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ABSTRACT

Transit bus maintenance practices as used by thirteen small
and medium-sized transit systems in Virginia were cataloged. Dif-
ferent approaches to maintenance were investigated and the current
condition of transit bus maintenance was determined. Factors
affecting the performance of transit bus maintenance were identified
and recommendations were develcoped that address the current problems
in the maintenance operations of the transit systems studied.
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NEED FOR STUDY

It is generally acknowledged that the maintenance of transit
vehicles accounts for approximately 20% of total transit operating
expenses.(l) With the increasing complexity of the advanced design
buses (ADB) currently being purchased, it is quite likely that the
cost of bus maintenance will beccme an even larger proportion of
operating expenses. The changing characteristics of new buses were
noted in a recent congressional report which stated that '"the ADB
does not embody any serious attempt to simplify and make more du-
rable, but rather may be another manifestation of ocur love affair
with complex technology. Like new autos, new buses emphasize fea-
tures related to style and comfort — often at the expense of dura-
bility, maintainability, and fuel economy."(Z)

Public transit was for many years a declining industry, but
in recent years there has been a steady increase in the demand for
public transit services. This increase makes it necessary to oper-
ate and maintain more transit buses at a higher reliability rate
than in the past, and transit bus maintenance is the most important
factor in assuring the present rate of reliability and increasing
it in the future. Therefore, the quality and efficiency of *ransit
bus maintenance must be increased in order to provide this reli-
ability. To develop and implement programs to increase quality
and efficiency, it is necessary to understand the present condition
and practice of transit bus maintenance. Currently, there is no
collective body of knowledge or literature dealing with these as-
pects of transit bus maintenance. The problem addressed by the
research reported here 1s this lack of knowledge and, sven more
specifically, the lack of knowledge cocncerning medium and small-
sized public transit bus properties and their problems.



A knowledge of the types of organization and practices used
by other transit properties will enable a given maintenance man-
ager to improve his assessment of his operations and identify
hidden problems that contribute to inefficiency. This is of par-
ticular importance whers hidden problems may be due to political
or other constraints not controclled directly or indirectly by
the transit operator.

In recent years, the idea of taxpayer protection has become
quite popular. Transit subsidies have thus come under intense
scrutiny, and transit vehicle maintenance has taken on added im-
portance as a result of increasing fuel costs and the general in-
flationary pressures acting on both transit operatiocns and capital
purchases. The possibility of improvements in vehicle maintenance
has local, state, and naticnal significance. The previously cited
congressional report noted that

On the issue of escalating operating costs,
which transit systems and taxpayers nation-

wide have had to face, it is not enough to
dismiss the matter as essentially a local
concern. The Federal taxpayer has a con-
siderable interest in the operating side,

even beyond the distribution of Section 5 funds
that will top the $1 billion level in 1980.

It is the local investment in coperations and
maintenance which protects the Federal capital
investment in vehicle procurement. When ve-
hicles are no* or cannot be properly operated
and maintained, their service life is sericusly
shortened, meaning replacement vehicles must be
purchased with Federal assistance that much
sooner. The Federal Gcvernment ends up spending
more and mcre for less and less. Conversely,
the conduct of the Federally assisted vehicle
procurement program has significant effects on
the operational burdens imposed on transit oper-
ators. To the extent the program tilts procure-
ment toward vehicles which have higher 1life cycle
costs in order to minimize initial costs, 1t adds
to the operaE;ons and maintenance burdens at the
local level.(2)

There is a growing interest at the federal level in implemen-
ting scme form of mandatory maintenance requirements fcr transit
vehicles. The idea of federal regulation of vehicle maintenance
is not without precedent, as the Federal Aviaticn Administraticn
enforces a rigorous program of mandatory aircraft maintenance.



The Urban Mass Transportation Administration (UMTA) has made its
concern for adequate maintenance of transit buses a matter of pub-
lic record by statements that appear in the Federal Register.(3)

In addition, recent statements by former UMTA Administrator Theodore
Lutz indicate that the UMTA is taking a serious look at an increased
federal regulatory presence in transit bus maintenance.(4) These
statements have been followed up by the UMTA with the advanced
notificaticn of proposed rule making for transit maintenance re-
quirements. This notification and eight proposed alternative re-
quirements appear in the Federal Register of January 21, 1981.(5)

The loss of federal funds to support operating assistance at
both Section 5 and Section 18 properties now appears to be a cer-
tainty. It is, therefore, essential that efforts which assist the
operating prcperties to increase effectiveness and productivity of
their vehicle maintenance be given a high priority by the federal,
state, and local agencies responsible for public transit.

REPORT FORMAT

The purpose of this report is to provide an overview of re-
search on transit bus maintenance and to catalog transit bus mainte-
nance operations for thirteen small and medium-sized transit prop-
erties in Virginia. For the purpose of this report, a small transit
system is classified as one with 20 buses cr less and a medium-
sized system is one with more than 2C buses but less than 250.

This report presents the results of a questionnaire completed
by operating properties in the Commonwealth and cbservations re-
corded during site visits to the various maintenance operations ocver
a period of five months. The questionnaire results and observations
are in turn used as data to develop a description of the maintenance
coperations which includes facilities, equipment, practices and con-
tracted functions, perscnnel, organization, information systems,
and planning. The elements included in the description are then
analyzed to identify factors which affect the performance of transit
bus maintenance. These factors provide the information upon which
the included set of proposed maintenance standards are based. In
addition, there are a number of recommendations, some of which stand
apart and some of which are necessary to support the proposed stand-
ards.

It is not the intention of this report to evaluate or measure
the performance of the reviewed maintenance operations or compare
them to one another. The material presented represents what was
found in practice and is, therefore, cataloged as such. In the



course of the discussion presented, it will appear that some
operations are quite different from others and they are. Each
operation is a function of local conditions, operating character-
istics, and constraints which prevent and preclude any comparative
evaluation.

BACKGROUND

Transit bus maintenance may be characterized as an insurance
policy intended to protect the capital investment made when a bus
is purchased. It provides the best method of ensuring the mechan-
ical reliability of a transit bus and, in turn, the dependability
of that bus in revenue service.

Transit bus failures in revenue service result in delays and
perhaps even cancellation of runs, with the effect of erocding <the
riders' confidence in the system, decreasing the demand for service,
and reducing revenues. A mechanical breakdown during revenue serv-
ice 1s often accompanied by failure of some allied subsystem of the
bus, increased mechanical labor ccsts, and driver labor costs due
to road callsand/or the need to switch buses. When the possible
consequences of an in-service bus breakdown are consider=d, it is
easy to support the position that bus maintenance is a worthwhile
investment.

Types of Maintenance

Ideally, vehicle maintenance 1is practiced in three steps:
preventive, periodic, and breakdown.

Preventive maintenance can be described as maintenance checks
anc procedures done on a scheduled and continuing basis through-
out the useful life of the vehicle in order to avoid vehicle mal-
function during revenue service. It decreases the amount of un-
scheduled maintenance and provides maximum vehicle availability.

In general, preventive maintenance can be thought of as the mainte-
nance of those items that would directly affect the riders' safety
or result in a costly unscheduled repair. An example of preventive
maintenance is the adjusting of the vehicle brakes at scheduled
intervals.

Periodic maintenance i1g used to assure that major components
or parts are maintained or changed when they have been used for a
predetermined length cof service. An example of periodic mainte-
nance 1s the replacement of a transmission after 250,000 miles of
use.



Breakdown maintenance is used for parts and components that
~are easily and readily repaired or replaced and pose no safety
problem nor require a high cost. Breakdown maintenance would
include the replacement of such items as interior light bulbs,
reflectors, and exterior lenses.

In the real world, vehicles are maintained under two cate-
gories of maintenance effort: preventive maintenance, which is
reasonably close to the definition of the ideal practice, and
breakdown maintenance, which must be redefined for the real world
situation. This new definition includes all maintenance opera-
tions performed when there is a failure in any of the components
or subsystems of the transit bus, and it is often referred to as
"running repair".

Periodic maintenance is not generally practiced by transit
properties for several reascns. The data necessary to determine
mean fallure rates for parts and components are not always avail-
able and in most instances are not even collected. If the data
are available, they must be reviewed and analyzed, a task that
requires a large amount of employee time unless the property is
equipped with or has access to a computer and data processing
equipment, which is not usually the case.

Approaches to Maintenance

Transit bus maintenance in Virginia is carried out under two
basic approaches: (1) the maintenance of transit buses as a part
of the fleet of all vehicles owned by a political Jjurisdiction,
and (2) the maintenance of transit buses only in the case of a
public owned transit system. These two approaches will ba referred
to in this report as "municipal fleet" and "transit only'".

The local political jurisdiction responsible for the funding
of the transit operation must decide which of the two approaches
1s appropriate for its situation. Each approach has its positive
and negative aspects. It should also be mentioned at this point
that as a general industry philosophy, the operational aspec*ts of
any transit system with more than 15 to 25 buses are usually better
suited to the transit only c¢ption.

The municipal fleet apprcach is an effective method of re-
ducing the maintenance facility overhead per vehicle maintained.
The large number of vehicles maintained using this approach often
makes 1t ccst-effective to purchase expensive malntenance equip-
ment that can not be justified for a small number of buses. This
approach allows the maintenance data to be recorded and collected
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at one facility and also allows for a centralized inventory if
such 1s desired. These are substantial benefits for a small
municipality. However, this approach also can have negative
aspects. The wide diversity of equipment that must be maintained
often causes a loss of labeor productivity. In addition, often a
maintenance priority develops in this type of operation, either
formally or informally, that positions transit vehicles low on
the priority list.

The transit only opticn is often more costly for a small
number of buses, since it requires a duplication of services and
facilities that may already exist elsewhere in the pclitical juris-
diction along with additional supervisory and inventory effort.
This 1s balanced by the fact that only transit buses are being
maintained, which should allow maintenance personnel to be more
productive and better informsd about specific problems. In addi-
tion, there is no priority to be concerned with as only the transit
vehicles are being maintained.

The two basic maintenance approaches can be further divided
on the basis of the following five levels of maintenance that can
be practiced.

Scheduled inspections

Minor repairs

Replacement of major components and subassemblies

. Repair of major components and subassemblies

grFw Ny
.

. Rebuilding of major components and subassemblies

These five levels of maintenance are found in varying degrees in
both basic maintenance approaches. The determinant for what level
will be practiced is a mixture of the type of maintenance equip-
ment on hand, skill of the maintenance personnel, and ccst of the
operation. The last ingredient in the mixture, cost, is the one
least defined or understood, because adequate cost data concerning
rebuild, repair, or replace are rarely, if ever, maintained.

METHCDOLOGY
The study comprised the following tasks.

1. A review of the available literature dealing with
transit bus maintenance.
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2. A direct mail questionnaire of the operating
properties listed in Table 1.

3. Site visits to each of these operating properties.

4. An examination of the information obtained from
the survey and site visits.

5. The preparation of a final report documenting
the findings of the study.

Table 1
Virginia Operating Properties That Were Reviewed

Richmond Transit
Tidewater Regional Transit
Peninsula Transit

Roanoke Transit

Lynchburg Transit
Charlottesville Transit
Petersburg Transit
Danville City Transit
Bristol City Transit
Staunton Transit
Winchester Transit

James City County Transit
Harrisonburg Transit

NOTE: See Appendix A for bus inventories of these properties.

LITERATURE REVIEW

The amount of literature available on transit bus maintenance
is relatively small compared to that on other transportation sub-
jects. This 1is a deplorable situation when one considers that
approximately 20% of public transit operating expense is a direct
result of vehicle maintenance. The literature that is available
can be classified into four groups. The first deals with mainte-
nance scheduling and improved information systems for maintenence
cperations in transit properties.(6,7,8,9,10) The second relates
to preventive maintenance activities, fcrms, and mileage schedules
either in use or recommended for use by various transit properties
and state agencies.(11,12,13) The third is concerned with overall
transit system service evaluation and includes publications that
may or may not contain(igmiccggsopyjeva;ugtion of the vehicle

b

(%)

maintenance operation. 5,16,17318,18,20,21,22)  The fourth
classification is made up of literature _dealing with vehicle mainte-
nance at the operational level, 23,24,25,25,27,28)

The literature reviewed is discussed under +these four classi-
fications below.
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Maintenance Scheduling and Information Systems

Bakr and Kretschmer(8) discuss the need for an optimal
schedule of bus maintenance from a least~-cost point of view.
A method of determining a least-cost schedule is developed and
presented as a means to balance the cost of maintenance against

the cost resulting from unscheduled repairs due to mechanical
failure.

Herniter et al.(7) present a model called MASSTRAM to be used
in analyzing alternative maintenance strategies for rail vehicles
to balance the cost of maintenance against lost service. The
model is, in effect, a planning tool and not a method for arriving
at a precise maintenance schedule.

The International Business Machine Corporation(8)kand the
Mitre Corporation(9) present descriptions of information systems
designed for the processing of maintenance and repair data tc
improve the productivity of the maintenance function.

Activity Forms and Mileage Schedules

The Transit System Maintenance Manual (11) prepared for the
Florida Department of Transportatlion 1s presented as a guide for
newly created transit systems with a fleet of 25 or more buses.
Meant to be an aid to the development of maintenance facilities
and activities, it covers tools and equipment, inventory control,
preventive maintenance, recommended service procedures and inter-
vals, sample forms, personnel, safety, and training.

Preventive Maintenance — Forms and Procedures(l2) is another
example of this type of literature. It is a collection of preven-
ive maintenance reporting forms and the type of schedules used by
various transit properties. Much of this information was reprinted

from the previously cited Florida manual.

The Coach Inspection Manual(13) developed by the Washington
State Department of Transportation is a collection of example in-
spection forms to be used in conjunction with preventive mainte-
nance procedures. It explains how to perform 56 maintenance item
checks, adjustments, and replacements.

Transit System Evaluation

Typical examples of this type_of literature are Allen and
Grim(1%) and Mundle and Cherwony.(IS) These papers present the



development and explanation of overall system performance indi-
cators, of which those for vehicle maintenance are minimal as
compared to service indicators. The developed indicators are
applied as internal measurements and not as external or peer
comparisons.

Fielding and Glauthier(la) and Holec et al.(17) present
system evaluation techniques to be used for external comparisons.
Here again, emphasis is on service evaluation, with vehicle mainte-
nance receiving only minimal attention. Holec does show the va-
lidity of using Section 15 Data as performance data.

Much of the material reviewed was completely service oriented
and did not include vehicle maintenance measures. The studies of
Flusberg et al. 20) Attanucci et al.(21> and Drosdat(22) are ex-
amples.

Cperational Areas

McKnight et a1.(23) are investigating the connections and
relationships among transit vehicle maintenance, service reliabil-
ity, and travel demand.

Holthoff and Knighton(zq) have ilnvestigated cost increases,
cost differences, and productivity in several New York transit
systems. The objectives of their study were to explain rising
operating costs and the reasons why some transit properties are
more costly t¢ operate than others. Causes such as average ve-
hicle speed, labor cost, and productivity were identified as
problem areas.

A paper by Haenish and Miller(23) presents information on
how to devise improved procedures that lead to increases in pro-
ductivity.

Thurlow et al.(28) present the results of a survey made to
obtain information for cataloging and detailing trends in transit
bus maintenance facilities. The report discusses the construction
of garage and shop buildings, floor plans, tocls and equipment,
and maintenance personnel necessary to fulfill the maintenance
requirements for fleets of various sizes.
orester et al.(27) discuss a study in which the previously
nced MASSTRAM model was adobted transit bus use and an
Dt was made to implement the model in conjunction with the
Chicago Transit Authority. General transit maintenance planning
is also explored. Major findings of the study are that there is a
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gap between maintenance theory and practice, there is inade-
quate collection of data suitable for transit maintenance
planning, and current maintenance schedules are almost always
arrived at by using manufacturers' recommendations and operator
experience. Two major recommendations are that current practices
and procedures be documented and that a federal policy on mainte-
nance planning be developed.

The Utah Transit Authority(28) presents the results of a
questionnaire survey conducted by mail to obtain information on
transit bus maintenance practices and schedules. The 44 transit
bus properties responding provided data on scheduled maintenance,
servicing, training, repair maintenance, and general maintenance.
Examples of maintenance inspection schedule sheets used by various
properties are included in the report. A major conclusion of this
study supports the idea that there is a lack of research on the
maintenance practices of transit operators.

MAIL QUESTIONNAIRE

A questionnaire was mailed to maintenance management personnel
at each of the thirteen Virginia properties participating in the
study. All of the gquesticnnaires were completed and returned. This
decument elicited information on maintenance facilities, mainte-~
nance personnel, maintenance procedures, maintenance problems, bus
purchases, and cooperative efforts. As in any survey, the complete-
ness of the responses varied but, in general, the range was good to
excellent. A copy of the questionnaire, including tabulated re-
sponses, is presented in Appendix B.

Questionnaire Results

The main results in these six areas are discussed in this
section and, for ready reference, are included in the responses
presented in tabular form.

Maintenance Facilities

Table 2 presents the main responses for this subject area.
One maintenance facility was usad for the support of transit bus
cperaticons at each of the respondent properties. While several
properties had various functions of the maintenance activity hocused
in different buildings, these all were located at the same site and
were, therefore, considered *to e one facility. The ages of th
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facilities ranged from 1 to 80 years, with the mean age being
apprcximately 35 years. Maintenance equipment 1is also included
in this subject area. The amount of maintenance equipment avail-
able was considered adequate by 7 respondents and inadequate by
the remaining 6. The type of maintenance equipment available was
judged adequate by 5 respondents and inadequate by 8.

Table 2
Questionnaire Results =— Maintenance Facilities

No. No. of 7
Age of the Maintenance Facility Years Responses Total

1

2
13
20
30
35
40
54
75
80

B e N N
e
0 00 0o oo Ui ln 0 00 O 0o

Yes No

No. of % No. of A
Responses Total Responses Total

Amount of maintenance equipment adequate 7 54 6 46

Type of maintenance equipment adequate 5 38 8 62

NOTE: All properties reported having one maintenance facility.

Maintenance Personnel

The main responses in this subject area, presented in Table 3,
relate to turnover, emplcyment, and training. It was indicated that
the annual turnover rate for maintenance personnel ranged from zero
to 10.0%, with the mean being 2.5%. The rate for service personnel



was between zero and 17.0% with a mean of 2.4%. Twelve of the
respondents, about 92%, indicated that it was difficult to
attract and employ qualified bus maintenance personnel, while 1
did not experience such difficulty. The respondents were unan-
imous in their expressed need for some sort of formal in-state,
training programs for Virginia transit bus mechanics. While the
response to the relative need for training was unanimous, only

2 of the systems had an organized in-house training effort and 4
indicated that they had an in-house apprentice program.

Table 3
Questionnaire Results — Maintenance Personnel

Rate 7 No. of Responses

Maintenance personnel turnover

O~NwWN PO
POHERFENMDV

Service personnel turnover

NO MO
HE e

e

Yes No

No. of % No. of %
Responses Total Responses Total

Difficulty in hiring qualified
maintenance personnel 12 92 1 8

Formal transit maintenance training
needed in Virginia 13 100 - -

Formal training program 2 15 11 85

Organized apprentice program 4 31 9 69

[
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Maintenance Procedures

Maintenance capability, contract work, vehicle records,
maintenance schedules, and the levels of maintenance are the
main categories included under maintenance procedures. These
responses are presented in Tables 4 through 6.

Six properties indicated that they had complete in-house
maintenance capability and 7 felt that their capability was less
than complete. The need for more in-house capability was expressed
by 8 of the respondents, while the other 5 felt they did nct need
more capability.

The practice of contracting out service work was used by 4
respondents and maintenance work was contracted out by 5. Compo-
nent and subassembly rebuild work was the largest type activity
put out to contract. Ten properties indicated that they did con-
tract out rebuild work and only 3 did not.

All of the respondents indicated that they had a system of
vehicle maintenance records of some kind, with 3 of the systems
responding that their maintenance records were computerized.

A preventive maintenance program was being used by 12 proper-

tles, while 1 property indicated it did not. The 12 respondents
that operate a preventive maintenance program all indicated that
their programs were based on vehicle use in miles. In addition,
1 respondent indicated that certain maintenance procedures were
scheduled on a seasonal basis. The indicated mileage interval
used for the basic preventive maintenance schedule ranged from
1,500 to 65,000 miles, with the mean for the 12 properties being
approximately 3,770 miles X

The percentages of tcotal maintenance reported to be preventive
maintenance ranged from 20% to 80%, with a mean of 46.5%. The same
figures also appear for the percentages of maintenance work that
reported to be remedial. While the range and the mean 45.5 are
almost identical, the distribution was quite different as shown in
Table 5. In addition, routine ccmponent change out and subassembly
replacement were practiced by only 3 properties.

