings. of equipment cost,
and equipment earnings information. Included in this report are:
total labor hours, scheduled and unscheduled labor hours, average
downtime, usage data, fuel and oil consumed, and earnings from direct
billing of maintenance expenses. (See Figure A.3-15).

Equipment Exception Condition Report

Contains data on equipment that has exceeded user specified
parameters, such as high or low usage, excessive cost per mile, low
miles per gallon, excessive use of 0il, and excessive downtime (see
Figure A.8-16).

Cost versus Billed

Summarizes all expenses billed to one organizational unit within one
month., Differences between the actual cost and the billed amount for
the month and year-to-date are also given (see Figure A.8-17).

fuel Type Reconciliation
Shows, by type of fuel, the difference between reported usage and
dispensed amounts (see Figure A.8-18).

Pump Reconciliation

Cﬁhtaigs fuel reconciliation data by fuel type and by pump (see Figure
A- 8'19 [
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Billing
1.

A.8 MICRO EMIS

Preventive Maintenance Scheduling

Contains for each vehicie the type and mileage of the last PM event,
the type of the next PM event and the week when it will be due, and
the due date of the next state inspection (see Figure A.8-7).

A1l Closed Repairs Maintenance and Repair Activity Listing (current
month)

Summarizes information from the repair order including summary data
from the Equipment Detail Report, and shop activity data such as,
dates of service, mileage, repair number, shop number, description of
repairs, number of the employee performing the work, labor time and
cost, parts costs, and total cost (see Figure A.8-8).

Closed Repairs by Equipment Number (current month)
Contains all closed repair orders against a single vehicle (see Figure
A. 8-9) L)

A1l Open Repairs Maintenance and Repair Activity Listing (current
month)

Contains all repair order data for equipment with work not completed
(see Figure A.8-10).

Open Repairs by Equipment Number (current month)
Tontains the same information as All Open Repairs for a single vehicle
(see Figure A.8-11).

Historical Repairs by Equipment Number
Summarizes shop activity data including repair type and cost for any
specified time period (see Figure A.8-12).

Department Billing

Contains direct billing and rental charges for the current month and
includes such data as equipment number, assigned or billing
organization, repair order number, shop number, labor and parts costs,
and total cost of repairs (see Figure A,8-13).

Management

1.

Equipment/Organization Performance

Contains data on the total operating and maintenance cost for the
current month and over the life of the vehicle., It also includes the
miles or hours of equipment use, percent down time, total repair cost,
and miles per gallon, as well as the cost of operations and
mainte?ance, in total and on a per mile or per hour basis (see Figure
A.8-14).
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A.8 MICRO EMIS

OQutput Reports

MICRO EMIS produces a set of output reports listed below. Examples of these
reports are also provided for added detail.

Inventorz

2.

3.

4.

1. Equipment Inventory Detail

Contains the following information:

- A description of the vehicle, the date received, its assignment,

serial number, usage rate, and value.

Operations data including, mileage, insurance costs, fuel and oil
usage, and performance characteristics. :
Maintenance data including downtime, number of road calls, accident
costs, total labor and parts costs, preventive maintenance schedule
data, and total maintenance cost.

(See Figure A.8-1).

tquipment Inventory Summar
Contains a compila%ion of %he top line of the Equipment Inventory

Detail Report i.e., equipment I.D. numbers and description, assigned
organization, mileage, value, and performance characteristics (see
Figure A.8-2).

Equipment Removed from Fleet
Contains the same data as the Equipment Inventory Detail Report (refer
to Figure A.8-1).

Fuel Transactions by Equipment Number (current month)

Contains the for each equipment number the date fueled, pump number,
mileage, fuel and oil dispensed, and fuel and oil costs (see Figure
An 8-3) ]

Historical Fuel Transactions by Equipment Number
Contains the same data as the Fuel Transactions by Equipment Number
report for specified past periods (see Figure A.8-4),

Fuel Transactions by Pump Number

Contains the same information provided by the Fuel Transactions by
Equipment Number report for a single pump (see Figure A.8-5).

Historical Fuel Transactions by Pump Number

Contains the same data as the Fuel Transactions by Pump Number for any
specified time period. (see Figure A.8-6).
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Files

A.8  MICRO EMIS

MICRO EMIS contains seven primary files:

1.