As indicated, 6 of the respondents classified their remedial
maintenance as being 50% or more of total maintenance. Remedial
maintenance (running repair) i1s more costly to undertake than
other types. The repair and replacement of major components and
subassemblies is obviously more expensive than actions usually
assoclated with preventive maintenance. In addition, remedial
maintenance requires that the bus be kept ocut of revenue service
for longer periods of time than does scheduled preventive mainte-
nance. When large amcunts of remedial maintenance are necessary
to meet service levels, the result 1is that less time and manpower

*In the interest of readability, the metric equivalent of the mile
1s stated here and not repeated in the text and tables.
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are available for preventive maintenance. Deferring necessary
preventive maintenance causes still more failures, which in turn
increase the amount of remedial maintenance.

Ten maintenance tasks were listed in the questionnaire. Five
of these were commonly done by all the respondents. The scheduled
inspection of vehicles and the repair of major components were
being done by 12 properties. Three of the five most common tasks —
minor repairs and replacement, replacement of parts, and replace-
ment of major components — were being done by all the respondents.
These results are presented in Table 6.

Table Uu

Questionnaire Results — Maintenance Capability, Contract Work,
Vehicle Records, and Maintenance Schedule

o ~Yes No
No. of % No. of %
Responses Total Responses Total
Complete in-house
maintenance capability 6 46 7 54
Need added in-house
maintenance capability 8 62 5 - 38
Service work contracted out 4 31 9 69
Maintenance work contracted out 5 38 8 62
Rebuild work contracted out 10 77 3 23
Vehicle maintenance record system 13 100 - -
Record system computerized 3 23 10 77
Preventive maintenance program
in use 12 92 1 8
Preventive maintenance program
based on mileage 12 92 1 8
Miles No. of Responses % Total
Mileage interval used for {(none) 1 8
preventive maintenance schedule 1,500 1 3
2,000 2 15
3,000 2 23
4,000 1 8
4,500 1 8
5,000 1 8
6,000 4 31



Table §

Questionnaire Results —

Portion of maintenance work
that is preventive

Porticn of maintenance work
that is remedial

Portion of maintenance work
that is of other type

Regularly scheduled comronent
change outs

p—

Maintenance Activities
by Major Type

no comment

20
30
50
55
66
75
80
no comme

0

5

10

20

25
no comme

Yes

nt

nt

No. of Responses

e e el el SN S RN

N T N el e

HNR RO

No

Ne. of
Responses

%

Total

No. of
Responses

oL

Total

23

106

77



Table 6

Questionnaire Results — Maintenance Activities
by Work Task

Yes No
No. of A No. of %
Maintenance Tasks Responses Total Responses Total
Scheduled inspection 12 92 1 8
Minor repairs & replacements 13 100 - -
Replacement of parts 13 100 - -
Replacement of major components 13 100 - -
Repair of major components 12 92 ' 1 8
Rebuild of major components for
stock 7 54 6 46
Replacement of subassemblies 9 69 4 31
Repair of subassemblies 7 54 6 46
Rebuild of subassemblies for
stock 5 38 8 62
Body and chassis structural work 8 62 5 38
Written Form Verbal No Set Procedure
No. of % No. of % No. of %
Defect Reporting Responses Total Responses Total Resvonses Total
Operators 10 77 2 15 1 8
Service personnel 8 62 3 23 2 15

The five remaining tasks ware being performed by a smaller
number of the respondents. The rebuilding of major components and
the repair of subassemblies were being done by 7 properties, Nin
properties reported that thev replaced subassemblies while only 5
rebuilt subassemblies fcor steck. The final maintenance task, bdody
and chassis structural werk, was done by 8 properties.

Defect reporting was the last subject covered in the guestions
on maintenance procedure. Tan of the respondents indicated the ve-
hicle cperators reported vehicle defects to the maintenance personnel
on a written form, 2 indicated that they used verbal reporting, and
1 had no set procedure. Vehicle service personnel in 8 properties

16



used a written form to report defects to the maintenance per-~
sonnel, 3 properties reported these verbally, and 2 had no set
procedure.

Maintenance Problems

Most of the maintenance problems cited by the respondents
related to the kind of operation and the type of vehicle. These
are presented in Table 7.

Six of the responding properties indicated that they experi-
enced maintenance problems peculiar to their operations. These
included a very short service life fcr brake linings and tires
caused by hilly terrain in their operational area. Transmission
failures, and the attendant road calls, were alsoc attributed to
the terrain over which the properties operated. Various problems
resulting from inadequate maintenance facilities and equipment
were cited. Several properties cited problems with limited man-
power and mechanical ability as being related to their kind of
operation.

Table 7

Questionnaire Results — Maintenance Problems

Yes No
No. of % No. of %
Responses Total Responses Total
Maintenance problems relating to kind
of operation 6 46 7 54
Maintenance problems relating to type
of vehicle operated 10 77 3 23

A much larger group, 10 respondents, noted problems being
experienced as a direct result of the type of transit vehicle
they were operating. These responses indicated considerable
problems with vehicles that were no longer being marketed in the
United States and vehicles for which major components and sub-
assemblies were no longer available from the manufacturer. Cer
foreign manufactured buses were singled out as a major source o
problems, along with small-sized domestic vehicles that were not

ain
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holding up very well in daily revenue service. An additional
major source of problems indicated was the high rate of component
and system failures experienced while operating advanced design
buses, irrespective of the bus manufacturer. Specifically cited
were failures of the air conditioning equipment, electrical com-
ponents, brake system, wiring, engine accessories, and the auto-
matic transmission. It appears that failures were found in all
the major systems necessary for the operation of the bus. These
failures were noted to have led to an increased amount of running
repairs and in-service breakdowns resulting in costly road calls.

Bus Purchases

The information obtained on bus purchases is presented in
Table 8. Ten properties said they expect to purchase new buses
within three years. The numbers of buses to be purchased by the
properties ranged from 1 to 47 and totaled 118.

Eleven of the respondents felt that the buses available were
compatible with their present maintenance operations. A smaller
number, 7 respondents, felt that the bus manufacturers were pro-
viding adequate technical assistance.

Questions relating tc spare buses were also included in this
section of the questiconnaire and the responses are shown in Table
3. The percentages of total bus fleets indicated as spares by
the respondents ranged from 9% to 40%, and the mean value was
apprcximately 20%. Nine of the respondents felt that a certain
percentage of the fleet shculd be spares and their figures ranged
from 15% to 40%, with a mean of approximately 25%. The other &4
properties related the number of spares to the size of the opera-
tion, type of operation, maintenance capability, etc., and not to
some percentage of the flse%t alcne.

In responding to the last question in this area, which con-
cerned the procurement of tires for the transit vehicles, 7 of
the operations said that they leased the tires and the cthers
said they purchased them.

Cooperative Effort

The questions under this heading contain the term "statewide

ccoperative”. The definition of this term, in the questicnnaire,

is open-ended, the intent being to gain information concerning
the concept of these cocperative approaches, not any particular
program. The responses to the group of questions are presented
in Table 10.

=
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Table 8

Questionnaire Results — Bus Purchases

Yes No
No. of % No. of %
Responses Total Responses Total
Purchase new buses within
3 years 10 77 3 23
Bus Purchases Number of Number of Subtotal of
Buses Properties Purchases
0 3 0
1 1 1
3 1 3
4 2 8
5 2 10
8 1 8
11 1 11
30 1 30
47 1 47
Total Number of Buses to be Purchased 118
Yes No
No. of 4 No. of %
Responses Total Responses Total
Available buses are
compatible with existing
maintenance operation 11 85 2 15

Bus manufacturers are
providing adequate
technical assistance 7 58 5 42
(One respondent would not
comment on this question)
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Table 9
Questionnaire Results — Spare Buses

% Ne. of
Fleet Properties

Percentage of fleet that are spares 9
10
11
14
15
20
22
30
31
33
35
40

N N e = S S S T S e

Percentage of fleet that should be spares 15
20
30
33
35
40

N e R

NOTE: 4 respondents felt this figure should float depending on the local
circumstances.

Purchase Lease

No. of % No. of 7%
Responses Total Responses Total

Procurement of transit bus tires 6 46 7 54



Table 10

Questionnaire Results — Cooperative Efforts

Yes No
No. of % No. of %
Responses Total Responses Total
Cooperative purchase of
parts and supplies 6 46 7 54
Cooperative rebuilding of
components and subassemblies 7 54 6 46
Cooperative purchase of
transit buses 8 62 5 38

The cooperative purchase of parts and supplies used for bus
maintenance was felt to be a possible asset by 6 of the properties,
and the cooperative rebuilding of components and subassemblies was
seen as an asset by 7. The largest pcsitive response was registered
for the idea of cooperative bus purchase, with 8 properties feeling
this would be an asset.

SITE VISITS

The site visits were made after the questionnaires had been
returned so that survey responses could be discussed and clarified
if necessary during the visits. Information was obtained on mainte-
nance facilities, equipment, practices and contracted functions,
personnel, organization, information systems, and planning.

The observations and the information obtained during the site
visits are presented in two parts corresponding to the basic ve-
icle maintenance approaches of municipal fleet and transit only,
which were discussed in the BACKGROUND section of this report.

Municipal Fleet

The operating systems in this group range in size from 3 to
11 buses,as seen in Table 1l. As indicated, the systems in Bristol
and Staunton did not precisely fit into this category. The Staunton
system was a transit and school bus maintenance operation but was in
the process of becoming part of a municipal fleet. The system in
Bristol is also a combined school bus and transit bus maintenance
operation and has a larger number of school buses than transit buses.
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Table 11

Municipal Fleet Systems

System Number of Buses
Danville Transit 10
Bristol Transit* 9
Staunton Transit* 8
Winchester Transit 11
James City County Transit 5
Harrisonburg Transit 3

*These two properties do not entirely merit the definition
of municipal fleet systems.

In addition, the transit cperation of both of these systems was
small, less than 10 buses, and this fact made them operationally
more similar to the municipal fleet system than the transit only.

Maintenance Facilities

The general condition of the maintenance facilities of this
group was good. Obviously, some were better organized and cleaner
than others, but all appeared to be reasonably well maintained.
However, there were several items that warrant comment.

It was found that the maintenance facility in several of
these operations was undersized for the type of vehicles being
used or expected to be used in the near future. This observation
is based on information contained in Thurlow et al.(28)

The service and maintenance of transit buses is a much more
time-consuming and physically difficult task when the maintenance
facility is inadequate, especially when vehicle lifts and/or floor
pits of suitable size are not provided. None of the systems had
an inspection pit adequate for transit bus work and only Bristol,
Staunton, and James City County had adequate lifts. Ncone had
drive-through bays, autcmatic wash equipment, or automatic vacuum
equipment, although Danville was purchasing the wash equipment.



Maintenance Equipment

The amount and type of maintenance equipment needed by an
operating system are a function of the areas of maintenance en-
gaged in and the level of intensiveness. The maintenance equip-
ment available at these systems ran the range from obsolete to
new, with the majority falling in the category of used but in good
conditicn. Decisions concerning purchases of capital equipment
for maintenance are a local responsibility and must be determined
using site-specific information. There are, however, minimal re-
quirements for operating with any degree of effectiveness. The
types of equipment required are indicated in Table 12. Most of
the municipal fleet systems had this minimum as well as additicnal
equipment necessary for their operation.

Table 12

Minimum Maintenance Equipment for Municipal Fleet

Portable jacks Steam cleaner

Hydraulic Jacks Capacity to clean parts

Work benches and vises Wheel dolly

Arbor press Tire inflation gage or guard
Drill press Torque wrenches

Air compressor Multimeter for electric testing
Electric & gas welding equipment Chain hoist

Maintenance Practices

It was mentioned that the levels of maintenance engaged in
vary among systems. That is the case with this group as can be
noted in Table 13. All of the fleets engaged in the first five
practices, except that Bristol and Harrisonburg did not do
scheduled inspections. While all but these two made regularly
scheduled preventive maintenance inspections, the contents and
procedures of the inspections differed.

Danville, Staunton, and Winchester used the same inspection
procedure for all types c¢f vehicles, while James City County used
a separate inspection procedure for transit vehicles. The elements
of the inspections being performed are presented in Table 14, which
includes the types of transit vehicles. This table clearly illus-
trates that different types of vehicles have different needs as far
as preventive maintenance schedules are concerned. Ccples of the
inspection forms used by these systems are included in Appendix C.

23



Table 13

Maintenance Practices of Municipal Fleets

Practice Danv. Bris. Stau. Winc. Jacc. Harr.

Scheduled inspections X X X X
Minor repairs X X X X X X
Replacement of parts X X X X X X
Replacement of major

components X X X X X X
Repair of major

components X X X X X X
Rebuild of major

components for stock X
Replacement of

subassemblies 3 X X X
Repair of subassemblies X X X X X X
Rebuild of subassemblies

for stock
Body and chassis

structural work X X X

The major components of a typical transit bus and the prop-
erties making repairs of these components are presented in Table 15.

Variations among the fleets were attributable to the skill
level of the mechanics, type of maintenance equipment available,
time required to make the repair, and local operating philosophy.
Costs should be included in this list and would be if reliable data
for determining costs had been available. Nevertheless, cost 1is
considered in many decisions, mcst of which are arrived at sub-
jectively on the basis of experience.

Note that James City County 1s not included in Tables 15 or 16.
Until very recently, it had contracted out all of its maintenance
and repair work but with the completion of a new municipal fleet
facility, it was beginning to perform its own maintenance.

Another important aspect of vehicle maintenance practice is
the rebuilding of major components and subassemblies. This activity
is the one least often done in-house. Work contracted out can be
of the repair variety, but the largest portion is component or sub-
assembly rebuilding. Information concerning contracted work is
presented in Table 18.



Preventive Maintenance Items and Mileage Schedules

(I) Inspect
(R) Replace

Chassis Lube

(R) Eng. 0il

(R) 0il Filct.
(1) 0il Press.
(I) Air Filt.
(R) Air Filct.
(R) Fuel Filt.
(I) Belts, Hoses
(I) Exh. Sys.
(1) Coolant

(1) Trans. 0il
(R) Trans. 0il
(R) Trans. Filt.
(I) Drive Line
(1) Diff. 0il
(R) Diff. 0il
(1) Adj. Brks.
(I) Brk. Lining
(I) Emg. Brk.
(I) Air Sys.

(I) Air Comp.
(I) Tanks, Lines
(I) Starter

(I) Alt. Output
(I) Batteries
(1) Lights

(I) Gages, Instrs.

(1) Steering
(I) Suspension
(I) Whl. Brgs.
(I) Tires

(1) Body

(I) Wpr., Wash.
(I) Ht., Def.
(I) Air Cond.
(1) Door Opr.
(1) Windows
(I) Seats

(I) Horn

(I) Mirrors

Table 14

for Municipal Fleets

Danville Staunton
GMC GMC
T6H 4523A TDH 3302A

TDH 4517
TDH 3714
3,000 1,500
3,000 3,000
3,000 3,000
1,500
3,000 3,000
3,000 1,500
3,000
3,000 1,500
3,000 1,500
10,000
10,000
3,000 1,500
3,000 1,500
3,000 1,500
3,000 1,500
3,000 1,500
3,000 1,500
3,000 1,500
3,000 1,500
3,000
3,000 1,500
3,000 1,500
3,000 1,500
3,000 1,500
3,000 1,500
3,000 1,500
3,000
3,000 1,500
3,000 1,500
3,000 1,500
3,000 1,500
3,000
3,000 1,500
3,000 1,500
3,000 1,500
3,000 1,500
3,000 1,500

25

James City Cty.

Mercedes Benz
309D

15,000
5,000
5,000

5,000
15,000
15,000

5,000

5,000

5,000

5,000
20,000
20,000
10,000

5,000
30,000

15,000

5,000
5,000
5,000
5,000
5,000
10,000
5,000
5,000

N/A
5,000

5,000

" Winchester
School Bus
Gasoline Type

2,000
2,000
2,000

2,000

2,000
2,000
2,000
2,000

N/A

2,000

5,000
2,000
N/A
N/A
N/A
2,000

2,000
2,000
2,000
2,000
2,000
2,000
2,000

2,000
2,000
N/A

2,000



Table 15

In-House Repair of Major Components
by Municipal Fleets

Danv. Bris. Staun. Winc. Harr.
Air System
Compressor X
Valves X
Electrical Equipment
Alternator/generator X X X X X
Starting motor X X X X X
Radio X N/A N/A
Engine
Head, block, and
crankshaft machining
Valve and seat machining
Valve seat and guide
replacement
Cooling system X X X X X
Blower X N/A N/A N/A N/A
Fuel injectors N/A N/A
Automatic Transmission
Major repairs X X
Assembly for rebuild X X
Heating and Air Conditioning
Compressor N/A N/A N/A
Controls X X X X X
Blower motors X X X X X
Marine pumps X X X N/A N/A
Plumbing X X X X X
Brakes
Drums X X
Lining X X X X X



Table 16

Work (Rebuild) Contracted Out by Municipal Fleets

Danv. Bris. Staun. Winc. Harr.
Air System
Compressor X X X N/A
Valves X X X N/A
Electrical equipment
Alternator/generator X X X X
Starting motor X X X X
Radio N/A X N/A X
Engine
Head, block, and
crankshaft machining X X X X X
Valve and seat machining X X X X X
Valve seat and guide replacement X X X X X
Water pump X X X X X
Blower X N/A N/A N/A N/A
Fuel injectors X X X N/A N/A
Assembly for rebuild X X X
Automatic Transmission
Major repairs X N/A X
Assembly for rebuild X N/A X
Heating and Air Conditioning
Compressor X N/A X N/A N/A
Controls X X X X X
Blower motor X X X X
Marine pump X X N/A N/A

As expected, the rebuilding tasks that require a maximum
amount of skill and investment in capital equipment are those
most frequently contracted out. These include engine machining
of all types, complete engine rebuilding, fuel injector rebuilding,
alternator and starting motor rebuilding, and automatic transmission
repairs and rebuilding.

Information on the final maintenance practice, vehicle serv-
icing, is presented in Table 17. These actions are performed by all
the systems in this group and the individual service items are per-
formed in basically the same manner but with differing frequencies.

SO0



Table 17

Vehicle Servicing by Municipal Fleets

D - Daily

BW - Biweekly

W - Weekly

AN -~ As Needed

Danv. Bris. Staun. Winc. Jacc. Harr,

Fueled D D BW D D D
Fluid check D D BW D D D
Visual check D D D D D D
Exterior washed W W AN W AN D
Interior swept W D D D D D

Maintenance Personnel

With the exception of Bristol and Staunton, neither of which
are true municipal fleets, none of the fleets have maintenance per-
sonnel dedicated to the maintenance of transit vehicles. It was
observed that several of the systems in this group even rely on
the vehicle driver to clean the intericr of the bus and provide
the usual daily services.

For the most part, the personnel engaged in maintaining transit
buses were not transit bus mechanics. Very few had had experience
in transit bus maintenance before being employed or had received
training in such maintenance following their employment. The present
generation of transit buses cost, on average, approximately $140G,000,
and are equipped with several complex subsystems. Maintaining them
requires a thorough understanding of the subsystems and a high level
of technical ability, both of which are best obtained through some
form of organized training or apprentice programs, not through a
trial and error learning approach using expensive operating equip-
ment as the practice medium,

During each of the site visits, the maintenance personnel ex-
pressed a need for training. In spite of this unanimous expression
of need, none of the systems had an organized training program. All
of the systems did, however, encourage their maintenance employees
to seek out and obtain training on their own time. As zan incentive,
the cost of tuition, textbocks, and necessary materials for this
usually was paid for by the system when the employee successfully
completed the course. This approach, although better than none,
shifts the responsibility to the individual employee and away from
management. In addition, the oppcrtunity to get this type cf train=-
ing is very limited throughout most of the state.
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It was observed that most of the maintenance employees
seemed to be reasonably pleased with their jobs. In general,
relatively little labor turnover was found, probably more be-
cause of the fringe benefits and employment security than the
basic wage rate. In fact, for this group of operating proper-
ties the hourly wage ranged from $3.25 for helpers to $7.50
for skilled mechanics. These rates are controlled by each
municipality as part of the total municipal salary scale and
are based on experience, training, and local conditions, and
are usually somewhat lower than those paid in the private sector.

Maintenance Organization

There is no organization of persconnel by function in the
six properties in this group, and each mechanic is assigned tasks
depending on what function needs to be done at a given time. Al-
though there is no organization by function, there is a priority
ranking for undertaking the various maintenance operations, as
shown in Table 18. Road calls, and their resultant emergency re-
pairs, along with essential running repairs are given top priority.
The number of road callsand running repalrs made by several of the
systems were high and could be directly attributed to vehicle age,
vehicle type, and deferred preventive maintenance. These activities
limit the amount of preventive maintenance that can be accomplished,
and as a result large amounts of breakdown maintenance must be done
to meet scheduled runs. Breakdown maintenance of this type is far
more costly than scheduled preventive maintenance and further
erodes the effectiveness and efficiency of the maintenance opera-
tion.