2.

4,

5.

6.

7.

Equipment Inventory Master File

CTontains an inventory record for each piece of equipment. The
inventory record is equivalent to the birth certificate for the
equipment, plus accumulated data on performance and costs. Up to 102
data items may be included on each equipment inventory record.

Fuel Transaction Master File
CTontains the fuel transactions for each piece of equipment for the
current month. Fuel tickets are the manual counterpart for this file.

Repair Header Master File

Contains the repair order data for each piece of equipment for the
current month. It contains such information as: repair order number,
shop and equipment identifiers, warranty and billing information, and
date and reason of repairs.

Repair Activity Master File

Tontains information on each type of repair performed on a piece of
equipment, including parts and labor costs. It is always coupled with
a repair header record,

Historical Fuel Transaction File
Contains the same information as the Fuel Transaction Master File for
past months,

Historical Repair Header File
Is the historical counterpart of the Repair Header Master File.

Historical Repair Activity File

[s the historical counterpart of the Repair Activity Master File.

In addition to these seven primary files, the system contains several
secondary files including an index file to locate records and several files of
codes and descriptive labels used by the system. These include: repair type
codes, repair reason codes, organization identifiers, pump numbers, fuel
prices, employee I.D. numbers, wage rates, American Public Work Association
equipment class codes, and facility or repair shop codes.
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7.

A.8 MICRO EMIS

End of Month Processing Module

Is used after all operational data for the month has been entered into
the computer, It accumulates all repair and fuel data for the month
and adds that information to an inventory master file. End of month
processing is also used to delete vehicles sold or otherwise removed
from the fleet, Finally, end of month processing is used to update
billing data for direct charge vehicles and to issues the departmental
billing reports.
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A.8  MICRO EMIS

2. Description of the System

MICRO EMIS is a fleet management system designed for use with fleets of up to
500 pieces of equipment, 65 vehicle or equipment classes, 26 organizational
units or departments, and 10 repair or maintenance shops. 37 separate
computer programs are contained in MICRO EMIS, 20 different reports can be
produced.

Modules

MICRO EMIS is organized into seven functional modules:

1. Master File Maintenance Module
Manages modification and deletions of data in the equipment inventory,
fuel, and repair files. For example, this module is used to add a new
piece of equipment to the inventory, open a repair order, or modify a
previously entered fuel transaction,

2. History File Processing Module
Maintains fuel and repair history files. The repair and fuel history
of any piece of equipment can be reviewed quickly and easily.
Historical reports are printed.

3, Detail Reports Module
Prints the following detail reports:
o Inventory detail and summary reports (3 reports)
o Fuel detail by equipment or pump (2 reports)
o Repair detail (open and close repairs (4 reports)

4, Management Report Module
Prints the following management reports:
Preventive Maintenance Schedule
Equipment Summary by Organization or Class
Equipment Exception Conditions
Fleet Summary
Fuel Reconciliation
Pump Reconciliation
Cost vs. Billed

0000000

5. Table Maintenance Module
Is used to add, modify or delete records contained in the table files
or to print the table files. The table files are the various codes
and titles that are used throughout the system. Some examples are:
Vehicle class codes and titles, organization codes and titles,
employee I.D. numbers and wage rates, and fuel prices.

6. End of Day Processing Module
Ts operated at the end of each day to maintain the internal calendar.
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A.8 MICRO EMIS

1. Introduction

Public Technology, Inc. (PTI), a non-profit corporation, is the applied
science and technical arm of the National League of Cities and the
International City Management Association. Their Micro[computerbased]
Equipment Management Information System (MICRO EMIS) is a turnkey fleet
managment system. It is derived from the mainframe Equipment Management
Information System (EMIS), that was developed jointly with local government
representatives and the American Public Works Association (APWA). EMIS is
currently in operation in over 30 U.S. cities and has been licensed for use by
municipalities in England and Germany. It has been installed on IBM,
Honeywell, Burroughts, DEC, Sperry-Univac, NCR, and other makes of hardware,
The programming language of EMIS is COBOL.

EMIS maintains an equipment inventory, tracks repair activities and fuel
transactions, schedules and monitors preventive maintenance, and produces a
variety of management reports. It can also be used for billing of operating
and maintenance costs.

MICRO EMIS operates on an Apple Il microcomputer. It can handle fleets of up
to 500 vehicles., EMIS is interactive and can be used by individuals without
extensive training in data processing. Internal procedures help prevent entry
of inaccurate data. Data in the various files of MICRO EMIS are updated
immediately after entry. Hence, up-to-date reports on repair and fuel
activity can be prepared.

With MICRO EMIS it is possible to:

1. Maintain a detailed history for each vehicle in the fleet,

2. Schedule all preventive maintenance inspections.

3. Trace and reconcile all fuel disbursements and usage by pumps and by
vehicle.

. Review the repair history of any vehicle.

Prepare monthly summaries of fleet operations,

Produce financial audit trail data and billing reports.

Identify costly and inefficient vehicles through exception reporting.

~NOoOyoh P~

The purchase price of MICRO EMIS includes on-site training and technical
assistance; hardware is optional. PTI will install and test the system
software and hardware on site., They also train user staff in the operation of
the system and provide guidancance in the conversion. The fleet management
staff of PTI will review current operations and provide a plan of action to
improve operations through the use of the newly installed MICRO EMIS. The
system can be installed, tested, and the user staff trained in approximately
one week,
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A.8 PUBLIC TECHNOLOGY INC.
MICRO EMIS

1. Introduction

2. Description of the System
3. Hardware

4, References
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A.7 Vehicle Maintenance System

2. Description of the System

The Vehicle Maintenance Monitoring System tracks maintenance schedules for
each vehicle, records vehicle operating expenses and updates inventory files.
VEMM includes the following functions:

1. Vehicle Maintenance

2. Parts Inventory Control

3. Purchasing Control

4, Receiving Control

5. Work Order Processing

6. Fuel Usage Management

7. Tire and Battery Usage Management

8. Operational and Management Reporting.

VEMM is an interactive menu driven system designed to be user friendly.
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A.7 Vehicle Maintenance System

1. Introduction

VEMM is based on an interactive menu driven data base management system,
developed by Modeling System Inc. (MSI). It tracks maintenance cost and
schedules for each vehicle in the fleet and processes parts and labor
transactions. VEEM produces a number of standard maintenance and inventory
reports. Additional reports may be designed by means of ISDATA, a data base
management system with extensive report formatting capabilities. MSI markets
VEMM as a turnkey system using Digital Equipment Corporation's (DEC) micro and
mini computers. The smallest multi-user configuration uses a PDP 11/23 with
128K RAM (Random Access Memory) and can handle about 150 vehicles. A
configuration with a VAX 11/750 or 780 can handle fleets of 1500 and more
vehicles, VEMM may also be implemented on the DEC Personal Computer in a
single user configuration,

In addition to VEMM, Modeling Systems Inc. has developed TRANSIT, a system for
routing transit vehicles and reporting transit operations.
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A.7 MODELING SYSTEMS INC.
VEHICLE MAINTENANCE MONITORING SYSTEM (VEMM)

1. Introduction

2. Description of the System
3. Hardware

4, References
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A.9 Maintenance and Inventory System

2. Description of the System

An overall system schematic of the Maintenance and Inventory System is shown
in Figures A.9-1 and -2. The following modules are identified:

1. Preventive Maintenance
2. Work Order

3. Inventory Management
4, Status Tracking

5. Failure Monitoring

6. Planning

7. Management Reporting

These modules are integrated and provide a comprehensive monitoring, control,
and reporting system. All inquiries are done on-line, In addition, timely
analyses, and exception and summary reports are provided, The system is
designed to be "user-oriented".
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A.9 Maintenance and Inventory System

2.1 Work Order Processing

The Work Order module is the central data collection and processing element of
the Maintenance System. As shown in Figure A.9-3, most other modules interact
with each other through this module. Completed inspections are submitted from
the Preventive Maintenance Module. Inventory Transactions are reported from
the Inventory Module and are linked to work orders and vehicles. The
information is passed on from the Work Order module to the five reporting
modules, Labor, Cost, History, Warranty, and Work Orders (WO0).

The Work Order Processing Module differentiates between Work Initiators and
Work Orders in the following way.