An even further deterioration of transit vehicle maintenance
results from setting maintenance priorities on the basis of vehicle
type. A typical priority list for maintaining municipal equipment
might be similar to that in Table 19. Obviously, transit vehicles
should not receive maintenance priority in the case of an emergency
or when dealing with emergency equipment that is in very short
supply; however, it is necessary tc keep in mind that there is a
substantial investment in transit vehicles that must be protected
at an appropriate level.

Table 18

Priority of Maintenance Functions in Municipal Fleets

Function Priority
Road calls 1
Running repairs 1
Preventive maintenance 2
Rebuild 3
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Table 18

Maintenance Priority by Vehicle Type in Municipal Fleets

Vehicle Type Priority

Emergency (ambulance, rescue vehicle, etc.)
Police vehicles

Fire equipment

Refuse equipment

Public works equipment

Transit buses

[ NV RN S R USRS N

Vehicle Maintenance Management.Information System (VMMIS)

The purpose of the VMMIS is to strengthen and assure the
maintenance administration function by providing a management aid
that will adequately support maintenance planning and operational
requirements. In general, a VMMIS is compcsed of three parts:
data collection (maintenance forms), data manipulation and analy-
sls, and useful output of an operational and reporting nature.
While it is possible to operate a VMMIS as a manual system without
a computer, it is very labor intensive to do so.

None of the systems in the municipal fleet group operated a
VMMIS. It is true that several did have cost informaticn and in-
ventory control functions, some of which were computerized, but
none were attempting to consolidate and analyze data on the oper-
ational aspects of vehicle maintenance for the purpose of improving
maintenance productivity,

The foundation of any VMMIS is the various data collection
forms. The properties in this group use a variety of these as
indicated in Table 20, which lists only the written forms completed
cr controlled by the maintenance operation. Therefore, it is possi-
ble for a certain type of information to be collected or to be ac-
cessible elsewhere in the overall transit organization and not be
immediately available to the maintenance people. Copies of the
various forms used by the municipal fleet systems are given in
Appendix D.

The data necessary to implement a VMMIS, such as the types in
Table 21, are often available within the transit system organiza-
tion or could be collected with relatively little effort. The data
that were collected were almos®t never being analyzed except for use
in cost accounting and inventory control. This information usually
Wwas not being returned to the maintenance administration level in
any form useable for planning the preventive or pericdic approach
that should be taken. Unfortunately, several kinds of data that
are very important to maintenance management such as those on road-
call failures, buses out of service, detailed lakbor time, etc.,
were not being collected by a2 majority of the systems.
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Table 20

Maintenance Informaticn Forms in Use by Municipal Fleets

Danv. Bris. Staun, Winc. Jacc. Harr.

Operator defect or

inspection sheet X X X X X
Daily fuel, oil, and

fluid use record X X
Preventive maintenance '

inspection sheet X X X X
Road:call record . X
Repair order X X X X

Table 21

Maintenance Data Recorded by Municipal Fleets

Dan. Bris. Staun., Winc. Jacc. Harr.

Labor X X X X X
Parts X X X X X X
Type of repair X X X X X X
Mileage X X X X X X
0il use X X X X X
Fuel use X X X X X
Road calls X
Missed runs due to

maintenance
Late runs due to

maintenance
Component failures
Subassembly failures
Buses down for

maintenance
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It was also observed that even when data were available
there was no attempt to generate performance indicators or meas-
ures for internal or external comparison as a means of mainte-
nance accountability. This lack of performance measures was
also linked to the general absence of any stated or written goals
and objectives for the maintenance operations in all of the
municipal fleet systems.

Maintenance Planning

A program of planned transit vehicle maintenance is based on
fixed schedules for maintenance practice on a reoccurring cycle.
"In the broadest interpretation, its goal is to minimize total
cost, including those for mainterance labor, parts, rcad calls,
spare vehicles, loss of service, and management information re-
quirements,"(23) »

The municipal fleets did not make much use of maintenance
planning to formulate the best preventive and periodic maintenance
schedules based on local conditions. It was observed that the
common method of planning the schedule and level of maintenance
was to rely on the manufacturer's recommendation and operating
experience., Another approach was *to continue the maintenance
program used by the preceding private transit operator.

The bases used in maintenance planning noted during the case
studies are presented in Table 22, where it is readily seen that
the level of maintenance planning is not impressive. There are
three major causes for this lack of planning activity: the size
of the operations, a sense of immediacy about the maintenance that
is performed that overshadows any thoughts or attempts at planning,
and the lack of data in usable form or a system approach to use
the data that are available. The effect of each of these 1is
heightened by the absence of any goals and objectives for the
maintenance operations.

Table 22

Bases of Maintenance Planning Activity for Municipal Fleets

Danv. Bris. Staun. Winc. Jacc. Harr.
Goals and objectives
Manufacturers' recommendations X X X X
Operating experience X

Data collection

Accessible data

Data analysis

Vehicle profiles

Component failure trends

Subassembly failure trends

Performance indicators and
measures
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Summary

The general findings from the visits to the municipal fleet
systems are reflected in the list below. Not all of these char-
acteristics are applicable to each of the municipal fleet opera-
tions; however, all are negative factors that diminish maintenance
productivity.

l.
2.
3.

10.

The facility is undersized.
The facility is improperly equipped.

The maintenance operation is incorrectly
staffed.

The maintenance employees are in need of
initial or additional training.

Equipment maintenance priority practices
do not favor transit vehicles.

Breakdown maintenance receives priority
over preventive maintenance.

There 1is a lack of goals and objectives in
the maintenance areas.

There 1s a lack of locally developed and
implemented performance indicators for
maintenance.

There is not sufficient data collection and
analysis to meonitor performance and increase
productivity.

There is a lack of maintenance planning.

Transit Only

The transit companies included in the transit only group
are shown in Table 23. These systems ranged in size from 11 to
212 buses, all operating fixed route and schedule service.

Table 23

Transit Only Systems

Systems No. of Buses
Richmond Transit 212
Tidewater Regional Transit 187
Peninsula Transit 118
Roanoke Transit 41
Lynchburg Transit 27
Charlottesville Transit 26
Petersburg Area Transit 11
33
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Maintenance Facilities

Overall, the maintenance facilities of these properties had
more floor space for bus maintenance and were better equipped
than those in the municipal fleet group. The facilities were
well-maintained, uncluttered, and as clean as can be expected,
with the exception of Charlottesville. The size of the work area
was adequate in all but the Charlottesville and Petersburg facil-
ities, which were undersized for even the lowest levels of mainte-
nance. As indicated in Table 24, the facilities in all of the
systems were reasonably adequate except those in Charlottesville
and Petersburg, neither of which had an adequate 1ift nor automatic
washing and cleaning equipment. Charlottesville had no inspection
pit of any kind, and Petersburg had no drive-through bay.

Table 2u
Maintenance Facilities of Transit Only Systems

Rich., Tide. Pent., Roan. Lync. Char. Pete.

Drive Thru Bays X X X X
Automatic Wash Equipment X X X X X

Automatic Clean Equipment X X X X

Vehicle Lifts* X X X X X

Inspection Pits* X X X X X X

*Adequate capacity for tramnsit vehicles now in use or expected to be
used in the near future.

Maintenance Equipment

The systems in this group generally were better equipped than
the municipal fleets. The types of equipment that are considered
essential for properly maintaining transit buses at this level are

presented in Table 25. Here again, as in the case of the municipal
fleet, the kinds and amounts of equipment depend on the levels of
maintenance performed. Petersburg and Charlottesville had much

less equipment than the other systems, because of the types of
maintenance they engaged in.

The general condition of the maintenance sguipment was good.
It was well maintained and replaced when necessary. As was the
case with the municipal fleets, old equipment, when serviceable,
was being used.



Table 25

Transit Only
Required Maintenance Equipment

General :

Air Compressor

Chemical Cleaning Tanks

Parts Wash Vat

Jib Crane

Fork Lift Truck

0il Pumps, meters and hose

Grease pump

Pneumatic wrenches, 1" and
1/2" drive, and socket sets

Work benches

Impact chisel and punch

Torque wrenches

Assorted vises

Transmission and engine stands
with adapters

Transmission and engine dollie

Steam cleaner

Fire extinguishers

Battery charger and tester
stand

Assorted drills

Overhead dispensing units

Service vehicles

Machine Shop Tools:

Drill press

Metal lathe

Heavy duty press
Valve facer

Valve seater

Valve grinder
Valve seat grinder
Band saw

Jacks :

Portable
Hydraulic, manual
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Chain Hoists :

Manual
Power
Movable

Wheel, Tire and Brake Work:

Wheel dollie

Inflation cage

Brake lathe and grinder
Tire groover

Body Shop:

Grinder and buffer

Electric welder

Acetylene welder

Rivet gun (air)

Paint gun, regulators, filters
and hose

Access to air compressor

Disc sander

Sheet metal shear

Sheet metal break

Test Equipment :

Injector tester

Volt meter/multimeter
Micrometer set

Air conditioning test equipment
Compression guage

Brake decelerometer

Headlight tester

Antifreeze tester

N
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Maintenance Practices

The maintenance practices used by this group of properties
are shown in Table 26. The first five practices were being used
by all the systems and the last 5 by all except Charlottesville
and Petersburg, which did not rebuild components and subassemblies
for stock nor do body and chassis structural repairs. This in-
formation is supportive of the statement made in the previous
section concerning the amount of maintenance equipment these two
systems had.

All of the systems used scheduled inspections, but the sched-
uling and content of the inspectiocns were by no means uniform., Ele-
ments of these inspections for each system are presented in Table
27, which includes the types of vehicle for which the inspections
are designed. This information was taken from the inspection forms
used by the systems. It is interesting to note that the inspection
forms used at Richmond, Tidewater and Pentran, Figures 1 through 3,
are very similar in content and structure. In fact, the basic
form used by Tidewater and Pentran, Figures 2 and 3, is identical,
and the practice of each property was to add other items at the
appropriate schedule intervals. There 1s also a great similarity
in the forms used at Rocanoke and Lynchburg, Figures 4 and 5, with
two of the inspection schedules used by each system being identical
in most respects, with the exception of the mileage intervals at
which the inspections were being performed. These forms were not
changed every time an inspection or action was altered and it was
observed that other inspections and activities were being performed
on a regular basis but not included on the form. Although this
practice was noted, the extent to which it was being used is un-
known. A copy of the inspection form used by each property is
included in Appendix E.

The maintenance activities undertaken by these systems were
similar in most areas, with the major variations occurring in the
mileage intervals. Charlottesville had the largest variliance of
the mileage schedule, because it used a single maintenance inspec-
tion schedule for four different types of vehicles.

The practice of periodic maintenance was described previously
as the scheduled change out of parts and major components not in-
cluding items generally assoclated with preventive maintenance such
as various fluids and filters. None of the municipal fleets used
periodic maintenance and only two of the transit only systems were
using it on a major scale. The items included in the periodic
maintenance schedule at Richmond and Pentran are presented in Table
28, It is readily seen that the items listed are similar for both
systems and that Richmond had the larger program in regard tc the
number of components changed out.
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Table 26

Transit Only Maintenance Practices

Practice Rich. Tide. Pent. Roan. Lync. Char. Pete.
Scheduled inspections X X X X X X X
Minor repairs X X X X
Replacement of parts X X X X X X X
Replacement of major

components X X X X X X X
Repair of major

components X X X X X X X
Rebuild of major

components for stock X X X X X
Replacement of

s;ubassemblies X X X X X X X
Repair of subassemblies X X X
Rebuild of subassemblies

for stock X X X X X
Body and chassis

structural work X X X X X

The repair of major components is another essential practice
for the effective maintenance of transit vehicles. The extent to
which this practice was being used varies among the properties in
the transit only group. The usual components found on a transit
bus, along with a review of the repair activities undertaken at
each of these systems, are presented in Table 23. When this table
is compared with Table 15, it is evident that the areas of repair,
such as engine and automatic transmission for example, are much
broader in the transit only systems. As was observed for the
municipal fleets, the level of repair activity undertaken in the
transit only systemswas also a function of available equipment
and trained manpower with a subjective cost variable factored
into the equation,
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Table 27

Preventive Maintenance Items and Mileage Schedules
Used by Transit Only Systems

(I) Inspect
(R) Replace
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Rich. Tide. Pent. Roan. Lync. Char. Pete,.
FLX FLX FLX FLX FLX GMC GMC RT
GMC GMC GMC FLX 870 GMC M.B.
FLX 870 GMC B.B.
GMC RTS Wayne
Chassis Lube 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(R) Eng. 0il 12,000 6,000 6,000 9,000 12,000 4,000 9,00
(R) 0il Filt. 12,000 6,000 6,000 9,000 12,000 4,000 9,00
(I) 04il Press. 6,000 6,000 6,000
(I) Air Filt. 6,000 6,000 6,000 18,000 12,000 4,000 4,50
(R) Air Filt. 48,000 48,000 27,000 36,000 4,000 6 mo
(R) Fuel Filt. 24,000 24,000 24,000 18,000 12,000 4,000 24,00
(I) Belts, Hoses 6,000 6,000 6,000 9,000 6,000 2,000 4,50
(I) Exh. Sys. 24,000 9,000 6,000 2,000
(I) Coolant 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(I) Trans. 0il 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(R) Trams. 0il 24,000 36,000 48,000 27,000 36,000 8,000 25,00
(R) Trans. Filt. 12,000 36,000 24,000 18,000 12,000 8,000 25,00
(I) Drive Line 9,000 6,000 4,50
(I) Diff. 0il 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(R) Diff. 0il 60,000 48,000 60,000 27,000 36,000 8,000 50,00
(1) Adj. Brks. 2/vik. 6,000 2 wks. weekly M,W,F 2,000 4,50
(I) Brk. Lining 6,000 6,000 6,000 9,000 6,000 4,50
(I) Emg. Brk. 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(I) Air Sys. 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(I) Air Comp. 6,000 6,000 6,000 27,000 36,000 4,50
(I) Tanks, Lines 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(I) Starter 6,000 6,000 6,000 27,000 36,000
(I) Alt. Output 6,000 6,000 6,000 27,000 36,000 4,50
(I) Batteries 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(I) Lights 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(1) Gages, Instrs. 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(I) Steering 6,000 6,000 6,000 9,000 6,000 2,000 4,50
(1) Suspension 6,000 6,000 6,000 9,000 6,000 2,000 4,50
(I) Whl. Brgs. 27,000 3,600 2,000
“(I) Tires 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(1) Body 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(I) Wpr., Wash. 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(I) Ht., Def. 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(I) Air Cond. 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(1) Door Opr. 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(I) Wwindows 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(1) Seats 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(I) Hom 6,000 6,000 6,C00 3,000 6,000 2,000 4,50
(I) Mirrors 6,000 6,000 6,000 3,000 6,000 2,000 4,50
(R) Water Filt. 12,000 12,000 12,000 27,000 36,000 6 mo
Stm. Cln. Eng. 6,000 6,000 6,000 3,000 6,000 4,000
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FLX 18,000 MLLE INSPECTION

MECHANIC

L. Chanee trans, filters

(9]

honue Tuel Yilters

Checl _and clean air filcer

v

. Check door controls and lubricace linkage

‘
|
l
I

27,500 MILZ LNSDECTION

. Chees scarter. cegulaCtor and ieneritoc

2. Check wheel bearing adiustments,

2. Sheck air Compressor Qutoub

R P S P

4. _Check ctoe in arnd {ront wheel “alance
|
b Chcok vovernor R.PLM,

2. Change differential oil

7. Chonge air ciecaner and perrv waCer {iiter

3.  Change zrans, fluyid

LUBRICATE WHEEL STULS AND INSPESCT TREALS AT ZACH WHEEL CHANGE
REQACK WHEEL LEARLINGS AT SaCH 3RAKES RELINE

SET TOE LN AND 3ALANCE FRONT WEHEZLS WHEN TRONT TIRES ARE CHANGED.

Figure 4. Roanoke preventive maintenance inspection
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FLXIBLE AND GMC 4523A 12,000 MILE INSPECTION

MECIANIC

L. Change transmission filters

2. Change fuel filters

3. Change engine oil by-pass filter

4. (heck and clean air filter

wn

Check door controls and lubricate linkage

FLXISLE aD GMC 4523A 34,000 MOE DINSPECTICN

1. Check starter, requlator and generator

2. Check wheel bearing adijustments

-

3. Check air compressor cutput

i. Check toe-in and front wheel balance

3. Check govermor R. P. M.

6. Change differential oil

7. Change air cleaner and perrv water filter

.

8. Change tranamission fluid

LUBRICATE WHEEL STUDS AND LiSPECT TREACS AT EACH WHEEL CIANGE.
REPACK WHEEL BEARDMNGS AT EACH BRAKE RELTNE.
SET TOE-IN AND BALARXE PRONT WHEELS WHEN FRONT TIRES ARE CHANGZD.

Figure 5. Lynchburg preventive maintenance inspection form.
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Table 28

Periodic Maintenance for Transit Only Systems
(Mileage Basis)

Richmond Pentran
Air compressor 150,000 150,000
Air governor 60,000 60,000
Engine blower 150,000 150,000
Engine water pump 72,000 78,000
Engine alternator 150,000
Voltage regulator 102,000
Engine starter 72,000 72,000
Radiator 10¢,000
Fuel injectors 150,000 150,000
Fuel pump ~ 60,000 60,000
Brake foot wvalve 9¢,000 100,000
Brake relay valve 48,000 100,000
Differential 150,000
Steering 100,000

It was noted previcusly that the rebuilding of components and
subassemblies was a practice engaged in by few of the municipal
fleet systems, and that their approach to this need is usually to
purchase these components already rebuilt or have them rebuilt by
a contractor. In the transit only system the approach is just the
opposite. Much less of the rebuilding work is contracted out, as
can be seen in Table 30. The two exceptions to this were Peters-
burg and Charlottesville, both of which contracted out a majority
of their rebuild work. Component machining for heavy engine re-
build such as align boring, crankshaft grinding, and cylinder head
resurfacing, and the rebuilding of diesel fuel injectors wers con-
tracted out by all of the properties.

The final area of maintenance activity to be discussed for
the transit only properties is vehicle servicing. The basic tasks
performed during vehicle servicing are listed in Table 31. Unlike
the systems in the municipal flzet group, all of these properties,
except Petersburg, perform these tasks daily; Petersburg washes
the vehicles once a week.

by



Table 29
In-House Repair of Major Components by Transit Only Systems

Rich. Tide. Pent. Roan. Lync. Char. Pete,

Air System
Compressor X X X X X X X
Valves

Electrical Equipment

Alternator/generator X X X X X X X
Starting motor X X X X X X X
Radio X X
Engine
Head, block, and
crankshaft machining
Valve and seat machining X X X X X
Valve seat and guide
replacement X X X X X
Cooling system X X X X X X X
Blower X X X X X X X
Fuel injectors
Automatic Transmission
Major repairs X X X X X
Assembly for rebuild X X X X X
Heating and Air Conditioning
Compressor X X X X X
Controls X X X X X X X
Blower motors X X X X X X X
Marine pumps X X X X X X X
Plumbing X X X X X X X
Brakes ' -
Drums X X X X X X
Lining X X X X X X X
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Work (Rebuild)

Table 30

Contracted by Transit Only Systems

Rich. Tide. Pent. Roan. Lync. Char., Pete.
Air System
Compressor X X X X
Valves X X X X
Electrical Equipment
Alternator generator X X X
Starting motor
Radio X X X X X
Engine
Head, block, and
crankshaft machining X X X X X X
Valve and seat machining X X
Valve seat and guide
replacement X X
Water pump
Blower X X
Fuel injectors X X X X X X
Assembly for rebuild X
Automatic transmission
Major repairs X X
Assembly for rebuild X X
Heating and Air Conditioning
Compressor X X
Controls
Blower motor X X
Marine pump X X
Table 31
Vehicle Servicing by Transit Only Systems
D - Daily
W - Weekly
Task Rich. Tide. Pent. Roan. Lync. Char, Pete.
Fueled D D D D D D
Fluid check D D D D D D D
Visual check D D D D D D D
Exterior wash D D D D D D W
Interior sweep D D D D D D D



Maintenance Personnel

The maintenance personnel at the transit only systems are
classified under many headings. The main classifications include
bus cleaners, service personnel, mechanic's helpers, apprentice
mechanics, and mechanics in different classes or grades.

Most of the mechanic's helpers, apprentices, and mechanics
had been promoted from within. This system ensures that personnel
will have some familiarity with the construction and operation of
a transit bus. Here again, as was the case for the municipal
fleet systems, the majority of maintenance personnel had had no
previous formal training, and had received none after they were
employed. While it is true that there were propertilies that used
the job classification of apprentice, there were no formal, organ-
ized apprentice programs and only one organized training program
among the systems in the transit only group. The need for formal
maintenance training was unanimously expressed by the maintenance
management personnel in this group, but there was little formal
action. Outside training was being encouraged and supported but
was not very popular with the line employees and was available in
only the heavily industrialized geographic areas. The one property
that was using & formal training approach was Richmond. The attitude
and direction taken by the maintenance personnel at Richmond 1is
apparent when you review the content of the introductory page of
the informational training guide being used there and reproduced
here in Figure 6.

The turnover of maintenance personnel was relatively low in
these systems. This may be explained by the wage rates in the
larger population areas such as Richmond, but is more probably
explained by the better than average benefits and perceived job
security associated with public employment. The overall wage
rates at the transit only systems were higher than those found
in the municipal fleets and ranged from $3.75 for cleaners to
$9.37 for top-level mechanics. Five of the transit only systems
used organized labor; only Charlottesville and Petersburg used
nonunion workers. The difference in wage rates did not appear to
be related to the union status of labor but rather to the geo-
graphic location and size of the system.

47



MECTANTCAL DEPARIMENT

INSTRUCTCR'S GUINE

L

The purpose of the Job Training Program is to acguaint
Mechanical persomnel with the corrcct methods and procedures
in the perfommance cf preventive maintenance.

The preventive maintenonce program is the backbone of
all fleet cperations and must be carried out systematically
to insurc a high degree of effezciency. Preventive mainten-
ance actually means a way of eliminaving the causes of break-
downs before they occur. A good preventive maintenance man
is a rezl 'pro" and is continually leoking for "trouble'' that
might occur and to '"mip it in the tud" before it happens.

As in any "iIn house' training program cur goal is o
help the emplcyees obtzin a better working mowledze of the
job perfomnance that is expected. 3By providing the employaee
J P T ? S o Loy
a means by which to irprove his working kmowledge, not only
does the emplcyee gzin perscnal benefits, the company in

Y o 15 Ly
tum receives benefits that are technically measured in the
costs colum.

There is something to be learned daily!!

Wéekly: Wednesday - Thursday - Firday -
’ 8:00 AM. - 11:00 A.M.
S hour course

Training and refresher courses ars for all perscnnel
involved in the Mechanical Maintenance, Repair, and Inspection
of revenuc cquiprment. Sessions mm for approximately three (3)
hours duraticn and will cover a variety of subjects. Sessions
will incorperate films and actual ''touch and feel''.

Notes are to be taken by traineces.

Booklets are to be issued for each training session.

Figure 6. Introduction to Richmond training manual.



Maintenance Organization

These seven properties use three approaches in organizing
maintenance. These approaches can be identified with three sub-
sets of systems for the groups as shown in Table 32. As seen in
this table, Approach 1 was being used in the subset containing
Richmond, Tidewater, and Pentran. In these properties, preventive
maintenance inspections, running repairs, and unit rebuilds were
being carried on by separate groups of maintenance employees. For
example, a mechanic performing a unit rebuild would not install
the unit as a running repair, nor would the inspection mechanic
remove and rebuild a major component. However, it was common to
find these types of mechanics offering advice and assistance to
each other in troubleshooting and diagnosis. In addition, certain
mechanical systems were diagnosed and repaired only by those in-
dividuals highly skilled in particular tasks. This approach may
be taken for electrical components, air conditioning, engine, and
transmission. Usually, mechanics were formally designated for
troubleshooting and repair for only electrical components and air
conditioning. It was observed that the maintenance foreman played
an important role in this regard. The foreman, by virtue of his
knowledge of the level of skill each mechanic had, could informally
organize maintenance functions so that the skill level would match
the needed repairs.

Table 32

Organlzatlon of Maintenance Functions by Transit Only Systems
(Work Assignments by Function)

APPROACH 1 APPROACH 2 APPROACH 3
Rich. Tide. Pent. Roan. Lync. Char. Pete.

Preventive maintenance

inspections X X X
Running repairs X X X
Unit rebuild X X X X X
Mechanics who are

area specialists X X X N/A
Informal organization

by maintenance foreman X X X X X X X N/A
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Approach 2 was being used in the systems in the second sub-
set; namely Roanoke and Lynchburg. In these two systems, only
the unit rebuild function had a designated staff. Preventive
maintenance and running repairs were performed by all the mechan-
ics. In addition, at Roanoke it was observed that the mechanics
were also responsible for the daily cleanup of the buses, as there
were no service personnel to wash and sweep out the buses.

Approach 3 was being used in Petersburg and Charlottesville,
the systems in the third subset. No maintenance personnel were
designated by function in these properties and the work was
assigned as it became necessary.

The systems in the transit only group did not usually pri-
oritize their maintenance activities, with the exception of Char-
lottesville and Petersburg, both of which attended to breakdown
maintenance and running repairs on a priority basis, but did not
assign priorities by kind of vehicle, as only transit vehicles
were being maintained.

Vehicle Maintenance Management Information System (VMMIS)

In the transit only properties VMMIS is given much more atten-
tion than in the municipal fleets. The types of maintenance in-
formation forms used in these systems are presented in Table 33,
Information is collected in a more organized manner and is used
to track the performance of the transit vehicles. Richmond was
the only system using a computerized approachj; however, Pentran
and Tidewater were studying computer applications. The data
collected are presented in Table 34. Although not readily apparent
from this table, the collection and analysis efforts at Charlottes-
ville and Petersburg were much smaller than those at the other
five properties. A sample of the output material produced can be
seen in Figures 7 through 10. This material represents a step
toward commitment to quality control and performance monitoring
that 1s necessary to retain present productivity and initiate future
increases. Copies of the various maintenance forms used by all
these properties are given in Appendix TF.

Even though an attempt was being made to monitor performance,
it was observed that, with the exception of Richmond, none of these
systems had any written goals and objectives pertaining to the
maintenance operations. In addition, Richmond was the only system
with expressed performance levels and indicators, such as 4,500
miles per road call and productive man-hours per 1,000 bus miles,
being used to measure maintenance performance.



Table 33
Maintenance Information Forms for Transit Only Systems

Rich. Tide. Pent. Roan. Lync. Char. Pete.

Operator defect or

inspection sheet X X X X X X X
Daily fuel, oil and

fluid use record X X X X X X X
Preventive maintenance

inspection sheet X X X X X X
Road call record X
Repair order X X X X X X

Table 34

Maintenance Data Recorded byTransit Only Systems

Rich. Tide. Pent. Roan. Lync. Char. Pete.

Labor X X X X X X X
Parts X X X X X X X
Repair X X X X X X X
Mileage X X X X X X X
0il Use X X X X X X X
Fuel Use X X X X X X X
Roadcalls X X X X X X
Missed runs due to

maintenance
Late runs due to

maintenance
Component failures
Subassembly failures X X
Buses down for

maintenance X X X X X X

51



w101 1t Joc J 62 |02 |z

*@jyouroy 10J p1029i1 TIeD peox ATYjuol

- T T HOIW-NON
s1rwvoagvoy vioaw T o
WOINVHOIW-NON §537 -
g Jselvejeclezrefoz et joalsilenfezeain]orl sjofe)o]s|e 2}

el | R

*/ 2an81g

wioL

TUOTTTTTTTTTTT e tjvow ang gYO33Y 3UNTIVE 1IVD OVOH

ANVdAiN0) 1ISNVHL INONVOH H3LVIUD

7T IWVOINVHOIW THIvD OVOY U3d S3TUN

Q31VYY3d0 STUW Tv]01

S04

unyepodsues |

sng Aing

sany

HER ]

rx
>
zx

saxog arey

sjuapoy

1v3

puno4 B

‘Q«Q:_o_.mx:m m____aoz i
C sisseyy
“kpog
Yo
e ]

uoISSIuUSULS |

~ Bupeig |
fong

awbuz

TVIINVHIINW

~eomden3

T T Teisea
T ieisAg Builoon
: T sowerg |
i kS Ty
EX: B

52



sHop

MONTHLY REPORT OF WORK THROUGH SUOP

MONTH OF

19

DATE

19

DESCRIPTION

MONTH

YR

TO DATE

DESCRIPTION

MONTH

TR

TO DATZ

AIR COMDITION

A.C. ALTETRMNATOR URBIVES
A.C. CLUTCH HSG. DIFFERENTIAL
YT MATOD /DT™MD CLUTCH ASSYS.

A.C. COMPRESSOR

ENGINE BLOWERS

A.C. CLUTCH CYL.

FLUID PUMPS

STEERING BOXES

HYD. COVERR

FLULD COCLER.

VALYE 3CDIZS

STARTERS | RADIATORS
RLGULATORS | waT=R Pumps
RALLAST | ruzL prumes

HIRE HAARNESS ; | rrzx ascve,
ALOWER 0TORS | stacx adsustezs
BOOSTER 2UX?S | THERMOSTATS
AIR-ELE. SHITT | | ‘

RELAYS % f} |
. FLASEEDS | | zwervze ova, {
SPEED-0-TTERS | D, o ory. coud.
ATR CYLINDER HZADS |

AIR COMPRESSORS

AN DRIVES

CIL P12PS

BRAKE APP. VALVﬂ

CAM SHAFT BRG.

BRK. RELAY VALVE

BELLOWS ASSY.

5000-MTLE INSP.

GRAD-U-STATS

BRAKES RELIMED

LEVEL VALVE

ACCIDUMTS

MIISTURE ZJE. VAL'E

SUSTS PATINTED

ACCEL. V-

WIPTR MOTORS

DOOR DCTUES

BRAKE CIMMEBERS

MOD. VALVE

REV. 2-1i2-7%6

Figure 8.

Maintenance activity record for Pentran.
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CREATER LYNCHBYRC TRANSIT
Coach Rood Call Summary

Cco.

ROAD CALL CAUSE

TDH 3301
(1969)

Tvpe of Coach

Flxible
(1975)

TE6H4534A
(1976)

Total
For Mo.

Total
Last Yr.

1. Air Equipment- --
2. Belts N -
3. Brakes
4. Body Parts
5. Clutch
6. Cooling v
7. Engine
8. Electrical System
9. Ignition
10. Fuel Svstem
11. Heaters/Defrosters
12, . Misc., Drive Parts
13. Rear Axles
14, Springs/Suspensicn
15. Steering-rront Axle
164, Transmission
17. Tires
18, Out of Fuel
19. Air Conditioning -
TOTAL CALLS CHARCED
TO EQUIPMENT
AVERAGEZ MILZS PER
CALL CHARGED TO .
EQUIPMENT.
20, TFarebox .
21 Accident A R
Unclassified

22

TOTAL CALLS NOT
CHARCED TO EOQUIZ.

AVERAGE MILES PER
CALL NOT CHARGED TO
ZQUIPMENT

TOTAL ALL CALLS

AVERAGE MILES PER

~TOTAL CALLS

TOTAL B3US MILES

Figure 9. Road call summary for Lynchburg.
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GRTC PLEET PERFORMANCE REPORT
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Maintenance Planning

The original basis for all maintenance planning in the
transit only group was the manufacturer's recommendation and
operating experience. In addition, all of the properties used
fuel and oil use as an indication of possible maintenance prob-
lems. As indicated in Table 35, these properties, with the
exception of Petersburg and Charlottesville, had added data
analysis in order to profile the vehicle maintenance history.
Richmond and Pentran had continued further with the use of
periodic maintenance based originally on experience and sub-
jective opinion. Efforts were under way to modify the periodic
maintenance schedule according to data collected on component
failures. Richmond had computerized its operation and Pentran
was considering such an approach.

During the site visits it was observed that the planning
actions being taken did not include the entire mainte-
nance operation in any of these systems. However, Richmond, Tide-
water, and Pentran were moving to total system planning. As 1in
the case of the municipal fleets, the kind of data being collected
from the various maintenance areas and the general lack of computer
analysis were prime causes of the slow implementation of system -
wide maintenance planning. In spite of the fact that maintenance
planning was much further advanced and more progressive in the
transit only group than in the municipal fleetgroup, relatively
unsystematic methods that must rely on subjective judgements and
trial and error were being used to make up for the lack of data
collected previously and the basic conservative nature of transit
management that has existed.

Table 35
Maintenance Planning Activity for Transit Only Systems

Rich. Tide. Pent. Roan. Lync. Char. Pete.

Goals and objectives
Manufacturers' recommendatioms

Operating experience

Lo T T R

Data collection

LT T S
W
o T T B

Accessible data

>

Data analysis X

LT B

[ ]

Vehicle profiles

*

Component failure trends

RO R K KK KW

Subassembly failure trends

Performance indications and
measures X X
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It should be pointed out here that during this discussion
it was quite common for Charlottesville and Petersburg to be
excluded or otherwise set apart from the other transit only
systems. This 1s not an attempt to characterize their mainte-
nance operation as being inferiocr or unproductive. The mainte-
nance operation at both systems was being carried on under ex-
tremely adverse conditions. Petersburg owned no maintenance
facility and rented a small portion of the Tri-Cities maintenance
facility, which consisted of one pit and a storage area. This
situation was soon to be eliminated as a new maintenance facility
was being constructed and equipped. Charlottesville, although
already located in a relatively new maintenance facility, had had
the number of buses double in a year without the attendant nec-
essary ilmprovements to the maintenance operation. Improvements
to the Charlottesville facility and method of operation were being
formulated by the newly appointed maintenance supervisor and
system manager.

Summarz

The general findings and information gathered during site visits
to the transit only systems are the basis for the descriptive list
presented below. Not all of these characteristics are applicable
to each of the transit only operations; however, all are negative
factors that diminish maintenance productivity.

1. The maintenance employees were in need of initial
or additional training.

2. There was a general lack of goals and objectives
in the maintenance area.

3. There was a general lack of locally developed and
implemented performance indicators for mailntenance.

4, There was insufficient data collection and analysis
for monitoring the performance of maintenance and
increasing productivity.

5. There was insufficient maintenance planning.

FACTORS AFFECTING MAINTENANCE PERFORMANCE

The gquestionnaire results, when combined with the observa-
tions and information obtained during the site visits, provided
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a data base that was analyzed to identify and classify factors
which affect the productivity of transit bus maintenance. The
major factors uncovered are presented in Table 36. Table 37
presents a matrix showing the interaction of these factors.

When the matrix is reviewed it is clearly evident that there is

a fair amount of interaction among all factors. However, in this
study, not all the operating properties were affected by each of
these factors as is indicated by the information presented in
Table 38, In addition, these factors affected different systems

to varying degrees. The factors are discussed under the following
subheadings. '

Table 36
Factors Affecting Maintenance

Lack of goals and objectives

Inadequate maintenance personnel assignments
Inability to hire qualified personnel

Need for maintenance personnel training

Low maintenance priority for tramsit vehicles
Inadequate facility capability

High incidence of running repairs

Need for data collection and analysis

Need for maintenance system planning

Need for periodic maintenance programs
Inadequate preventive maintenance programs
Need to educate local political bodies
Present condition of the buses

Use of inadequate buses

Use of obsolete buses

Complex design of the advanced design bus (ADB)
Skill level needed to maintain ADB

Need for tramsit vehicle expertise

Inadequate number of spare buses



Maintenance

GCALS AND OBJECTIVES
PERSONNEL ASSIGNMENTS
QUALIFIED PERSONNEL
PERSONNEL TRAINING
MAINTENANCE PRIORITY
FACILITY CAPABILITY
RUNNING REPAIRS
COLLECT, AN.ALYZE DATA
MATNTENANCE PLANNING

PERICDIC MAINTENANCE

INADEQ. PREVINT. MAINT,

LOCAL POLITICAL BCRIES
CONDITION CF BUSES
INADEQUATE BUSES
OBSOLETE BUSES

DESIGN CF THE ADB
MAINTAIN ADB

VEHEICLZ EXPERTISE

INADEOUATE SPARES

GOALS AND OBJECTIVES

>d

NMENTS

N
'

PERSONNEL ASSTU

o

v

QUALIFIED PERSONNEL

>4
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Factor Interaction
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Goals and Objectives

The lack of goals and objectives specifically pertaining
to vehicle maintenance operations precludes the targeting of
improvements that maintenance operations may strive to attain.

The formulation of goals would provide overall direction
for the maintenance function while the generation of objectives,
using local operating conditions and characteristics as inputs,
would ensure a structured means of addressing the other factors
identified as affecting the performance of maintenance. Included
in this group of objectives should be the development of perform-
ance indicators and measures for evaluating the results of any
actions taken.

The use of performance indicators or measures is most readily
accepted in planning and funding. They can be used to establish
an effective and easily documented approach to obtaining the
funding necessary for a particular level of maintenance activity.
In turn, operating at or above the level of the indicators can be
a convincing argument when asking lccal agencies to award funding
on a priority basis.

The other purpose for using performance indicators 1s to
assist management in planning and internal control. The possible
benefits to maintenance of a group of indicators such as those
in Table 39 is clearly evident. The use of o0il and fuel on a
mileage basis, hours of operation per mechanic, and miles per
road call all provide an indication of the performance of the
maintenance operation.

The development of indicators and measures must be done on
the local level. Vehicle maintenance is extremely site-specific
and varies widely with local operating conditions and character-
istics. While the indicators must be formulated on the local
level, there are some broad criteria, such as those listed in
Table 40{1%) which may be helpful.

It is recognized that many systems may need assistance of
some kind in formulating goals and objectives and then, in turn,
a set of maintenance performance indicators, but this action is
vital to a systematic approach to maintenance. In addition,
properties will most likely use their maintenance staff toc formu-
late the gocals, objectives, and indicators. Where this is done,
the outcome has a high probability for success, because these
individuals operate the system on a day-to-day basis and can
greatly influence the acceptance and proper use of the indicators.

DI T
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Table 39
Common Performance Indicators

Annual miles per bus

Annual hours per bus

Spare bus ratio

Bus miles per quart of oil

Bus miles per gallon of fuel

Bus miles per maintenance caused road call
Maintenance hours per bus

Annual operation hours per maintenance hour

Percentage of fleet available for service

Table 40
Criteria for Selection of Parformance Indicators

1. Related to a stated system objective.
2. Easily understandable and definable.
3. Unbiased and objective.

4, Measurable from available data.

5. Methodologically correct (i.e., property separating input and
output measures).

6. Acceptable to the parties involved.

Source: Reference 1l4.

There are many areas in which objectives can improve transit
vehicle maintenance. An objective that calls for a perfcrmance
indicator of some kind wculd in turn reflect any lack of the data
collection and analysis needed for the use of that indicator. The
implementaticn of an objective that specifies a certain level of
preventive maintenance would highlight an inadequate number of
spare buses on hand to allow the preventive malntenance program
to be implemented fully. The adoption of an objective dealing
with the education of local political bodies may in turn provide
relief from inadequate maintenance personnel assignments. These
are only three out of many possible areas in which objectives
may have a positive affect.



Inadequate Maintenance Personnel Assignments

A transit bus is not simply a large automobile or a truck
in some unusual shape. It is constructed in a unique manner and
for a specific purpose. Consequently, the various subsystems as-
sembled to produce a transit bus are highly technical and complex.
The result is that the complete system — a bus — is technically
complex, and proper maintenance of this system requires consider-
able technical skill. An automobile or truck mechanic, even an
excellent one, is not a transit bus mechanic. It follows, there-
fore, that the maintenance of transit buses should be delegated
to transit bus mechanics. Since it is very difficult to hire ex-
perienced transit bus mechanics, the next best approach is to
designate persons who show an interest in maintaining transit
buses as transit bus mechanics on a permanent basis, and to secure
for these employees as much transit bus maintenance training as
possible before assignment and during their entire tenure. The
practice now used by some systems of assigning transit bus mainte-
nance to any and all of the general shop mechanics should be
avoided.

Qualified Personnel and Training

As mentioned previously, it is difficult if not impossible to
hire a qualified transit bus mechanic. There is not a large pool
of persons who have the needed qualifications. The formal train-~
ing necessary to produce a transit bus mechanic is unavailable
except to employees of relatively large operating systems. Once
a bus mechanic has received the training and experience available
at a large operating system, with its corresponding level of mone-
tary compensation, it is unlikely that he will leave and accept a
position of comparable responsibility for less pay in a small or
medium~sized system. In addition, the national trend toward de-
creased vocational education makes even the prospect of obtaining
suitable raw material for transformaticn into transit bus mechanics
an increasing uncertainty. The direct outcome is then both ob-
vious and the worst one possible. Demand for qualified personnel
is increasing while the supply is decreasing.

It is not usually possible for small and medium-sized systems
to engage in formal training exercises for various reascns, not
the least of which is cost. For this reason, the approach gener-
ally taken is to allow the mechanic to learn on the job. This is
a viable approach if it is under the umbrella of an organized
apprentice program that has qualified master mechanics serving as
tutors. However, the usual procedure is one of trial and error,
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with the cost of the errors being absorbed by the system. This
is a very expensive approach and often prevents a transit bus
mechanic from ever obtaining the diagnostic skills necessary for
precise vehicle repair. One obvious solution is for each system
to engage in routine training and conduct a viable apprentice
program, but the majority of small systems do not have the re-
sources necessary to do so. Another solution would be to develop
one training facility for all the systems. This appears to be a
much more logical approach when considered in terms of cost,
availability of manpower, and duplication of effort. There are
any number of approaches that could be taken, and the following
three are presented as examples.