- For any problem identified, and not corrected immediately, during
operations and inspection of vehicles, a Work Initiator (WI) is entered
into the system. These WI's include trouble calls, driver defect
reports and vehicle defects noted during inspections. It is intended
that the WI be short-l1ived. Open WI's are therefore reviewed each day.
When work is scheduled to deal with items identified on a WI, a Work
Order is opened. A WI is closed out when either all items identified
on it have been assigned work orders, or when it is determined that no
further work is required.

- Work orders can also be entered on-line without initiation by a WI.
The labor hours of open work orders are updated as work progresses.
When the work is completed, the work order will be closed and the
information contained on it transferred to a repair history file.
Information from closed WIs is also transferred to the repair history
file. The cost of labor and parts consumed is determined when
workorders are closed out. Both, work initiators and work orders,
update the status information of a vehicle, providing up-to-date
information on vehicle availability.

Warranty tracking and reporting is another feature of the Work Order module.
Possible warranty conditions are checked when work is performed on vehicles or
components. If the vehicle or component is under warranty, a report on the
warranty costs is generated,

In addition to the current vehicle status and repairs history that is provided
on-line through the Work Order module, key labor performance reporting,
vehicle and component analyses, reimbursable cost reporting, and the required
audit trail reports are generated,
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A.9 Maintenance and Inventory System

2.2 Preventive Maintenance Module

The Preventive Maintenance module tracks vehicle and support equipment usage
and mileage to schedule inspections and preventive maintenance (PM).
Consumables are also tracked in this module, The functions of this module are
shown in Figure A.9-4, Reports are generated for projections of inspections,
preventive maintenance, and consumables usage.

Inspection intervals are established by subfleets. Actual or scheduled
mileage, fuel usage, or hours of usage may be used as the basis for scheduling
vehicle PM, Special service type inspections, and interior cleanings can be
scheduled by elapsed time (days), mileage, or specific dates. Mileage or hours
of usage is the basis for component inspections. Elapsed time (days) or
specific dates is used for scheduling support equipment PM,

Inspections and PM events due are reported periodically. PM events are
considered due if their due time falls within a user-defined range. In
addition, vehicle and component usage may be projected further out into the
future based on historical averages of subfleet usage. This provides a
long-term projection of PM requirements that can be used to smooth workloads.
This long-term projection may be particularly useful for component PM.

The peformance of preventive maintenance is analysed and reported. The report
includes inspections which were performed early, on-time, and late, as well as
the work backlog. A report indicating the types of inspections performed is
also generated.
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A.9 Maintenance and Inventory System

2.3 Status Tracking and Reporting Module

The Status Tracking and Reporting Module provides fleet inventory reporting
and sub-fleet assignment. This module, shown in Figure A.9-5, will assign
sub-fleets to particular routes before peak pull-out. Assignment is based on
the characteristics of the route, the availability of vehicles within the
sub-fleets and the operating characteristics of the sub-fleets.

Vehicle availability information is provided by both on-line inquiry and
hardcopy reports. Fleet inventory information is similarly provided.
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A.9 Maintenance and Inventory System

2.4 Inventory Management

The Inventory Management module, shown schematically in Figure A.9-6, has been
designed to provide three major functions: inventory control, purchase
requisition and order processing, and purchase order tracking. Transaction
and adjustments are made on-line, This module will generate status and
analysis reports, as well as the required audit trail reports.

A perpetual inventory based on weighted moving average costs is maintained.
Inventory receipts, issues, transfers, and returns are recorded as the
transactions occur., Thus, inquiries can be made on up-to-date balances for
all inventory items. The Inventory Management module interfaces with the Work
Order module and supplies information to the Management Reporting and Planning
modules. It also interfaces with the accounting system to supply appropriate
inventory value and parts costs.

Parts costs are charged to vehicles and support equipment through the work
order number. Costs are determined using moving averages,

Based on a user specified model, the system determines when a part should be
reordered. A suggested reorder report is generated. 1In this report transfers
of inventory between divisions or garages may also be suggested.

When the suggested reorder is acted on, the purchase order information is
entered into the Inventory Management Module. The Inventory Management Module
will not actually prepare purchase orders. However, purchase orders and
requisition will be monitored.