A state organized and administered training program could be
operated in a central geographic location and cffer short cocurses
covering all aspects of transit bus maintenance. Another approach
would be to have one of the larger properties serve as the training
facility, with the opera*tion being supported by a block grant to
an organization of the transit properties such as the Virginia
Association of Public Transit Cfficials (VAPTO), which would be
responsible for the direction and administration of the programs.
A third scheme would be for the Public Transit Division to under-
write the cost of training to be provided by one of the larger
properties. The content and organization of the training in this
case would be developed by a cooperative effort among all the
operating systems.

Maintenance Priority

The maintenance of variocus kinds of municipal equipment on
a priority basis ahead of or instead of transit bus maintsnance
is certainly counterproductive. Transit vehicles generate reve-
nue which is used or can be used to cover a portion of their
operating cost. The ability to generate this revenue 1is directly
dependent on the reliability of the transit bus in revenue service,
and the reliability of the transit bus in service 1s a function of
the type and amount of maintenance performed, the ability *to re-
schedule routes, and the number of spare buses in the fleet. The
proper maintenance of the bus is the most cost-effective method
of ensuring system reliability as opposed to having a large rer-
centage of the fleet as spares and the difficult process of re-
scheduling to meet published voute times. Neglecting or deferring
preventive mailntenance adds to late runs and in-service break-
downs, both of which affect the demand for service.

A refuse truck that dces not make an appointed schedule will
not cause a loss of revenue; an unreliable transit bus will. Transit
buses must meet published schiedules in order tTo generate revenues,
and a low maintenance priority ssriously impairs this process.



Assigning a low maintenance priority to transit vehicles
strengthens the observation that, in most cases, transit bus
maintenance is considered a stepchild that can be easily taken
in by a municipal fleet operation. The same type of argument
presented in the discussion of persconnel assignments is also
applicable here. A transit bus cannot be maintained in the
same manner as an automobile or truck. Transit bus parts, with
the exception of common diesel engine parts, filters, etc., are
difficult to obtain at the local level. Transit buses cannot be
maintained on an ad hoc basis with measurable success in terms
of vehicle reliability. Add to this the immediacy of repairs
often required in order to meet scheduled runs and it becomes
apparent that a well-organized and planned transit bus mainte-
nance program can support the maintenance of other types of
vehicles much more effectively than the mixed fleet maintenance
program can support transit bus maintenance on an adjunct basis.

'Facility Capacity and Equipment

For the systems studied, the main reason for facilities
being undersized and ill-equipped was age. In the case of the
municipal fleet systems the facilities were constructed before
any transit bus operations were undertaken. The only alternatives
in most of these cases were to remodel or to construct entirely
new facilities capable of handling transit buses,or to continue
in the present structures realizing the loss to productivity and
adjusting as well as possible. Capacity was not a major concern
in the transit only systems except for Charlottesville and Peters-
burg. In Petersburg, a new maintenance facility was being built,
and Charlottesville was aware of the need for considerable improve-
ment to the maintenance facility and equipment.

Running Repairs and Road Calls

Running repairs and rcad calls were attributed to several
causes. In the municipal fleets, the equipment often had high
mileage or was purchased used. The maintenance of this equipment
had in some cases been deferred by the original owners or been
carried out in a haphazard manner. Some light- and medium-duty
equipment was being used for heavy-duty applications with the
result being increased failures and deterioration. Several of
the municipal fleets wereoperating models of equipment no longer
being manufactured and proper parts were difficult to obtain.
Last but not least of the causes were the reoccurring repairs in
the same system or component resulting from insufficient diagnosis
of the problem or incomplete attention to repairs. The level of
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running repairs was a serious obstacle to adequate preventive
maintenance; there was a lack of maintenance personnel to carry
out both tasks. Breakdown maintenance must take priority since
the buses must meet the schedules, and this causes further de-
terioration of the vehicles.

Several of the transit only properties had the same problem
for reasons already described. Other transit only properties had
high running repairs and roadcalls. resulting from the operation
of advanceddesign buses that were requiring an inordinately high
level of maintenance.

A high level of effort on running repairs and roadcalls re-
duces the ability of a system to implement systematic maintenance
planning.

Data Collection and Analvsis

The data necessary for effectively managing a vehicle mainte-
nance system were usually being recorded by someone in the organiza-
tion, but often were not compiled in any organized fashion. The
unlinked recording of data may meet specific requirements for
various actions allied to or included under the maintesnance func-
tions; however, it does not provide the needed performance picture
with which to assess the actions being taken by an operation. In
addition to being collected, data used for monitoring performance
must be analyzed. The total number of road calls or maintenance
labor hours can be used tc evaluate overall system performance, but
analyzing the data will provide insight into why the performance
has decreased or increased and what further actions, if any, should
be taken.

The lack of data collection and analysis i1s ancther of the
factors related to the absence of periodic maintenance and system-
atic maintenance planning. In the past, the Urban Mass Transporta-
tion Administration has funded research to develop data collection
and analysis systems for use by large operations. What 1s needed
now is an approach that will address this deficiency so prevalent
in the small and medium-sized operations. This approach could be
illustrated through a research and demonstration program using a
computer-based VMMIS at a small *transit property.

This demonstration program should be particularly concerned
with the collection and input of data reflecting local operating
characteristics and conditicns to formulate performance indicators
and measures. In addition, it must consider the ease of system
operation and understanding along with detailed cost informaticn
concerning the operation of the system to provide a comparison cf
the costs of the demonstration system with those of the existing

[e)]
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system of manual data collection and analysis. It is also im-
portant that the system address disaggregate vehicle maintenance
costs,which are essential for a comprehensive review of the cur-
rent preventive maintenance program and any newly developed pro-
gram that would include the addition of periodic maintenance.

Maintenance Planning

A discussion of what maintenance planning should include has
been presented. The implementation of meaningful maintenance plan-
ning is impossible without the support of adequate data collecticn
and analysis at the individual property level. The practice of
vehicle maintenance 1s site-specific and so must be the planning
of the maintenance. Local conditions, in addition to the vehicle-
related information that is collected, must be monitored and used
as an input to planning. Data from both of these sources must be
reviewed and analyzed, which is a considerable task. Small sys-
tems generally do not have the expertise or the number of people
necessary for these functions. The solution, then, lies in using
computer assistance.

The usual organizational and institutional contentions used
to defend the status quo were very much in evidence in this study.
Systematic maintenance planning was not understood very well by
the usual operational personnel, so it was opposed. These per-
sonnel did not know how this type of maintenance planning would
turn out, and no one was willing to risk the blame for a negative
outcome. Typically, there was apprehension over who the new
method would affect and what it would cost. This is consistent
with the general conservative approach often found in transit
management.

The approach to systematic maintenance planning now being
used by progressive transit properties requires complex computer
programs and a relatively large and expensive amount of computer
support. This is fine for large systems such as the Chicago
Transit Authority, but does not seem feasible for the small oper-
ating properties found in Virginia. The directicn taken must be
the same, but the level of data collecticon and analysis must be
tailored to the size of the operation to balance costs and bene-
fits. The use of basic statistics and simple forecasting methods
in conjunction with affordable minicomputer hardware and software
would seem appropriate for small systems. The planning of component
change out schedules and maintenance inspection intervals can be
generated from the data analysis. An example of this type of out-
put used in Richmond is shown in Figure 11. The printout indicates
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the maintenance inspections and component change outs that need
to be performed and the buses that need to be scheduled. The
data analysis should be done on a continuing basis such that all
new data are considered on the basis of the current situation

and the component and vehicle historical profile. This will re-
sult in a maintenance plan that will update itself as the vehicle
characteristics, components and subassemblies, and operating
conditions change over time.

The type of maintenance planning found in Virginia was not
really planning but rather the use of a historical perspective to
attack a present and very probable future problem. For this rea-
son, maintenance system planning 1s now a necessity and will es-
calate in importance with increasing demands and decreasing re-
sources in the transit industry.

Periodic Maintenance

The lack of periocdic maintenance found was very similar to
that of maintenance planning. Goals and objectives, along with
data collection and analysis, were major influences on the limited
use of this procedure. Running repairs, personnel assignment,
qualified personnel, priority maintenance, local political bodies,
and inadequate preventive maintenance, all of which are inter-
related factors themselves, were directly connected to the lack of
periodic maintenance.

Inadequate Preventive Maintenance

This heading describes the current situation in transit bus
maintenance. It is influenced by or influences all the other
factors presented in Table 36. The designation "inadequate" should
not be construed as "bad". The maintenance being practiced for the
most part was good, but will be slow to increase in volume, if it
increases at all, unless the identified factors are addressed in
a proper manner., The maintenance programs were, as a whole, pro-
ducing credible results considering the level and type of external
influence they were operating under.

Political Body Understanding

This factor 1s perhaps the most important and surely the
most interesting one identified. In general, the commitment of
the lccal political bodies to support transit operations was strong.
The commitment, however, was usually thought of in terms of sched-
ules, routes, and people served and not in terms of operational
feasibility and support. As a matter of policy, they were found
to control the service and make the transit operation responsible
for the support. This approach can and did have a negative impact
on system reliability.
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It is important to understand that the members of a local
political body are not expected by their constituents or anyone
else to be experts in the daily operation of a transit sys<tem.

The transit manager or supervisor 1is employed for this reason.

It is just as important to realize that policy and budget de=-
cisions made by local political bodies have a great effect on

the transit system. If the members of these groups had a better
understanding of the operating realities and current ccnditions,
they could make better informed decisions. Very often it is

hard for a person with no technical background to grasp the
complexities of what may appear to be a straightforward undertaking
such as properly maintaining a transit bus. Management of public
transit must increase its educational effort and undertake programs
aimed at informing and educating local public officials. This
approach must also be taken with state and federal officials who
have influence or control over matters pertaining to public transit.
Education is a two-way process. Public transit officials must be-
gin to increase their interest in transit and communicate with

the operations personnel as well as transit management in an at-
tempt to improve their understanding of the present situation.

Condition of Buses

Directly or indirectly,allof the identified factors are re-
lated to the condition of transit vehicles. TFactors such as in-
adequate preventive maintenance, personnel assignments, maintenance
priority, and lack of planning are clearly examples of this.

The present condition of much of the rolling stock can be
attributed to deferred maintenance or the lack of an adequate pre-
ventive maintenance program.

Four of the reviewed properties in Virginia - Danville,
Bristol, James City County, and Charlottesville — were operating
fleets of transit buses containing a majority of vehiclas in a
condition that required a much greater maintenance effort than
would usually be expected,

The situation at Danville could be attributed to the used
buses they had purchased having accumulated high mileage with much
of the preventive maintenance having been deferred by the original
owners. The average age of the transit buses being operated at
Danville was very high, 17 years, and the mileage, although it
could not be determined accurately because of the mechanical
condition and the lack of original records, was very high. Also,
the fleet at Danville included obsolete equipment, which will be
discussed in the next section.



The buses in the Bristol fleet had an average age of 12
years and very high accumulated mileage. These buses were pur-
chased new and their . condition was due to age, mileage, and
lack of an organized preventive maintenance program for the
last several years. This fleet also contained obsolete vehicles.

The condition of the vehicles used by James City County
reflected a lack of control over the maintenance function, which
until recently had been completely contracted. The mechanics were
unfamiliar.: with the foreign-made vehicles in the fleet and diffi-
culties were being experienced in obtaining parts at a reasonable
price and in an acceptable length of time. The result of these
factors was that the maintenance being performed was not always
what was needed when it was needed. This situation was exacerbated
by the fact that the vehicles were no longer being marketed in the
United States and were inadequate, as will be discussed later.

The condition of the fleet in Charlottesville reflected all
the factors already discussed plus several others. Until recently,
~their maintenance program had to cover only 12 buses. Unfortunately,
8 of those were of the foreign type already discussed in the case
of James City County and the other 4 were the first of their kind
to be manufactured by a domestic firm. Compounding the difficulty
was the absence of any organized maintenance. Consequently, this
fleet suffered mechanical deterioration at a rate much faster
than would be expected under normal circumstances.

The decision was then made to expand the transit service in
Charlottesville and, in order to effect this increase, it was
necessary to obtain additional vehicles. Given the short lead time,
it was necessary to lease 1l vehicles until new buses could be
purchased. The buses that were leased had already been retired
from service by a larger transit property in Virginia and were old
vehicles with high mileage. This addition increased the fleet size
to 23 transit buses in a condition that required a large amount
of maintenance to enable them to provide regular revenue service.

Inadequate and Obsolete Buses

Although presented together, these are two different factors
that have a substantial impact on seven of the Virginia operating
properties. The use of inadequate equipment leads *toc a high rate
of mechanical failures and, in turn, a large maintenance commitment
to keep the equipment operating effectively. The properties af-
fected by this factor include Harrisonburg, Winchester, and Char-
lottesville. This type of vehicle is usually smaller than a
standard-size transit bus and in the Virginia properties reviewed
it includes vehicles of both foreign and domestic manufacture.
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It is noted that the term "inadequate'" dces not apply in
any manner to the engineering, materials, or construction of the
vehicles. It means that the vehicle was not as durable or main-
tainable as expected in the type of revenue service for which it
was used, regardless of the service use recommended by the manu-
facturer. The question of whether the vehicles were inadequate
or the application chosen by the property was inappropriate 1is
not addressed here, as such an undertaking 1in itself would require
a major study effort.

Obsolete equipment was a factor in the properties at Danville,
Staunton, Bristol, and the four properties listed above. The use
of obsolete equipment makes it difficult to obtain the necessary
maintenance parts, particularly those parts for major component
and subassembly rebuilding and repair. This difficulty often
forces an operator to use an outside vendor for repairs and re-
building, even though the maintenance personnel at the property
have the skill necessary for the required task. In addition, a
bus may be out of service much longer than normal for a particular
type of repair due to the unavailability of parts.

A certain number of these problems can be expected in any
fleet with old vehicles; however, it 1s compounded when these ve-
hicles have major components and subassemblies that are no longer
produced or made available by the original manufacturer. What 1is
not so readily expected is that a 5~ or 6-year-old bus will be
obsolete by virtue of its foreign origin and discontinued avail-
ability in the United States. Having to rely on a foreign manu-
facturer often increases vehicle downtime.

All of the items presented here increase the time, effort,

and cost of maintaining inadequate and obsolete transit vehicles
at a level necessary to provide reliable passenger service.

Design of and Skill Level to Maintain the ADB

These two factors are closely enough interrelated to be
discussed together. Neither is controlled by the operating prop-
erty and both are highly influenced by federal policy. Because
the design features of the ADB include a complex climate control
system, numerous electronic devices, and other mechanical aspects
such as wheelchair 1ifts, in revenue service this bus must be
maintained at a higher level than previously used equipment in
crder to ensure service reliability. It was found that a higher
number of component and subsystem failures was being experienced
than was expected, even for a new design. While this high rate of



failure had already been discussed at some length, it is again
pointed out here since the vehicle design, in the case of the

ADB, seems to be the major determining factor in the performance
of the buses in revenue service. The properties that had acquired
the ADB —~ Tidewater, Roanoke, and Petersburg — were not prepared
for the numerous repairs necessary to keep these buses opera*lng
at a reasonable level of reliability and as a result were experi-
encing difficulty in their overall maintenance programs.

In addition to the time and effort necessary to repair the
many failures, being more complex than its predecessor the ADB
requires a maintenance force with a similar increase in skill
level., Because this skill level is not found in all transit bus
mechanlcs, additional training is necessary, even for top-level
maintenance personnel.

Only three properties were found to be affected by these two
factors; however, this situation will change greatly in the next
3 to 4 years. It 1s expected that 10 properties will purchase a
total of 118 new buses by 1885. This figure represents approxi=-
mately 18% of the total fleet now operated by the properties re-
viewed for this report and a possible increase of 6 properties
operating the ADB. An 18% fleet replacement with new operating
equipment would usually be accompanied by a decrease in the total
maintenance effort and cost. In this case, just the opposite may
happen should the observations and information collected in this
research prove to be an accurate predictor of transit bus mainte-
nance trends over the next 4 years. If so, it is highly probable
that the maintenance effort will need to be expanded substantially
as a result of increased ADB use alcone, while not even considering
the added maintenance for such things as increased ridership and
service levels.

Inadequate Number of Spare Buses

A certain number of spare buses are necessary for a proper
approach to preventive maintenance. Buses must be held out of
service for inspection and repairs and these buses must be re-
placed by spares.

The number of spares necessary is a function of local operating
conditions and the level of vehicle maintenance practiced. In gen-
eral, a small property would need a larger percentage of its fleet
as spares than a large property due to its smaller capacity for
maintenance. It would also be expected that vehicle age would be
a factor, but, as previously discussed, the use of the ADB may well
require a larger percentage of spares than would equipment used
previously.
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A property that must coperate, for whatever reascn, with an
inadequate number of spares is very likely to experience a high
rate of road calls and emergency breakdowns caused by deferring
maintenance in order to keep *the required number of buses in
service. This, in turn, has a negative effect on ridership and
revenue.,

As the number of in-service breakdowns increases, passenger
perception of the system reliability decreases. The bus is no
longer viewed as a viable transportation alternative and ridership
decreases. The loss of riders translates into a loss of revenue.
Lost revenue means a decrease in orverating funds that in all prob-
ability will result in decreased funds for maintenance. A de-
crease in maintenance funds will be reflected by an escalating
deferment of vehicle maintenance that in turn will increase the
number of in-service breakdowns as the cycle comes full circle.

Lack of Transit Vehicle Expertise

This factor affects most all the others. The operation of
a transit system is a very complicated endeavor. In the municipal
systems and several of the transit only systems much of the nec-
essary expertise concerning the transit vehicle was not available.
This was to be expected in light of the size of the systems and
the number of maintenance employees. Vehicle specifications,
maintenance facilities, maintenance equipment and tools, training,
maintenance schedules, parts storage and availability, and mainte-
nance planning combine into a major undertaking in any fleet oper-
ation, but these become additionally difficult when transit buses
are included in the fleet. Transit bus expertise in these areas
usually was not found in the municipal and small systems observed.

The majority of federal and state capital grant funds for the
support of public transit are used in the purchase of transit ve-
hicles and maintenance facilities. The Public Transit Division
of the Virginia Department of Highways and Transportation adminis-
ters these funds but does not have access on a permanent basis to
the expertise necessary in the area of transit bus maintenance.

As long as this situaticn continues, the small operators in Vir-
ginia will not have a source of unbiased expertise to call upon
when necessary in theilr attempt to assure that the taxpayers'
investment 1s being properly protected. This factor can be
easily addressed by having a person knowledgeable in transit ve-
hicles, maintenance facilities, and transit bus maintenance at
the disposal of the Public Transit Division. An individual with
this knowledge who is not ccnnected with a vehicle manufacturer
or a transit operation could serve as an unbiased consultant



both on and off the transit operation sites and assist the
transit operators with any technical problems. He could also
concurrently pursue research for the purpose of anticipating
and targeting future problems that will affect transit opera-
tions in Virginia.

MAINTENANCE STANDARDS

Until the present there has been no attempt by the federal
or state governments to review the maintenance of transit equip-
ment purchased with grant funds. There is no accountability for
these funds that assures the equipment will receive the best possi-
ble maintenance and thus provide maximum service to the public.

The various factors affecting the performance of transit
vehicle maintenance have already been discussed. It is evident
from the material presented in this report that the operating
properties cannot be held entirely responsible for the current
situation in transit vehicle maintenance. The proposed federal
approach to the problem is a program of mandatory maintenance
for the transit vehicles purchased with capital grant funds; how-
ever, a federal mandate for vehicle maintenance will not increase
the performance of maintenance unless the factors previously dis-
cussed are addressed and relief in those areas is provided to
transit operations.

The maintenance standards proposed here are meant to be ap-
plied at the state level to all operating properties that receive
state funds. It 1s also recommended that all properties who do
not receive funds adopt these standards in the effort to increase
the quality of vehicle maintenance.

Adoption of the standards presented here and implementation
of the recommendations contained in the next section of the report
will provide the necessary protection for the already considerable
capital investment in transit in Virginia, and will provide a
continuing insurance for future investments. This action will give
the transit operators the assistance they need to combat external
factors affecting maintenance performance and provide accountabil-
ity for capital funding grants.

This approach places the burden of compliance on the operators,
but at the same time provides them with the tools and assistance
necessary to meet that responsibility in such a way as to allow
the standards to be fashioned to local conditions. The enormous
variations in lccal operating conditions in Virginia make this
type of approach essential.
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The maintenance standards proposed here will not dictate
the type of maintenance activities to be carried out. Thirteen
~transit operations were reviewed in this study and all operated
under different geographical conditions, used different types
of equipment, and had that equipment maintained by mechanics of
varying skills. For these reasons it is impossible to propose
a maintenance standard for inspection schedules or component
replacements that would be correct for more than one operation.
It is recommended, however, that the maintenance supervisors of
the properties reviewed in this report contact each other should
the difference in their scheduled work be a significant one as
indicated in Table 14 and Table 27. In this way, a dialogue con-
cerning the maintenance activities for similar vehicles can be
initiated among the maintenance personnel at the various proper-
tles.

The proposed standards are stated in general terms and deal
with the organizational and administrative approaches to mainte-
nance, not with the particular maintenance procedures or the
activities they encompass. The wording i1s general to provide the

lexibility necessary for implementation of the standards.

Transit vehicle maintenance 1s extremely site-specific and
requires a unique blend of activities at each property. Therefore,
it is impossible to mandate, for instance, specific goals and ob-
jectives, or a standard program cf preventive maintenance schedules.
The goal of the proposed standards is not standard vehicle mainte-
nance, but a standard approach that will become familiar to each of
the transit properties. These standards will promote an exchange
of information and a mutual understanding of the operational as-
pects of transit vehicle maintesnance as practiced by properties
in Virginia.

The proposed maintenance standards are presented in the
following list.

1. Formulation of specific goals and objectives
targeted at the vehicle maintenance function
and based on local coperating conditions.

2. Implementation of an organized and systematic
preventive maintenance program to include
cperator inspection, daily service inspections,
and scheduled maintenance inspections.

3. Use of maintenance information forms which include
the following as a minimum:
a. Operator inspection (vehicle defect) forms.

b. Detailled maintenance inspection forms de-
signed for the transit vehicle being inspected.

~J
(o]



c. Road call and emergency maintenance forms.

d. Detailed daily fuel, oil, and fluid use form.

e. Maintenance work order (repair order) form.
Systematic data collection and analysis to support the
formulation and implementation of appropriate mainte-
nance performance indicators and measures. This
minimum data collection should include the following.
a.  Maintenance performed (type, mileage, description).

b. Actual labor time for inspection, repair, and re-
building .

c. Parts used and cost for inspection, repair, and
rebuilding .

d. Component and subassembly replacements (new,
rebuilt, or used replacements).

e. Road calls (cause, action taken, labor time, time
out of service, parts, resclution).

. Number of missed or late runs due to maintenance
problems.

g. Materials and supplies consumed per vehicle.

h. Number of buses out of service, for what reason,
and how long .

i. Other data necessary due to local operating
conditions.

Systematic maintenance planning for preventive and
periodic maintenance based on the data collection and
analysis proposed in standard 4.

Specific maintenance personnel assigned to inspection
and repair of transit vehicles.

Minimum training requirements and competency qualifica-
tion for maintenance personnel.

Several of the proposed standards should not be implemented

until certain other actions are taken, in order to minimize the
disruption and the cost shculdered by the transit operators.
These actions are presented with the study recommendations in the
next section. However, the remainder of the standards should be
implemented with all due speed, as they represent no substantial
burden for any of the operating properties.
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RECOMMENDATIONS

The proposed standards numbers 1, 2, 3, and 6 should be
implemented by the Virginia operating systems as soon as
due process allows.

The proposed standards numbers 4, 5, and 7 should be the
subject of further study by the Public Transportation
Division as follows.

a. Data collection and analysis should be discussed
at further length with the operators at Lynchburg
and Petersburg in order to initiate a VMMIS study
effort and demonstration program.

b. The work effort necessary to investigate the
feasibility of various alternatives for providing
needed maintenance training and implementing the
chosen alternative should be initiated as soon as
possible.

The Public Transportation Division should initiate an
information exchange program at the state level to
facilitate discussion and understanding —

a. between the local political administrative
and funding personnel responsible for transit
and the transit operations and maintenance
management personnel concerning the operational
realities of providing reliable transit service
to the local community;

b. among the maintenance management personnel of the
various transit systems in Virginia to provide
technical and administrative support to each
other; and

c. for those properties which need assistance in
formulating goals, objectives, and a realistic
set of performance measures.

The Public Transportation Division shcoculd secure the ser-

vices of a person knowledgeable about transit vehicles, mainte-
nance facilities, and transit bus maintenance to provide any

necessary assistance to transit systems in Virginia.

The Public Transportation Division should initiate further study

of cooperative purchases, rebuilding, and bus procurement,

especially as they relate to the needs of the small
systems,

The Public Transportation Division should initiate further
study of the alternatives for procuring transit bus tires.
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7. The Public Transportation Division should initiate further
study of in-house versus vendor use for component and sub-
assembly rebuilding.
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APPENDIX B

TRANSIT BUS MAINTENANCE QUESTIONNAIRE
WITH RESPONSES

ERR A
[



VIRGINIA DEPARTMENT OF HIGHWAYS AND TRANSPORTATION
TRANSIT 3US MAINTINANCE QUESTICNNAIRE

MAINTENANCE FACILITI

bl

3
Facilities (No.) Responses

1. How many maintenance facilitias do you nave? 1 13
2. Age of the maintenance facilities? No. Years No. of Responses

1

2
13
20
30
35
40
54
75
80

P R o

-~
pi

-, - = v == p— = eyt - - Y — — - -~y =y .- = _——
3. Zo you f28l The zmountT cf tainTanance aquitment jou Ncw nEve 13 adeguats’

<. Do yeu f2el the type of maintsnance squitment you ncw rave 15 adequata?

5. Yes g8 Mo
3. o you follow 2 maintanance 2quicment replacement policy or scheculs?
5 Yes 8 Mo

5. Have you conducted a study to determine the cptimum Dplacement and arwangsmentT Cf
your maintsnance eguitment?

4 Ves 9 Mo

Y

would yeu consider such 2 soudy Ceneficial To your operzaticn?

8 V=g 5 Mo

MAINTENANCI PERSCNNEZL

(V)

% Rate No. of Responses

oY

O ~1L ) O
N F Ny

—

Nnat 135 your meintanance terscnnel TIXTover rta fer vesy? %3 oI maintsnance cersc



b

-3

[

ul

[53}

N |

[§)

What is your service *erscrne_ Tmover rats rcer year? % of service perscnnel
: % Rate No. of Responses

NONHO
e 00

Co yeu experiance difficulty in ndiring qualifiad cersonnel? 12 Yes 1 Yo

Jc you feel there is a need for a formal tansit bus mechanic raining sregram in
Jirginia? 13 Yes 0 Yo

- - - o Y B e lon ar-tall]
Could vou previce cd-oo tositicns for studencs Srem such 2 Trzining trogrEm?

7 7as 6 No

et

- : B 5 - T sy - >
Do you have an active ongeing maintsnance training trogram of yOUT SWilt

—_— >
2 Ves 11 Yo
Zc you have an apprentice program? 4 Yes 9 Yo

MAINTENANCE PRCCEDURES

- - Y - . 7 Y
Co yecu feel that you have cormplete "in-house'" maintsrance capability? 6 Tes © No
Co you feel that yeou need more "irhouse™ maintenance capablilitzy? 8 vag 5 o
Do you contract cut any service work? 4 ves S o
Do you conTtracT cut any rmaintenance work? 5 Vas 8 o
Jc you conTUacT cut ANy compenent oY sufassembly-rebulld werk? 10 Yas 3 Ne
WRatT tercentag2 oI yOUX TAINTANANCS wWerk IS¢
Dreventive % Responses (No.) Remedial % Responses (No.) Other % Responses (Ne.
20 2 20 4 0 §)
25 2 30 2 5 2
53 1 50 1 10 1
40 1 55 1 20 1
15 1 66 1 25 2
50 1 75 1 no comment 1
70 1 80 2
75 1 no comment 1
80 2 ey
Nno comment 1 L



R

21. Do you feel that the mainmtenance manuals ncw jrovided by The bus menufacTiorer

are adequate for vour operaticn? 6  VYes 7 Ne
22. Do yeu have standard procedures for maimtenance operaticns? 12 Ves 1 Yo
IZ yes, are they in written form? O VYes 4 No
23. Do you have a system cf vehicle maintenance Reccrds? 13 ves 0 Mo
IS yes, is it computerized? 3 Yes 10 No
24, Do you have a pericdic (preventive) maintenance crogram? 12 Yes 1 Neo
If no, pl=ase skip to questicn 28.
2S. Wnat is ycur sreventive Taintanance trogram Sased cn?
12 milssge 0 heurs cther 1
28, What amount of miles, fours, cr other 4o veu use Sor the tasic maintanance Intarval?
~o. mlas no. neurs 2ther (plesse =xplain)
Miles No. of Responses Other No. of Responses
1,500 1 Seasonal 1 .
2,000 2
5,000 2
4,000 1
4,500 1
5,000 1
6,000 4
27. FHew long have you used this interval?
Miles Other
Years No. of Responses Years No. of Responses
1 2 20 1
2 2
3 1
5 1
20 2
22 1
30 1
no ccmment 3
28. Z¢ you routinely replacs any compenents Or Sutassembliss on hecduls

3

Yas

=

10 Mo

1]



28.

)
rd

33.

Please check the acticns belcw that are commen at your property.

12 Scheduled inspecticn of vehicles
Minor repairs and replacements
13 Replacement of parts (hoses, belts, etc.)
13 Replacement of major ccmpcrnents
12 Repair of major components

Rebuild of majcr ccmponents fcr stock
Replacement cf subassemblies

Repair of subassemblies

Rebuild of subassemblies for stock
Body and chassis structural repairs

How do your operators report defects to maintenance?

2 verbally 10 written form 1  no set procedure
Hew do your service perscnnel report defects to maintanance?

3 verbally 8 vwritten form 2 no set precedure

MAINTENANCE PROBLEMS
Do you experience any "unusual" maintsnance problems due To your Type of oreration?

0 Yes 7 No If yes, please explain.

m——

Short tire, brake, and transmission life due to hilly terrain.

Inadequate maintenance equipment

Inadequate maintenance facilities

Limited manpower and mechanical ability.

Do you experience any '"unusual" maintenance problems due to the type of venhicles you
are orerating? 10 Yes 3 No If yes, please explain.

Cbsolete Buses

Inadequate Buses

Advanced Design Buses

w f L



34.

e
e

Zc

- ——— b} b T
TRITTIrENCS JTerzTLon! 11 Z=s 2 e
.- - - - — — - - L. - - = ' - - -
=< Jou T2l <hat ity TainTarzncs Iclliciss, tracTices znd treoblams e adagis
- -~ <o . T o f,
fonsidsred when naw Suses e Jurchased’ 11 “=s 2 M
—_—

3US PURCEASES

7CU 2XpecT TO JurchEse new -uses within The next 3 vesrs?

10

Vas 3 No If yas, rncw many?

No. of Buses No. of Responses

o UL~ ULl

11
30
47

el W ST S Nl NS

Mo e e

Jeu T2el the Tjges of Susas cuTre an=ly zvailzsia sre compatillsz wiTh U ITesanT

sus

oC you el ThatT Dus manulfzchurers ire treviding adaguats Tschniza® assistanc
Surchasars? 7 Yas 5

= - Y - — -
Sercertzza oI your Jresent us IlseT are spares? %

% Fleet No. of Responses

r
el el e ol Sl Sl ST Sl el Sl el

= = .- .
S Zlzew <o ycu Izel shoull Zs STEXes. 3

Fleet No. of Respomses

[}
oo

S UITLI O O W
i it

YUY U2 SV o



40. ¢ you purchass cr laase mhe —res Sor your susas? 6 Turchass 7 lasse 0 c=»

(@]

QCPERATTVZ ZZTORTS :

The thrzse "scatawlde ccoperztive' Is used in the next Tiree jussTions. 3y TS we mesn scme
ype of organized offorw, by the mansit oropertiss within the Statas of Yirginia, o collact-
lvely crder and purchase necessary itsms. The and result would be an increase 1 The Durchase
volume in order To obtain 2z Iower or more stabla Durchise price.  These cuesTicns are
nypethetical and are askad in crder to obtain your cpinicns on this corneept. Shculd The re—
spenses indicats interesc in these aress,The actual mechanics of applicatson will he ‘nvesti-
raT=4

Tl .

41. Zc yeu f2el That & "statawide coorperzTivae’ surcnase of Zarms and suppliass for —anmsis
Sus mainTanance would te an 2as3ET T3 your crerzsicn? § Tas 7 Yo

- - = b Ty o e [ . -~ v rem it 7 T1 25 = ¢ VS - - it - — S
12, Do you fsel That a "statewide cocrerztive’ rebuilding facility Fop 211 zater coaTcenents
H p -7 - - ——— - —— Ty y . x - - . vy o ———
E0C SUDassamploes O TmENsSLT Iuses would D& an asset <o veur SteraTion?

< = - = < - - PR e, S — . I2g . - I < - - T . - -ty
45, o veou fzel ThaT 2 "staTawidas cocrerztive’t surwhzse of woEnsiT Susas el e sn sszas
- .- - . ol
I3 youx srerat/on? 8 “es 5 Mo
—_— —_—







APPENDIX C

MUNICIPAL FLEET PREVENTIVE MAINTENANCE INSPECTION FORMS
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DANVILLE

CITY OF DANVILLE

MECHANICS MONTHLY VEHICLE INSPECTION

Veh " NO.
COUNTY or CITY

MAKE: CHASSIS

300Y

This is to certify that | have *his day made a caraful insg

DRIVER

SPEEDOMETER READING

pection of me V€NIiCle described above and make 3 report as follows:

'. BRAKES

Generai Condition of Sarvice Srake

Padal Pressure and Adjustment

GOOoD!

CORRECTED

Gauges. Suzzers, and lights

Master Cylirider

Vacuum Booster or Air Compressor

Vacuum Tanks or Air Tanks

Air Pressure Relief and Bleeder Valves

Parking Brake

2. STEERING
Play in Wheet

Seindles, Bushings, Tie-rod

Alignment and Salance

Power Lines and Seit

3. TIRES
Front: Right and Left

Inside Rear: Right and Left

Quuside Rear: Right and Left

Inflation

4. ENGINE
Crankcase Ventiiator

Governor Setting

Engine Mountings

Radiator

Fan Belt

Water Pump and Hose .

Fuel Tank, Lines and Carburator
Exhaust System

Qul Fiiter and Unes

Alternator and Regulator

Battery and Starter

Distributor and Wiring

Hom

S. CLUTCH AND TRANSMISSION
Pedal Reiease and Clearance

Univ. Jaints and D.S, Bearings
Transmission Shifting

0.

AXLES, FRONT AND REAR
Sorings, Clamos and Shackles

[eXelole]

CORRECTED

‘Wheel Nuts and Searings

. LIGHTS

Traffic Lignts and Pilot
Motor Flasher Assembly

Front and Rear Directionai Signais

Directional Signal Switch ana Pilot

Four-Way Hazard Warning System

Head and Tail Lights

Stop Light and Pilot

Clearance

{dentification

Sack up

800Y
Condition of Seats

Oriver and Seat Beit

Front Door and Controi

Condition of Stanchions

Emergency Door and Lock

Emergency Door Buzzer

Windshigid

Windshield Wipers and Washers

Windows { Broken)

Mirrors, Inside and Qutside

Heater, Oefroster, and Oefogging Fan
Mounting Clamps

. MISCELLANEOQUS

Cleantiness of Interior

Speedometer

Instruments or Gauges

Front Fenders and Grill

Sumpers, Front and Rear

First Aid Kit

DR S B W S5 S .

Flags and Flares

Fire Extinguisher Pressure

Free of Posters (Advertising)

Free of Bottles and Loose Objects

Lettaring

REMARKS:

DATE

SUPERINTENDENT'S COPY

C-3
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JAMES CITY COUNTY

SCHEDULE
PM GROUP "F"

"C" - Check
“R" - Replace
'S" - Service

Service (Per 1000 mi.) 5 10 15 20 25 30 35 49 45 50 55 60
Ji1 & Filter | R R R R R R R R R R R R
Chassis Lube s S S S
Air Cleaner C c R c c R C c R c c R
Tire Rotation
Front Wheel 8rngs ¢ N c S c s
3rake Lining c C C } C
Fuel Filter R R R R
Imission Controls C ¢ c c c c _1¢ C c c c c
"Y' Joints c c C c c ¢
luto Trans c c ¢ S c c c S c c c S
Rear Axel c c c C C S c c c c C S
Power Steering C C c C C c C C C ¢ C C
lattery c ¢ lc fc Je le je Jec de dc c c
Windshield 4ash C c c c c c c c c C c g
Radiator Coolant c ¢c lc ic je {r de Je tec dc e Iwr
Drive Belts c c c c c C C c c c c C
Shocks c C C c c c C c c C C ¢
Aiper Blades C C C C C C C C C C C C
Lights c c c C C C C C c c ¢ ¢
Mirrors c c c C c c c c ¢ ¢ ¢ c
Tire Prassure C c c C c c ¢ ¢ ¢ c C C
Door Hinaes c C c c C C c C c C | C C
Front Suspension c C c C c c C C g c C ¢
Hoses C c c c C c C e C C C
Air Tank Drain S S 3 S S S S S S S S S
Cost of Service 18.00] 18.00136.1242.00118.00154.00118.00]42.00136.12 118.00 {18.00 178.00
Less Parts, Etc.

! |
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APPENDIX D

MUNICIPAL FLEET MAINTENANCE INFORMATION FORMS
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BRISTOL

(b Bua Systen

PUMP READINGS: Diesel 1

ENDING
Date BEGINNING
GALS. PUMPED
Gallons Cast ’ Qts. }7 Coast Reading Previous Mileage
Bus No. Diesel Diesel Qil ail Hubadometer Reading
2 i
4 ! l
5 | |
3 l
|
10 i | ?
| ' i
2 | ! [ Lo
T T N T
i [ ! i Lo
i i i . T
15 : ‘ i :
3 i ! ! i | i E
| i
20 | | | | |
2 | ! !
2 | |
2 | L
s | l P
i t {
10 I ‘ i 5
22 | i |
!
o
]
| | | ! 1
| ' ?
‘ : ! i |
| i
| 1
) !
; |
! i
i |
}» ! ! |
i | b |
| | ‘ . | |
‘ | !
- ‘ i ! ! ? !
— —— ; |
| % L |
% . | |
| } | |




BRISTOL

DRIVER'S VEHICLE CONDITION REPORT

Vehicie No. Date
Driver. 0 A.M. DOriver O PM.
DRIVER'S ] MECHANIC'S
REPORT i REPORT
Drive line i
Tires and wheeis
Springs
Glass

Emergency equipment: j i
Torches, lanterns, reflectors |
Fusees j
Flags
Spare bulbs

Fuses

First-aid kit

Axe !
Fuel system
Cooling system

Engine i
Leaks i

Lights: ‘s 1

Head | ;
Tail i :
Stop | f*
Clearance and marker : ‘
Reflectors ’

Qil pressure |
Ammeter

Horn

Windshield wipers

Parking brakes .

Clutch | ‘
Transmission i i
Rear vision mirrors 5
Steering

Service brakes

Speedometer ‘
Other items requiring attention:

Remarks:

D-5



STAUNTON

STAUNTON TRANSIT SERYICE

VONTHLY RIFORY

DATE:

REGULAR COACHES

Total Revenuz Foyr Month Totzl Revenue To TNrta

“avenue From Tasp Fives

Total Passengers for Month vunud fassengers oo

Number Cf Transfers

Total Mileage - Cfeoal diiiozage T Toll

Oiesel Fusi Diese

Number Of 3uses voeocal Zoployeses

SCHOH,

Total Ravenuz For Honth afail ldevenu2 o iuie

Revenue From (ish Fares Rayenua From Schogy tickets

e . o s
+ 731 Passenqgers o 'tz

‘otal Passengers For Month

hwumter Cf Transiers

Total Miieage

Gas Used Motor Qi1

et

lumber of usas Tuployias

e
GGy Luper

D-6



STAUNTON

GASOLINE AND OIL REPORT

T
1
DATE TIME 8US NO. | SPEEDOMETER CAS oiL GREASE | TRANS. | OIFF, ‘L‘!LTER CART/| SIGNATURE
i
|
;
i
|
| !
| L
' ]
‘ 1 ! !
t -
H | H
' ! i * |
] | i i : i ;
I | ! ! : :
i ; ]
| : !
\ I
L l
- -
S |
;
i |
: : L
" |
! | !
H L .
! i
! |
; i
I
i
i
|
: ]
+
!
|
i .
] |
|
i i i
'
; ; i | !
: i -
| | ; i 1 >
{ 1 i ! i
ji i
- i i !
TOTAL | | | |
t w ! I
i | H i
gy
[V
NS



WINCHESTER

=
o
)
é

w

TOTAL HOURS

3Y

CATE:

EPUTPMENT:

REPAIRS NEEDED:

PEMARKS::

CRIVZR:

DaTz:

rre

PR S ApY

TAseETy r—m

IUIRIT:

REPAIES NEVDED:

- —

REMARKS:

DRIVER:

HOURS:

(0]

DATZ REPAIRS COMPLITED:

REMARKS:

MECTANIC:

Roadcall Form

4TS REPAIRS

DR :

QLS

MECHANIC:

Driver Defect

Form
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HARRISONBURG

DRIVER'S VEHICLE CHECK LIST

Vehicle No. Date

Check defects or needed equipment— (/| . Explain the
defect or need under ‘“Remarksy” and include other
conditions not shown, which need attention.