Special inventory requirements above normal usage and campaign requirements
can also be entered into the system to influence ordering times and
quantities. This includes "Bili-of-Materials" type processing, for instance
when a component requires rebuild for a campaign. In addition to impacting
the reorder process, the "Bill-of-Materials" feature can be used for long-term
parts planning.

Component tracking is provided by automatically recording a component as being
changed-out when a new component is issued from inventory. The changed-out
component is considered a "Repair Cycle Part" (RCP). The location and status
of these RCP's is tracked until they are either returned to finished inventory
or disposed.

The system uses either the manufacturer's part numbers or an internal part
numbering scheme. These part numbering schemes may be cross-referenced.

Several type of inventory analyses and vendor performance reports can be

generated by the system. Information from these reports allows inventory and
purchasing managers to monitor inventory needs and vendor responsiveness.
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2.5 Failure Monitoring

The Failure Monitoring module shown schematically in Figure A.9-7 uses driver
defect, trouble call history, and the data from the transportation log to
produce failure analysis reports. These reports are classified in three
categories: driver defect analysis, trouble call analysis, and combined
failure analysis. Both, periodic and on-request, parameter driven reports can
be produced.

For trouble call analysis, the dispatcher's log is entered directly on-line.

This information is matched to the related trouble call reports. Failure
analysis of support equipment can be reported separately.
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2.6 Planning

The Planning module provides short-term work scheduling and long-term
planning. The system schematic for short-term scheduling is shown in Figure
A.9-8, Short-term scheduling is primarily oriented to personnel control,
matching skills with job requirements and making work assignments. It
involves tracking employee schedules, skills and general personnel information
(e.g., seniority), and identifying excessive absences, Scheduled vacations
and holidays are entered along with the employees' normal schedules. This
input allows the system to project available resources by shift and position,
It also monitors actual to scheduled personnel availability.

For short-term work scheduling, the Work Order and Preventive Maintenance
modules supply work requirements in order of their priority, based on the
criticality of the work. This includes both inquiry and reporting on work
order backlog, maintenance scheduling, and work and skill requirements.

An after-the-fact daily summary of outstanding work, new work requirements,

work performed, and actual manpower availability is also reported to closely
monitor progress in relieving backlogs, actual work performance relative to

actual labor hours available, and excessive absences.

The long-term planning system schematic is shown in Figure A,9-9, The
long-term planning portion of the system provides an analytical modeling tool
for projecting resource requirements for budgeting purposes, siting and
building new maintenance facilities, acquisition of new vehicles, or changes
in fleet assignment to divisions caused by a “shake-up.,"

Using historical performance or work standards as a base, various parameters
(e.g., projected mileage, usage, overhead adjustments, etc., by garage or
division) can be entered to yield total work requirements by task., By varying
the assumptions, the impact of differring conditions on projected resource
requirements can be evaluated,
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2.7 Management Reporting

The Management Reporting module, shown schematically in Figure A,9-10,
provides maintenance and inventory performance reports by authority, division
or garage, and subfleet. Project cost is also included in this module.

Each authority can establish performance indicators parametrically.

The calculations required to derive the indicators and desired plans are
entered into the module. On an established frequency or on-request, the
system will extract information from the Work Order, Preventive Maintenance,
and Inventory modules to compare the plans against calculated factual
performance,

The performance indicators defined by the Consortium can be classified into
the following groups: consumables and mileage, preventive maintenance, work
order repairs, costing, trouble call and defect analysis, status tracking,
inventory, and labor performance.

Project costs accumulated by the Work Order system are also reported in this
module by current month and over the project.

- 235 -



A.9 Maintenance and Inventory System

3. Hardware

The system is to be implemented at five sites on different minicomputers. The
exact hardware configurations has not been determined at this time.

- 236 -



A.9 Maintenance and Inventory System

4, References

A.9-1 "A Program for Improving Transit Industry Management Information
Systems, Volume 1 Information Systems Improvement Plan Summary; and
Vol III Systems Design Reference Manual. UMTA-I1T-06-0094-77-5; Arthur
Andersen & Co., Washington, DC; September 1976.

A.9-2 Vehicle Maintenance Reporting Standards Handbook; American Trucking
Association, Inc.; revised December 1982.

A.9-3 Western Transit Maintenance Consortium - Maintenance/lnventory System
Summary Narative, 1983.
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A.10 MAINTENANCE AND MATERIALS MANAGEMENT SYSTEM (MMM)
VISTA SYSTEMS, INC.
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3. Hardware
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1. INTRODUCTION

VISTA's Maintenance and Materials Management (MMM) system automates
information processing for equipment maintenance, parts inventory management
and procurement. Although it is focussed on vehicle maintenance, it can also
be used for any other type of equipment or facility.

MMM is fully interactive and uses simple commands and menus. Information is
entered via interactive screens and can be retrieved in the form of on-line
screen displays or or in the form of printed reports. MMM satisfies
requirements for standard financial, historical, and trend reporting and
provides information to assist the maintenance manager and the inventory clerk
in their job functions. Many of the basic data can be defined by the user and
modified as necessary. This is accomplished through user-defined files which
specify stock items, equipment configurations, maintenance activity codes, and
preventive maintenance programs. There are no limitations on the fleet sizes
or number of stock items which can be handeld by the system.

MMM was developed by VISTA with the consultation of maintenance managers from
a number of transit companies. It is currently being implemented at the
Capital District Transit Authority of Albany, NY.
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2. DESCRIPTION OF THE SYSTEM

MMM is divided into a Vehicle Maintenance Module and an Inventory Module., The
maintenance module is designed to satisfy the information needs of the
Maintenance shops and performs the following functions:

Processing and tracking of work orders, road call records, and
servicing records.

Tracking of conditions and repair histories of vehicles and
serfalized components

Projection of future maintenance events

Accounting of maintenance labor and cost.

The Inventory Module is targeted at the inventory clerk, and the purchasing
and finance departments. It performs the following functions:

Manual purchasing of any item and automatic purchasing of
inventoried items, including an optional reorder point calculation
Procurement tracking

Assistance in receiving, including price adjustments and returns

to vendors

Tracking of inventory movements (issues, inter-storeroom transfers
and mechanic turn-ins)

Assistance in taking of physical inventory count and reconciliation
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2.1 The Vehicle Maintenance Module

The Vehicle Maintenance Module tracks and reports maintenance history;
accumulates and reports labor and parts costs; analyzes and reports defects by
component, vehicle and fleet; accumulates and reports consumables histories;
and projects future maintenance events.

The user develops and maintains master files of equipment configurations and
stock items as well as a code book for component, defect, problem, and repair
action codes, All codes are defined by the user and may vary in length between
one and thirteen characters. The user also specifies the preventive
maintenance program. Inspection cycles may be entered in hours and/or miles.

The main menu of the Vehicle Maintenance Module is shown in Fig. A.10-1.

A1l activities of the module are started from this menu. In the following
these activities are described in groupings and in an order different from the
main menu,

Work Order Processing

All maintenance actions are captured using a common work order entry screen
shown in Fig. A.10-2. Work orders are opened by entering the date, vehicle
number and problem. Defects, components, mechanic ID's and hours spent may be
entered whenever this information becomes available, possibly at the time the
work order is opened. The user can modify data after initial entry and add
data to a work order (e.g. additional mechanics, problems or defects).

Tne user can call up screen displays which show the work orders that are open
at some repair facility or on some vehicle. Another screen shows the work
orders currently assigned to one mechanic. As an example for the format, Fig.
A.10-3 shows the screen with the currently open work orders. A summary of
each work order can also be printed. An example of this is shown in Fig.
A.10-4.

The work order tracking function automatically accumulates all work performed
on each vehicle and on up to ten user-specified sub-assemblies. The following
information can be generated and displayed on on-line screens:

- The repair history of a vehicle

- A summary of components installed on a vehicle
- A listing of road calls

- A listing of inspections due

The following written reports can be generated from the work order information:

A history of repairs on a vehicle or on a system

A history of repairs by problem

A fleet defects analysis (see Fig. A.10-5 for an example)

- A history of component changes for each vehicle

A listing of repeat workorders on vehicles
A listing of component replacements performed in one repair
Tocation in a specified interval of time
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A listing of all workorders one mechanic worked on during a

specified interval of time

- A listing of workorders for one vehicle and one mechanic

- A listing of repair costs either by vehicle, by system or by
problem (see Fig. A.10-6 for an example)

- A listing of system failures by vehicle or by date

- A listing of road calls by vehicle or by mechanic

- Listings of inspections performed and inspections due

Vehicle Status

The status of each vehicle may be updated via the screen shown in Fig A.10-7.
Listings of vehicles available or disabled at any one given time may be
displayed on the screen.