7] Baaxss ] Leaxs
O Hoan O En~cine
O Tmes T SteeriNc MEcHANISM

{0 Grass (State Which) [ Heate=
] LicaTs (State Which) {1 EmeruenNcy EQurpMeNT
{0 WinpsaELD Wrer [J Booy

(O SpezbomeETER O Courring Device
7] ReaRr ViEw Mmror(s) [ DmecTioNaL LIGHTS

Remarks:...

Driver's signaturs.....

e T

SHOP REPORT

Above conditions have been correcred.
(If not, explain).

........................................

.....

............

D-10



APPENDIX E

TRANSIT ONLY
PREVENTIVE MAINTENANCE INSPECTION FORMS
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ROANOKE

CREATER ROANOKI TRANSIT COMPANY
FLX INSPECTION

LATE 3P _12,__15v__21,_ 24. BuUs NO.______
MECHANLC MECHANIC
I. Clean engine, radifator 10. Compliete lubrication job
nnd bat Lery
2. Chetk duily service cord and l1. Drain air tank and check spit
wi g vnlve operation
S heck horn, windshield wipers 12. Check gauges and warning
nnd washers lighes |
I Check mirvors, inside lights 13. Check all extarior lights |
nod huzzer ;
1. Cheek windows, seats, !tloor and <t4. Clieck heacing and a.C.
Tlte extinenshers system (in senson) |
“. Check doors, sensitive cdyge 15. Check heating and A.LC.
— f{lters i
/. Check Laltery, electrolyce i 16. Check operations of all con- i
level and terminals ‘ trols; steering, brakas, f
| shiftine, etc. ]
i Check engine transmission { 17. Check for leaks - water, oLl, |
and gifferancial lube !eovel ! air, and fuel
9.  Check brukes, adjustc, lubricaZzs - ) 18. Cherk anti-freeze (in season)
cams
fheek & lubriente front & stde descinat{on slvns.] f |
Kecord Tire Pressures - (RO RRT_ joie) LT RF, LF Inflate (80 1lbs.),
Creck engine and transmission oil level tefore and after Road Tast i
: ( Siznature; i
Record Body Camage. i
{
{
|
9 ,000 MILE INSPECTION !
{
MECHANIC | ~ MECHANIC)
o Clange engine oil, small filter, 8. Check brake block, cam bear-
and by-pass filter ings and drums
i Chivek enpine mounts and cradle 9. Check all water and air hoses,
clamps and fittines |
‘. Clhech exhaust system 10, Check all dust pans I
Check suspension system, radius ¢ Check emergency stop
rods, hoshimes and shocks
Check drive line, uviversal and 12, Check shutters and fluid fan
differencial -ninion ! operation
check steering pear and linkage, § { L3. Torque wheel stud nuts {500
Cing pins, beatings and tie rod | g FT. LBS.) Check axle flange
nods : ! ~ucs
s o o i | 14. Road testC alfter all xnown
i Canrpe Ouc Oil! | defcets are correctad |

Sign your name LYy items you have checked. Road faifures cannot be avoided with paper and

pencil

inspeccions,

FOREMAN'S

FINAL O.X.




ROANOKE

FLX 18,000 MILE INSPECTION

L. Chanwee Trang., filzers

]
N Chonue Tuel Vilters }
3 Chec and zlegn aizr filcer !

. LCheck door controis and lubricate !inkage

|
|

. Check sir comnressor outnul
4. _Che=zk tce in and frong wneel 52l-nge |
Y. Check covernugr K.P.M, }
!
. Change d. 211 |
- §
N Chonue nir cicaner gnd neryw wataer filter }

LUBRICATZ WrcZL STUDS AND INSPICT TRIADS AT ZACH WHEZL CHANGE
RE2ACK WHELZL UEARINGS AT ZalGH BRAXKD RELINE

o

SET TOE 1N AND 3ALANCZ FRONT WHEZLS WHEN FRONT Ti: ARS CHAN

E-6



LYNCHBURG

DATE

BUS NO.

TYPE INSPECTION

GREARTER LYNCHBURG TRANSIT (0.
FLXIBLE AND T6H-4523-A INSPBECTIONS

r

’

Qhange oil and oil fi.cars  |ypopanrc Cange fuel filters Lmuwv
1. Clean engine, radiator and 20. Check emergency stop. i
tattery; A. C. Corpressor. |
2. Check Daily Service Cards and 21. Check gauges and warning lights.|
repeated Write-ibos.
3. Check hom, windshield wiper, 22. Check fluid, fan, shutter opera~
washers. defrosters and controls tion and service shutterstats.
4. Check insicde lignts, ouzzers, 3. CiedX stzg. [1nkage, drag LinRks )
mirrors; check for loose screws, tie~rod ends, king pins and tires.
bolts, nuts on inrerior, damaged
seat covers, paint.
5. Check windcws, seat anchors, 24. Check brake block, cam brg. f
frames, floor covering, fire and drums. |
axtinquisher, doors and cpera- |
tior, stanchions {
3. Cieck heating and A/C | 25. (eck reservolr drain. i
controls, motors, circulating f -
DUDS, heater connecticns. {
7. Check for cleanliness of 26. Check air campressor. i
bus interior. |
8. Check instrument board. 27. Check trans. soft shift switch j
set at 900 RPM.
9. Check destination sign. 28, Check axle flange bolts, toque
wheels 500 ft. lbhs.
10. (heck exterior lignts. 29. Check differantial lube, pinicn |
seal and U joints. !
1l. Check starter and solenoid 30. Check anti-freeze in season. i
switches. |
12. Check speedcmeter. 3l. Complete Tubrication job.
13. Check brakes and adjust; 32. Check transmission lube.
lube cams, check ondition and
locaticn of hrake hose and lines. 33, Check battery electrolite level
14. Drain all air tanks, check 34. Check fan blades and fan hub i
cperation of moisture inj. valve. bolts.
15. Check water hoses and fan 35. Check front wheel alligrment.
belts.
16. Check radiator surge tank. 36. Clean or replace heating and T
A/C filters. !
17. Check exhaust system, engine | 37. Check air cleaner, record i
cradle and mounts. { water columm( ). |
18. (heck suspension systam, | 38. Check for leaks; olli, water, :
shocks, U-bolts, radius rods, ! air and fuel. ,
bushirgs. ; !
19. Check steering gear and : 39. Date of major _nterior .
axle steering ZP-90. i cleaning. E
Record tire pressures: Inflate to 90 lbs., LF RF RRI RRO LRI LRO
CATE 3(S INSPECTED
TYATITTRARNT




LYNCHBURG

FLXIELE AND GMC 4523A 12,000 MITE INSPECTION

MECIANIC

1. Change transmission £ilters

2. Change fuel £ilters

(9]

Change engine o0il by-nass filcer

4. Check and clean aixr filser

Check d&onor controls and lubkricate linkage |

wn

FIXIILE AND QMC 4523A 34,000 MIEZ INSPECTIOM

'™
.

Check starter, requlator and generator

2. heck wheel bearing adjustrents

J. Check air comoresdssor outout

1. Ceck toe-in and front wheel balance

3. Check goverror R. P. M,

6. Chance differential oil

7. Chanoe air cleaner and perrv water filter

3. Change transmission fluid !

LUBRICATE WHEEL STUDS AND DSPECT TREADS AT EACH WHESL CHANGE.
SEPACR WMETI, EEARTNGS AT PACH BRAKE RELDME.

SET TOE~-IN AND 3ALANCT FTRONT WHEELS WHEN FRONT TIFES ARE CHANGED.

E-8



CHARLOTTESVILLE

Last Insgeczion Data: Jenicle #
2000 Mileage
1000 Date
3000 Mechanic

2000Mile Inspecticm

Adjust 3rakes (including Parking 3rake):

Orain Air Tanks

Grease All Fitzings -
Check A1l Fluid Lavels i

Amcunts Added:
Zngine 01} Traps. Jil 3rake Fluid
¥indsnield Wasner 7luid Ragiator Coolant
Caoolant ®rataction TF Aower Stzering F1U7Q

A/C Qi3 Jiffarential Cil

Check for Leaxs (Locats & ltamize)

Check aii Lights - renair as necesssary

Check dindshield ilicers - rapair as necassary

Check Steering - adjust Ffor play

Chack 111 Suscansizn

Check Zxnhaust 3ystam - recair immediataly

Check Soinglas

Chack Tiras ("rassurs % Wear)

Theck 3171 3alts % “oses

Check 3attary- zlaan zarminais

Theck Air Csnditioning (Summer)

Check Heating Systam (Wintar)

Check Haorn Zperation

Check Mirrors % Glass Candition

Check all Instrument Panel Zauges, Swizzhes 2 Lichts
Chezk Jcar Jperation

Creck Tiza Iz, & Fimst Ald ITguis.
<000 Mite Inscection

i

s

JEPORT AMY FAILING 2227
ACPAIRET CURING IHSPII.

LIST ANY DEFECTS
3ELOW. LIST 72
In addizicn <o the above:

Change Ingire 0i1 & Filtars

Change Fuel Filtar(s)

Changz cr Claan Air Filtar

- otez Clean
2000 4ils Inspection whqiNE .

i

" In addizicn to the ahbove:
Change Transmission Qil & Fiitar
Change Jiffersntial Qi3

TIME SPENT PC2FIRMING INSPECTICN:

PARTS USEJ - INCLURING FLUICS

(%]




¢

PETERSBURG

PETERSBURG AREA TRANSIT

3US PREVENTIVE MAINTENANCE WORK SHEET

Dace Bus Number Mileage
Chassis Lubrication Tyoe of Work Freon Check
Mileage Inspection Change Transmission/Filters & Fluids Change Differential Oil

INSPECTION MILES CHANGE

OIL CHANGE FILTERS 0OTS. USED

TRANS. FILTER TS. USED CHANGE FUEL FILTERS
i. TIRE PRESSURE 23. SHOCX ABSORBERS
2. HORN 24. FUIL TANK CAP LINES
3. LIGHTING: 25. BLOWER YOTORS:
A, HESD TAIL LIC. RAS L. 2.
3. MARKERS STCP JEST. 26, HEATER FILIER CLZAM
C. DIRECTICNALS 27. HEATING COMP. JRALYS
D. DOME TILL TALZ HIGH 3EAM IMD. 23. DRAIN AIR TANKS
4. 300Y LIVEL 29.  AIR PRESSURE REG. GRADUSTAT
5. STESRING SHAFT 7~ JOTNTS Pray 30. COMPLETE CHASSIS LUB.
DRAG LINK B STZTERING 30X TIAKS 51. DIP STICX AND TUBE
5. 3RAKIS: 32, TRANS. FLUID IHECK 30D .
A.  TRAVEL FRONT REAR 33, ENGINE STCP CYL.
3. LINING FRONT REAR 34. ENGINE DMCY. STOP
C. ADJUST HAND 3RARE 35. ACCELERATOR CONTROLS
7. DOORS: ACCELERATTON INTERLOCX
TRONT: A, CHECK MICRO SWITCH FOR STEZP LITE 36. ENGIME OTL LINES
§ REAR 3. AIR LINES 37. FUEL LINES UV LEARS
C. DOOR CONTROL VALVE 38. AIR LINES
**3djust 1f needed 39. AIR SAFETY CEECK VALVE
40. GENERATOR OIL LEAKS
3. AIR PRESSURE CUT-IN 2ST (100-105) CABLES TERAS. 30TTS
AIR PRESSURE CUT-OUT PST (l15=-13-) 41. FAN § TORUS HOUSING
9. WINDSHIZLD WIPERS & WASHER MIX 42. WATER 2tMP LEAK
A. MOTORS  LEFT RIGHT 43. TRANS. FLUID LINES

B. 3LADES LZFT RIGHT
C. ARMS LEFT RIGHT

10. DETROSTER:

A. OPEIRATION CLEAN FILTER

il. PASSENGER CHIMES AND SWITCHES

44, COOLING SYSTEM
FILLER CAP RADILTOR
ALL WATER HOSE
COOLANT LEVEL

45, BATTERIES CABLES

12, ALARM SYSTEM: CARRIERS
A, LOW AIR 3. LCW 0JIL HOT =ING. CLEAN
3. TAIL PIPE MUFFLER ZNGINE UNDER TRAME 16, HEATER WATER PUMP
t4.  ENGINT SUPPORTS ZNG. COMPT. LICHTS
5. ENGINE BLOWER DRAIN TUBES CHECK FOR TULL THROTTLE
16. DIFFERENTIAL: GREASE VENT 47, LUB. DRIVER'S SEAT
17. PROP. SHAFT & U JOINTS 48. FIRE EXTINGUISHER
13. CHECX AIR FILTER.ENGINE 29, CLZAN ALL AC FTILTERS o
**Ranlace EZvery 5 Months 50. CHECX [REQN ADD
17, CHECX 3ROKEY GLASS 31. CHECX WATER ¢ R
10,  CHECX TORN 3EATS **Replace Zwvery 3 Moncoios
2.3 US & LATERAL 20D 3USHINGS
22. STABILIZER B4R 3USHINGS TTRES: CUNDITION: PRESSTRE:
n NS L.F. 2.7
DETAILS COF OTHER WORK DONE:
L.R.I. 2.2.1
L.R.0. R.2.0.
COMPLETED INSPECTION DATE: MECHANIC

SYMBOLS y// OraY X

)

WORK DONE 2 REPAIRS NEEDED



APPENDIX F

TRANSIT ONLY
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RICHMOND

FORY B7-t0 0=23-77 _GRENTER RICHHOND TRARSET CORMPANY
DALLY FUbkl, REPORT Date
KEGISTER NO._ FINISH START usED__
_::::,. GCallons M]_E;_:i.._ Calloas Hamee ;;:I,‘ Gallong {Noame ‘l\::::l Gallous Nomee __‘y:::_ Gallons |
31 1 203 408 522 629
33 204 409 523 630
34 245 410 524 701
Y 2606 411 525 702
201 267 412 526 703
202 | 248 413 527 704
203 i 249 4l | 528 705
204 LIEL 415 529 706
_205 105 416 530 | 707
206 1 252 417 .E',l 708
207 TS 418 532 709
208 1 254 419 | 533 710 |
209 | 253 | a20 1534 RIES
210 1 236 I a21 i 535 i 712 |
211 257 i 1422 i 536 713
212 25 | i 223 | i 537 D714
213 259 I 424 | 538 b 715 |
214 1 260 1 425 539 | i 715 |
215 261 I 4z 601 717
_216 ’ n57 i‘ 427 602 3 718
217 | ag 428 603 1__ {719
-3 N R T LT l A L 429 ! 604 i 720 '
219 | {oaes 1 430 605 ir21
220 | 256 i 431 | 506 { 722
221 | 267 | 432 ?_607 723
222 | 768 i s01 2_298 | 724 |
223 269 |_s02 | 609 1725
224 20 503 ; 610 ! 726
225 271 3Q¢ IE 611 3
226 272 i 505 i 610
227 318 i 506 1613
228 319 507 1614 i
225 132y i 508 {515 : |
230 | j22 | I 509 | f61s LI
231 | 323 I s10 | 417 1
232 | 324! | sin | 18
233 | 325 I 512 | 610 v
234 I 326 513 | 11620 q
235 1 327 514 {621
236 | so1 515 522
237 202 1516 623 !
218 ! 403 j 517 524
239 {404 1318 625
YL R . 1519 526 |
241 :_L%_ ﬂ 320 ___{e27 T
242 | o7 | LS 633 1 |

o
I
N



RICHMOND

Form O7-M2  4/20/70 GREATER RTCHMOND TRANSTU COMPANY
DALLY OLL REPORT Date

REGISTER NO. FINISH START USED

Bus ] OiL A Lus it ‘.‘xl sus | Uil ‘;—x“ Bus| Oil "am Bus| OLl "um Bus | Oit
n IH R
No. | Quarvrts b Mol Ouares ¢ iiNo.| OQuarcs e fitho. I Quarts e {{Ho.| Quarts ellNo. | Quarts
31 237 305 350 504 605
1 238 06 251 305 606
2, 259 {107 152 506 (07
H 1]
59 { { 2aqi J0e 257 s07 h(3
| )
201 g 308 156 508 09 .
| t
202 (242! 210 401 509 10
03 ! 243! 111 402 510 511
i H
204 | 2441 21zl 403 511 012
N v H ¥
205 | ! 313 L4 519 RIS
206 | an 405 513 Lol
{ | 204 | 52 ! a3
i ; i ] i
! ! L0007 313 : fhale
1 ; - :
| ! Hecel fzal | Hay-]
i i
i _0<;>! 517 iz !
211 ¢ 410 Hoig b
P : i |
=12 ' £11 520
7 i
i 412 I 521
: - ™
g tial L ilsan
e
o . ' B ' i
2.5 | Hats ) oozl :
{ { | i
N ls15 IR !
21‘5: l %k-L" 1 ;l"y‘v, :
i [ 1 T !
19 ! ila1s ! [l 27 i
{ H H
220 1 1ALE 513 !
; ) i
221 ! ! 1a20 | 1 525 |
' i I
720 .f A | {5501 |
' - r ]
223 ! 5 ano I |
| i |
225 I |
- ‘ "
20 | ik ' |
i ! L | e | ! l
T e 0o f - o
119 ! \ [k} r0w HEEPN -
230 T soal Hiag Hosg
]
231 | 340] 470 \ 578 ! -3
1 i 1 R
10 401 11839 e
i i ) :
217 ! 7P Hant -1
2oy : J AR !
! R ] ]
i3 | s { i ! ho |
i : i T i ; : : i !
Py o | ! ! i i {




RICHMOND

MATERIAL USED WORK ORDER

DETANL HRs. | TIME

QUANT.AE PART NO’ DESCRIPTION OF PARTS  COST

cut

i

 ourt

| our
b

———
]

oury

1

i} ~ ayr!

i

FCRM NO. 290 TCTAL MATERIAL COST':? av!

i H
—



FORM JCF G-13 (R1)

RICHMOND

REPORT OF OPERATIONS

DATE
WEATHER: ~ ) e
P.M. -
DIVISION DAY
TRANSPORTATION
SERVICE INTERRUPTIONS AND ROAD CALLS RESULTING (N PASSENGER DELAY
3us i i DATE i PSGR, i TIME !
NO. Mg 0UTE : CAUSE WAST Nsp. | DELD. | osD. | HOW HANDLED
| : * f
| : ’ | !
| i l
! a | ! :
: % |
! | 1 | f
% ! ‘ ; |
ANNULMENTS AND LATE GARAGE DEPARTURES
RN NO. POINTS — SETWEEN <ausE
| i
| :
T mANSIT | WNmRaTY PERSONNEL ; i
| ‘ : | ‘ | : ACCIDENTS |
fam ! oem | am . pm | REG. . EXT. ! EXTRA 30ARD 3us_HCURS REPORTED |
i ! ! i ; : ‘ i I : f
Peak (sch.) i : ;. Vac. L Tota [ Lest Collt ]
Acrual | * . Sick ‘| Available __Tf Added ___ sgr. .
Charter } ‘ i Miss-Curl . Used : Other __ !
| Spare ; ! “ ! Rep.OF | UsedD-CR__ | sus miss | Empi.
! Shopoed ; ‘xh Hires ; | Reqg.oanD-OF . Lost : i i }
i : i loss i L Excused Added __| : | i
TOTAL w i | I} | RD.OF i : ; ! |
TOTAL CHARTERS OVERTIME
HRS. MILES Protection Time Nen-3cneduied C. T.
MAINTENANCE
; PERSONNEL ; INSPECTIONS sHOP ROAD SERVICE CVERNME WORKED
: Vac. j Due . Qver 2 days ——__, Rep. onRd. Day Cff S
| Siek L | ' Change offs M. = !
i Miss-Our . Actual ‘ Charge offs O Other.
i Rep.CH — ; "o Toral 3P M Fare 3oxes
. Hires , Dafects : —_ Other TOTAL
Loss Tcrat Road Cails —
GENERAL REMARKS: | M. D HRS.
. W. A, HRS.
for MAINTENANCE
for TRANSPCRTATICN
F-5




RICHMOND
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RICHMOND

JCF M-12R-2
UNIT REMOVAL, REPAIR AND INSTALLATION

Name of Unit )

Type ‘ Unit No.

REMOVED. | INSTALLED |
Bus. No. i Bus. Mo, ,
Date | Date
Mileage i Mileage
Position «? Pasition:
8y: & By:

Causae of Removal

Date Repairs Compiated

Mechanic's Signature:

This portion of ticket must remain on Unit until installed,

then send to office

Cate Unit No.

Name. of Unit

From Bus No.