Vehicle Servicing

Vehicle servicing activities are entered via the screen shown in Fig. A.10-8
or through hand-held data collectors. Daily fueling summaries per vehicle can
be displayed on the screen, as can the rate of fuel consumption on a
year-to-date and month-to-date basis. Annual summaries of fuel and oil
consumption per month and for each vehicle may be printed or displayed on the
screen, Only available in printed form is an exception report which shows all
vehicles for which the consumption of fuel or o0il was outside some specified
range. |

Warranty Claims

A facility 1s provided to track warranty claims for vehicles and components.
The identification numbers of work orders associated with each claim are
entered via the screen shown in Fig. A.10-9. Also entered in this screen are
the amounts claimed and any compensation received, Summaries of open claims
may be displayed on the screen. Also, a printed report for all claims within
a specified interval of time may be produced.

Initialization of Data

The following data are required to initialize the maintenance module:
- The vehicle master file

The file of repair codes

The file of serialized components

The specification of the maintenance program

These data are entered via the screens shown in Figures A.10-10 to 13, The
data may be displayed on screens. Also, the vehicle master list . .id the file
éf repair codes can be printed. Examples of these are shown in Figures
A.10-14 and 15.
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2.2 The Inventory Control Module

The Inventory Control Module is a self-contained set of programs which

monitor and report materials movements and assist in the purchasing function.
It can be integrated with VISTA's Financial Management System for expense
distribution on either a FIFO or an average pricing basis. It interfaces with
the Vehicle Maintenance Module, receiving materials movements information and
providing materals cost information.

The module supports the following four functions:

- Maintenance of an Inventory Master File, This file may contain
an item description of up to 70 characters, bin locations, and
information on up to ten vendors and their part numbers for each
inventoried item. Manufacturers part number supercesssions are
handled via look-up tables.

- Purchasing. A report is isssued when the stock level for an item
falls below a user-specified threshold. Purchase orders are
generated with operator interaction. For each item up to seven
purchase orders may be tracked at any one time.

- Receiving. The stored purchase order data are retrieved on
receipt of parts, minimizing the data entry required for recording
the additions to inventory.

- Parts Issues. All issues of parts are tracked and the appropriate
adjustments are made. All issues are recorded and may be costed
using either the average or the FIF0 method. Transfers between
storeroom locations, turnins from mechanics, and return of parts
to vendors can also be handled.

The various activities of the Inventory Control Module are started by means of
commands listed in the Help Command Screen Display. This display is shown in
Figure A.10-16.

Purchasin

A l1isting of stock items with stock levels below the specified minimum may be
produced at any time at the request of the user. A sample copy of this
listing (“Reorder Requirements Report") is shown in Figure A.10-17. For any
of the items included in this listing an automatic purchase order may be
generated on the screen., Alternatively, purchase orders may be created
manually on the screen. After review and - if necessary - editing, the
purchase order may be printed on stock forms,

At the time of printing, the system will initiate tracking of the purchase
order. Issue of purchase orders, together with other inventory transactions,
is recorded in the transaction log which may be called up on the screen at any
time. Open purchase orders may be displayed on the screen on request. The
status of all open purchase orders for each vendor may be printed on request,

The purchase history and alternative sources of supply may be displayed on the

screen at any time, The information includes past lead times and prices as
well as a calculation of an average price.
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Receiving

When materials are received, the Receiving Clerk enters the purchase order
number, the stock number, the quantity received, and the date. If the system
has a record of a matching open order, it will display vendor information and
price, If there is no record of a matching order in the system, the
information has to be entered manually if the received materials are to be
accepted. Recording receipt of materials causes the stock level and the
average and last price to be updated. A special command ("ONHAND") allows
receipt of materials without changing the average price. Through another
command ("REHAB") rebuilt items may be added at a specified fraction of their
new price.

Issues

ARTT issues from stock are recorded via the Issue Command screen. The
workorder number against which the material is charged is recorded on this
screen, providing the bridge to the Vehicle Maintenance Module. Turnins and
returns are handled in an analogous manner,

A1l movements of material between different locations are recorded on screen
via the Transfer Command. Transfer packaging lists are produced and accompany
the transfers.