Position

Causa of Ramoval

Type

This portion of tickat must be detached and deiivered
to Office when Unit has been removed from bus



RICHMOND

USED MATERIAL

REMOVED FROM BUS DATE 19

MILEAGE PART NO

DESCRIPTION

] To B& RECLAIMED [0 TEST MATERIAL [] RETURN To MFG. ForR CReDIT

PARTICIPATING CAMPAIGN ORLCER NOQ. (IF ANY)

REMARKS:

SIGNED

F-8



RICHMOND

MG
TR

TROUILE REPCRTED

T MECHANIC

i
o
-t

LEFT GARAGE

ELEASED:
AM.
M.

RETO GARAGE -
' © A "
cORM

ARR. AT 3UsS
AM,.

E‘ 3US R
e

AM. 1
B

. NQ. PSIGRS, DELAYED

. HOW MANY MIN.

- .. WERE PSSGAS. TRSFO.

:

e

JUS REPAIRED ON R0AD

CHANGED

TOWED IN TG 3US NO.

TROUBLE FOUND:

REFAIRS MADE |

SIGNED

FOREMAN'S APPRCYAL

es]

. - e
Rty ana

F 'RUN OR BLOCK NO. - -

T

_ QIRECTION - 7
AL S e el

PR

Vel

e ol e, e i




RICHMOND

T PV T AN [T WORK YT AR TR 124Nz

Steam
Clean

4000

e,

leoan
Instde

Tlre [Reline Shop
shop

Shop

A/C

Swiag
Body

Misc.

Misc,

1

t

{

S l {

i

S

S

i

1

wn \n

n |n

w | »n

S
S

AT

d

“I

wn j»n v

(2]

L2

vi

o

[CIN(O]

w B N e

[

w | | Y [ Wn
m i v fn i =

w vy ln 1 n

win v |\ | v |n

w jn v [t [

0 v

(%]

{IOL.D_IN SHOP

No.
PM

Days
in shop

Trocuble Reported

Cemp
By

Nute

S—

~

N 1O (O

(W)

(AN LV I P

~4

- |O o [

™~

Remarks:

N m— ————



TIDEWATER

67-NO-1 TIDEWATER REGIONAL TRANSIT
DAILY DIESEL FUEL AND OlL REPORT

(Report Fuel in “Gailons” & Oil in “Quarts”) Date -
DIESEL PUMP NO. | OIESEL PUMP NO. 2 |  OIESEL PUMP NO.3 | DIESEL PUMP NO. 4 | TOTAL FUEL
Finisn ! |
| |
Start i i
i ! i
Used | : ‘ !
1 1 i i
S | i Sus =0 T s0s : , s
3us ;FUELGILINAME% s iFUEL,on.;j.\«mwza! G FUEL CILNAME] S FUEL.O!LNAM&] S FUEL, OtLiNaM ?‘%5 [FUEL, OIL NAME
1 ! ! " ‘{ H H 1 1 i i ;
161 ¢ : 12725 j P35 * R | {439 i 157
102 | C| 206 | Cg | L 402 : P 135 ! : <05 !
103 227 | 317 <03 l {138 f 169
104 223 313 -84 T i
s, e L 315 0§ 133 71
106 1230 bt 8 13 g
107 e 321 )7 110 73
108 232 122 =03 12l 571
109 233 [ 3 09 147 .50
110 ;ul ' P34 ¢ 342 ! " 502
0 T i P75 DALt : 424 I 503 ¢
02 | B | 125 12 s R
203 244 ; 97 413 115 1505

=3
o
2
i
o
[P
£
[o%
'
4 -
4
o
~1
wn
&
a

205 b ] 329 5 33 307
07 L | 37 116 H3 | 508
208 K | 3 7 +%0 EE
n9 RN 332 13 T 1 510
70 TS 133 19 137 T3
21 301 334 0 253 512
22 1 02 ‘ 335 121 X 512
23 | 03 3% 122 353 511
214 R 337 223 155 BB
215 - 305 22 73 ¥y T
25 - 305 } 3 -0 -3 517
21 07 0 <25 e 215
T 153 T = 0 B
219 9 | 312 3 1 )
220 Sy 143 bo12g 137 |
21 R 34 Rk !
222 HEKE 335 BT z 34 !
223 B EEG Y 53
274 HE AT R “58

)

¢
o
(s



TIDEWATER

Hiva

JnyHos
£V

20vW Suvan

'$123430 10 18043% YOI IV TYNOINIGOY

80iS FSUIARE NO SHYI GUOIRT HNNVIOM
BaiS MINIASY FIN ‘TANINOIN IV VWNOUIOGY &

(018 sedo Byl Aq Uy} S8 YOPOY By USYM Jeps0 POoB v| Pus yIwa)
Wyl vo WM quswd)Aba YNt BEPU; JleYE WOy 0V Aur )OS ueige
Sy} ‘Wo) Tty o peou 0q Oy Fys Juswidinbe Asonierde Bupanw
‘ulis pus YDA pods) o WD), M5 YeOod
$Inrubs B)y 1040 weny vy uo Apep sodes o) p

be1 vy soitsedo ey

TTUeN ) NOS .Q
vny 40 140
oN °N ‘NOS .m
wny ‘0340 0O
R ©oN NOIS 0
.:-.- R 2L} ‘W390 N
T133a
oN - °N o NOIS o
uny ‘WO ‘M0
uvae ‘ON M

IN0d38 1133310 $.HOLV¥3IJ0 Q-0 VWDl
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TIDEWATER

- ROUTE.

MEET AT: P Time DIRECTION
R L B ’ L g . A' . A._M_ . 3 ;

TROUBLE REPCRTED

Cen i w v

LEFT GARAGE | ARR. AT 3US | 3US RELEASED | RETD GARAGE .~
e e AN AMO L AM & AM -
ST S Sl S & L B | CRML

_ NQ. PSSGRS. DELATED | HOW MANY MIN. . |- . WERE PSSGRS. TRSFD.

T

. CHANGED
3US REPAIRED CMN R0AD TOWED IN. TO 8US NC.

TROUBLE FOUND:

him o e e b

" REFAIRS MADE:

SIGNED

FOREMAN'S APPRCYAL ' ' i

F-13



WORK ORDER

TIDEWATER

DETAI

MRS.

Timg

QUANT. | PART NO.

DESCRIPTION OF PARTS

CosT

Form Na. 290

F-14

TQTAL MATERIAL COST




TIDEWATER

9-16-68
INSPECTION SCHEDULE Norfolk, Virginia
BUSES, AUTOMOBILES & TRUCKS
Date
Day Shift Lubrication

Dead: 7:00 A.M.

Trippers

Trippers

0il Change Only

———————————————

5,000 Mile Iaspeccion
Lubrication and Jil Change

Trippers

7:00 A.M.  to 3:30 P.M.

rippers

Trippers

Steam Cleaning

Job
No.

L.

W

s

T

w

Bus YNo.

(Clean-up)

—— e

7:00 A. M.

Job
NN Venicie Numters
1
L.
2.
3.
11:30 A M.
4.
5.
5.

Night Shifc - Auto/Truck
Inspection, Lubrication
and Cil Change

i

F-15

Signed




PENTRAN

SHEE1 NUMBER .
DATE:
ws | e | qrs | Bus | | ars 303‘ o | qrs | sus | oa | qrs
W | rog | o | wo on. lxl rom lom i wo! r oLL
211 606 640 673
212 507 541 §74
213 608 | 542 1675
214 | 509 | L 678
215 | 510 | _ g3 ! 1577
216 ’ 513 | | 544? ol { |
217 bogiz i SAS!L ! 573 I ! j
2a | 513 | cegt | [ w0 | o
i i Kl i
219 | 514 | [ [Ty | 631 {
o5 1 ! 515 ' 2o | L 53 J
228 | | 516 ' 549 i ! L
el s ool
222 | | sia | s o1
224 ! 519 f 552': 102 i |
25 | 520 533 103 |
226 521 ! 554 104
227 522 B §55 105
228 ' §23 656 106
229 524 $57 107
230 ! 525 638 700
23 626 659 703
232 627 660 702
233 528 | 561 j703
234 525 | 562 f 704
235 b 530 63 708
235 | s [ 564 i 730
37 o ’ { 563 ! | 730
Canl 563 | 732
00 | 534 | ! £67 733
501 535 | 568 734
552 536 569 e
503 537 57C j 738
504 | 538 571 f
205 | 5 672 ? :

F-16




PENTRAN

Laave this DALY OPERATION CARD in Bus
asgected fcr Minor Cetects by us No.
—_ . Tanxs Dranea by __ Qate 13
COgperators Mark Bacge Numter in frant of ail itams
needing attantcn. or in CK Coiumn
3asge \ecn. T "3aage Macn.

W (TEH o Na._ Tme . No. Na.  Tme
LSLIPMENT
Sra Exurgusner - —
Farag — - — _— -
—em —. — . - .
Hongshiang \Wicar - R S
Jutsice Myror R - - -
rsica Mirrors e e - e—
ZMGINE —— R -
g Sower . . - —_ .
<~TCKs - = =
. .. Qeneciicr .
e——— SiSTNCULOF - e
~. . Siarer B -
.. rasnurentdoar . . ;
SAS SYSTEM

Shimres
~AMO 3RAKES

. cash Peqisiet .

. Trairs'er Register . . .
RES
e NhemslOcse® _ . ___
— Zamaged .-
—_ . 3 .
- LAt L —_
o Siud - L - L o
SMSSICN P —_
IS IHAFT . — -
A AALS . - .

VILFE_ZR

Targue Convarnter 202usCK - Lo . .
icsicent (Yas 3. 8usCK e -
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PENTRAN

FARE 30X TROUBLE CARD
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PENTRAN

General Foreman
Supt. of Maine.
Asst, Gen. Mgr.

for Operations
Cperations File

D

l

PEMINSULA TRANSPORTATION DIZTRICT CTMMISSION

MAINTENANCE CZPARTMENT
DAIT.Y STATISTICAL REPORT

DAY DATE

SUMMARY OF WORK PERFORMED

BO's Worked TOTAL 2 A 30's Remaining
Road Calls TCTAaL 2 A

Towed In TCTAL D A

3uses fueled & Serviced TCTA D A

'Wasrers Working D yas/no A ves/no

Buses Shopped & Waiting TOTAL Over 2U___ Over 60_____ Over 30__
Inspections Performed TCTAL o} A Remaining

(6,000 miles)

Intericr Cleaning TCTAL D RY Remaining
Air Conditioning ] TCTAL SERVICED OPERATING NOT CPERATING
TRIPPED
Body Minor Mech. Tires P.M. TOTAL
Comments:
ASSIGNED PERSONNEL TOTAL D A “idnight
Vacation Qf& Zxcused Suspension
Reported
Sick Late Q.T. Hours

M1 1]

PENTRAN FORM 321 REV. 3/79

LU



Form 2

PENINSULA TRANSPORTATION DiISTRICT COMMISSION A-G.M.-Marke:

MaINTENANCE DEPT.

PENTRAN

Darry ReporT oF CoacHes QuT oF SERVICE

Gen. Foreman

Supt. Maint.

A.G.M,~Oper,

|

en. Manager

Operations
File

Bus No.

Reason

DATE

Bus No.

Reason

DaTE

F-20

(S-SCHEDULED GuUT

A-HORKING)

SUMMARY
IN Service
SHOPPED

SPARES
STORAGE
TOTAL

RUNS



PENTRAN

SUBRJECT: DAILY MAINTENANCE FAULURES

DIRECTOR CF SERVICES.

F-21
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PENTRAN
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PENTRAN
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- Closing Bal.

ROANOKE

CRLATLR RUANURL TRANGLY CUMPANY

Vi

DIESEL RESERVE DILSEL olL
veg. Balance Beg. Baluance Bey. bulance
Purchases** Purchases » Purchancn e
lssues lusues | UPENTTEIN

Clusing bal.

Closing Bal.

?hy.(Stick) Read.
Over or Short

Phy.(Stick) Read.

Qver or Shoert

Phy.(Stick) Kead.

Qver or Shaort

Zng. Maeter Read.
Seg. Meloer Read.,

TOTAL ISSUES

Ruad.

[End., Metoer kead.

1Bey. Mutes
TOTAL ISSUES

Ead. Movers Koad.
boy. Muetes Keud._

TOTAL LSS B

5us ] I T &0 [ oUs ] T i
vo. | cas | orzseL | orL NO. | Gas | preser | ot vo. | cas | biesi
i | i
13 | r 172 184 | | |
P ; !
161 | l 173 185 | ] |
162 | 174 186 | | }
163 | 175 . 187 |
164 | 176 188
165 | 177 189
166 | 178 190 |
167 179 161 ;'
168 180 ~ 192 | f
169 18% 193 ?
170 182 154
171 I i 183 165
]
| : | s
#L Diesel Stick Reading #2 Diesel Stick Reading 0il Stick Reading
Last Day of Loata
Inches - Incaes -
| 1 -6,000 Tank
Iaches - Inches -
; Inches
Total - Total - ‘
i Teotal
2 - 3,000 Taaks |2 - 6,000 Tanks |
Il
; Date
/
[

F=24




ROANOKE

Greater Roanoke Transit Co. DAILY WORK SCHEDULE
Date:
PM Unit # Date O/S Work Regquired Order # Mechanic Date i/S
|
!
i
| ;
! H
|
| ! !
i |
|
| |
1 !
Hoid For Tomorrow _:
LU

F-25



ROANOKE
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ROANOKE

REPAIR ORDER

Ne 1463
Speedometer reading Date Vehicie No.
Description of work Mech. Number | Time Worked
! Part Number Description i Min. i Qty. }l Unit Prica : Extension

F-27



ROANOKE

Code Emp. No. Clock

[

F-28



ROANOKE

BUS READY LINE DISPATCH SHEET - WORK SHEET

]
i Date:

PR — : an: -
4 N 2 | L 58"

i

i : i Instructions:

i ! Night £foreman
| e a— to show where
L A ' 5

l i

!

H

|

=2ach pbus is
parked, as well
as restrictions
on bus use, 1£
any, and also
to show work
neld over, if
any. all buses
Are t£o e ac-
countad for on
this sheet i
some £asniosn ur
i ! . ! another.

@

B

[
[#))

’

)

[N}
3
Z__,*,

[}
w

i
Il

-
o
e
[
-
o
W

/

Note: typed nc.

. | is the sequence
. 13 | for morning de-
: ' ! ' ' parture. Sheet
! : : : . ! should be given
‘ ' ' o dispatcher in
the a.m. hefore
first tus de-
parts.

/&
Il
I

H
)

s

g

: ON CHART...
Circle bus unos.
i in place but
not to be used.

1
iTool Room | . ‘
i
|
|

3

3uses parked across street:

Buses parked in body shep:

Buses ocut of service today, and why:

or use on short runs only:
nar2 Buses:

i}

Sy
PR z
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ROANCKE

Te30L SE
G61 — t81
6L6T
9-0L8 X'1d £l
¢81 — 191
9L61
9-60GF XT1d (A4
POPPY 11O PopPPY 1ond 1ond SOTINW uotT3dyIdsad T s9sng
11end aad 170 |30 uoiyen jo Jo
SATIW [sa3aend | aad saTIW suoliesn JaqunnN
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Luoduad
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ROANOKE

JCF M-4 (R1)
ROAD CALL REPORT
CALL RECEIVED 8Y: DATE REC. TIME
AM.
19 P.M.
8US NO. ROUTE BADGE & BLOCK NO.
MEET AT: MEET TIME DIRECTION
AM.
P.M.
TROUBLE REPORTED
MECHANIC | MISSED TRIPS | CHANGED TO
] 3US NO.
1
NO. PSSGRS. DELAYED HOW MANY MIN. WERE PSSGRS. TRSFD.
8US REPAIRED CN ROAD TOWED IN

TROUBLE FOQUND:

REPAIRS MADE:

MECHANIC'S
SIGNATURE

FCREMAN'S APPRCVAL




LYNCHBURG

GREATER LYNCHBURG TRAWSIT COMPANY
DAILY FUEL AND OIL REPORT

OATE

3US O{eStEL MOTCR B80S OTeSEC UTOR
HIUMBER FUEL OIL NUMBER FUEL alL
561 615
562 | 700 !
63| 01 |
364 é 702 i

| ! ! ]
365 703 | |
566 #1 OIL PUMP
605 £nd. Meter Reading
501 3eg. Meter Reading
602 Total Issues
503 #2 QIL Pump
804 tnd. Meter Reading
605 Beqg. Meter Reading
606 Total [ssues
607 #3 0IL PUMP
508 End. Metar Reading
509 Beg. Metar Reading
510 Total Issues
511
512 DIESEL FUEL READING
513 | END. METER READING
614 BEG. METER READING
615 TOTAL ISSUES

F-32



LYNCHBURG

DATE COACH NO.

Daily Service Card

A. M. REPORT

NAME OF OPERATOR

P. M. REPORT

NAME OF OPERATOR

EACH OPERATOR MUST MAKE HIS OWN REPORT



LYNCHBURG
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LYNCHBURG

GREATER LYNCHBURG TRANSIT CO.
WEEKLY INSPECTION

BUS 4 DATE

BODY DAMAGE: LIST ALL, INCLUDING SEATS AND BUMPERS

CONDITION QF INTERIOR:
CLEAN DIRTY

TRANSMISSICN: FULL YES NO NO. QTS. AQDED

CHECX FOR LEAKS

oIL FULL  VES N0 N0. QTS. ADDED

CHECK FOR LEAKS

WATER FULL YES NO AMOUNT ADDED

CHECK FOR LEAKS

CHECK ANTIFREEZE IN WINTER PROTECTED TO + ° - 0
LIGHTS: 0.x. NO. OF LIGHTS OUT
3RAKES: ADJUST ALL CHECK CLEARANCE BETWEEN SHOES AND DRUM. MUST BE FREE

LIST CONDITION OF:

LINING Good Fair Need Replacing

DRUMS Good Fair Need Turning Need Renlacad
A0SES Good Fair Need Renlacing

3ATTERIES:

CHECX SPECIFIC GRAVITY. REPLACE ANY 3ELO4 1250, OR IF CILLS SHOW WEAK.
USE GO0D FULLY CHARGED BATTZRY 3EFORE YSING NEW ONE.

MECHANIC SIGNATURE

bo o
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LYNCHBURG

Greater Lynchburg Tramsit Co.
ROAD CALL REPORT

Oats of tncident . Time b

i of inei ) Direction: of Sus

Bus Mo, ~ Routs Opor

Trouble lepc ‘tad:

Time Shou Arrived on Scene: “

Trouble Fouad:

Date Correctad:

Qeher Informarisn:

Signed

F-36



CHARLOTTESVILLE

Page No.
Date
vehict F Quarts .
enmcie Mileage uel Gatlons ) Crivers  Gignatuse
Number Code {0it) -
7 ;
; i
H 1
t |
z ]
| 3
]
:
Control
total
Keypunch
totqi
i 1
“uel Codes: Reguiar = ! ’ -
Unieaded Requiar= 2 Reguior | Unieaded | E:hyt Diesel
Ethyt = 3 | |
Dieset = 4 PM | |
Reading i
AM i . Pumos
Reading i l Totat
T : { i
Totals ! ! ‘ !\
N H
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CHARLOTTESVILLE

7Y T
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3us
204

CHARLOTTESVILLE

DAILY STATUS

SHEET

DATE

805

806

807

208__

809

g1a

811

812

813

814

815

0
-
o

817

F-39



PETERSBURG

PETERSBURG AREA TRANSIT

MILEAGE—~GAS—QIL—SUMMARY
DaTe

8US NO.

l

MILES DIESEL OIL |[TRANS. | PTO FLUID 7BUS NO. MILES GAS

TRANS.

30

i 52

ST

TOTAL

. j

"ETER READINGS

CLosInG

OPENING

ToTaL Used

F-40



PETERSBURG

PETERSBURG AREA TRANSIT

Work ORDER

Date Bus No. .
! |
No. Parts i NDESCRIPTION NF WORK DONE | Parss Cosc
| |
i '
|
i : i
i 1 T
i ‘ :
1
|
| |
i
& |
]
T A
f |
! !
- l :
i
i ;
- 1 p !
i :
! |
; 1
4‘ )
i |
' i
T ! |
i |
1 i
WORK DONE 8Y: APPROVED BY:
F-4]
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PETERSBURG

ROAD CALL REPORT

Time

Date: Called

Operator

Bus No.

Line

Trouble Reported

Parked At:

Meet At:

Time Due:

Received By:

Bus Out Bus In

Time Out Time In -

Call Made By

Remarks as to Repair in Shop

(Tumm in te Office Daily)



PETERSBURG

TRI-CITY COACHES, Inc

Trouble Report

DATE _ Bus. Na.

OPERATOR

CHECK AND EXPLAIN BELOW

BRAKES STEERING
DOORS TIRES
LIGHTS WHEELS
MOTOR BOODY
SEATS WINDOWS
FAREBOX QTHER

EXPLANATION

USE BACX !F NEZDED

F-43
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