The system permits for material to be set aside as reserve for future usage.
The Reserve command is used to initiate this. All ‘open reserve items may b
displayed on the screen,

Physical Inventory Count

For the purpose of taking a physical inventory count, a 1ist of all stock
items by bin location may be produced. The physical count may be entered into
blanks in this report. From there the information is transferred to the
system., A hard-copy report of all count discrepancies is produced.

Inventory Status Displays and Reports
A number of reports on various aspects of the inventory situation may be
produced at the request of the user.

- Inventory Status Report. This report provides detailed
information for each stock item. It can be produced for specific
stock items, for a specific storeroom, or for the entire system.
An example of this report is shown in Figure A.10-18.

- Inventory Activity Report. This report summarizes orders,
receipts, issues and transfer data for each storeroom for a
zpeci{;ed period. An example of this report is shown in Figure

. 10' .

- The Inventory Transaction Report summarizes all inventory
transactions for a stockroom.

- A display of inventory on hand per location for a specified item.

- A display of all stock numbers which correspond to the same item
description,
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3, Hardware

MMM is available for any of the families of PRIME and Digital Equipment
Corporation VAX computers, including their low-end versions, and on any
UNIX-based 16-bit microcomputer, For example, the smallest PRIME computer is
a model 2250 with 1/2 Mb of main memory, a 58 Mb Winchester disk, and an
integral cartridge tape drive. A typical microcomputer configuration includes
1/2 Mb RAM and a 20-40 Mb Winchester disk. Either one of these two systems
would support two to three simultaneous users.

The microcomputer option could be upgraded to support a practical maximum of
six to eight users, while the minicomputer option in the low-end range could
handle up to 15 to 20 users. Other minicomputer configurations can handle 100
and more users,

The programs of MMM are written in ANSI standard FORTRAN 77. The data files
are a mix of direct access and indexed sequential files, all of which are
accessible from a variety of available report writer and query systems. The
software system was designed to interface with INFO a relational data base
management system that provides query capability.

4, References

A.10-1 VISTA - Pioneer Valley Transit Authority, Vehicle Maintenance Module,
Reference Manual, 1983,

A.10-2 VISTA - Pioneer Valley Transit Authority, Inventory Module, Reference
Manual, 1983.
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APPENDIX B

NAMES AND ADDRESSES OF
SYSTEM DEVELOPERS
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B.1

B.2

B.3

B.4

B.5

B.6

B.7

8.8

Vehicle Maintenance Reporting Standards (VMRS)
American Trucking Association, Inc.

1616 P Street, N.W.

Washington, D.C. 20036

(202)797-5371

Hercules Vehicle Maintenance Reporting System
Computer Task Group, Inc.

800 Delaware Ave,

Buffalo, NY 14209

(716)882-8000

Fleet Maintenance System (FMS)
DDS, Incorporated

5155 Mercury Point

San Diego, CA 92111
(619)565-9166

CPMU/V

The Facts Corp.

275 Fresh Pond Parkway
Cambridge, MA 02140
(617)864-5900

Fleet Controller

Fleet Technologies International
P.0. Box 1070

Minnetonka, MN 55343
(612)938-8861

TRANS-PAC

MTD Project Services, Inc,

8050 Seminole Office Center, Suite 302
Seminole, FL 33542

(813)398-4436

Vehicle Maintenance and Monitoring System (VEMM)
Modeling Systems, Inc.

Ten Emerson Place, Suite 3-E

Boston, MA 02114

(617)227-6778

MICRO (EMIS) Equipment Management Information System
Public Technology, Inc.

1301 Pennsylvania Ave., N.W.

Washington, DC 20004

(202)626-2400
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B.9 Transit Maintenance Management System
Western Transit Maintenance Consortium
METRO
Municipality of Metropolitan Seattle
Exchange Bldg.
821 Second Ave,
Seattle, WA 98104
(206)447-6829

B.10 Maintenance and Materials Management (MMM)
VISTA Systems, Inc.
900 State Road
Princeton, NJ 08540
(609)921-0065

rU.8. GOVERNMENT PRINTING OFFICE: 1985 461 616 20213
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