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CHAPTER 1
PROBLEHM

Statement of the Problem

The goal of the Air Force Motor Vehicle Program is to
provide effective support to Alr “orce organizations at
mininum overall cost. To accemplish this goal, it is
necessary that vehicles be scheduled for replacement at such
a time as to minimize total cost ol ownership. To minimize
costs of ownership and operation, it is desirable that the
Air Force procure replacements for only those vehicles which
are no longer cconomically retainable.

P'he veuicle replacement coding system for commercial
general purpose vehicles was developed in 1962. The data
and experierce which were available at that time were
limited; thercefore, the factors which were developed were
somcewhat arbitrary (20). With the advent of new maintenance
and utilization reperts, data may exist to provide an eval-
uation of the quality of the commercial motor vehicle

replacement coding system,

IRt

Definition of Terms

a A

Throughout this thesis references are made to criteria,

variables, ana factors. For the puipose of this thesis a

criterion will be -onsidered as a standard, rule, or test

S A i L NS . it




used to form a decision to keep or replace a vehicle. The
criterion is composed of two parts, a variable and a factor.
Ir this thesis, the variable is defined as an attribute
which may assume a succession of values which need rnot be
constant. Examples of such variables that will be fre-
quently mentioned are age, mileage, and one time repailr
limits. A factor will be the value or coefficient assigned
to a variable. An example of a factor which would be used
with the variable "miles" is 72,000. The factor and vari-
able combined (i.e., 72,000 miles) form a criterion.

In addition, numerous references will be made to the
economic life span of a vehicle. As used in this thesis,
the economic life span of a vehicle refers to the period of
time that g vehicle can be operated with a continual decline
in the vehicle's average annual cost. In other words, the
econonic life span of a vehicle will start when it is new
and end at such time that its average annual costs change
from a decreasing trend to an increasing trend. Annuel
costs include all cousis associated with the ownership of the

vehicle such as depreciation, operation, maintenance, down-

time, etc. Figure 1-1 illustrates the economic life span of

a vehicle.

Background

The rcplacement program for motor vehicles within the

military services has been subjected to close scrutiny, both

from within the Department of Defense and by Congress. For
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example, during the Department of Defense Appropriations
Hearings for 1968, Congressman Robert L. F. Sikes (Florida)
expressed Congressional concern by stating: "I question
whether the services are getting as much wear out of a
vehicle as they could [45:104])."

The USAF Auditor General has also expressed concern
regarding the replacement criteria for motor vehicles. In
a report of audit conducted in 1967, the Auditor General
criticized the use of age as a replacement variable. He
recommended that mileage and maintenance costs be considered
the primary variables for ascertaining vehicle replacement
requirements (35:Tab A2).

The USAF Inspector General summarized the problem in a

report of inspection conducted in 1970 (41:3) by stating:
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For scveral years, congressional committees have
not been convinced that the Air Force vehicle
requirenents computation methods were reliable.
As a rcsult, buy programs have been subjected to
reduction, partialily because AFLC and the Air
Staff had not defined any clear-cut criteria or
logic for determining vehicle reguirements.

The replacement criteria currently utilized evolved
from a Department of Defense (DOD) Ad Hoc Committee report
in 1962 which provided an age and mileage variable for each
major type of motor vehicle (e.g., sedan, pickup, ambulance,
etc.). Unfortunately, the source data available to estab-

lish the basic variables and factors were extremely limited

and, as a result, the criteria developed were arbitrary (2C).

The results of the DOD Ad Hoc Committee of 1962 formed
the basis of Department of Defense Instructiun (DODI)

4150.4, Replacement and Rerair Cuidance and Life Ixpectan-

cies for Commercial Design Vchicles, dated 5 April 1963,

which prescribed specific replacenent criteria for various
types of commercial vehicles (see Table 1-1 for selected DOD
life expectancy years and miles for commercial design
vehicles) (44:Table I).

The Air Force implemented the DOD Instruction by pub-
lishing Air Force Technical Order (T0O) 36A-1-70, Maximum

Repair Allowances, Condition and Management Codes for USAF

Vehicles, on 10 June 1964. In TO 36A-1-70, the Air Force
established four replaccment codes ("A" through "D"). The

proper code was to be asiigned to each vehicle to indicate

its condition as follows:

T .
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Table 1-1

SELECTED DOD LIFE EXPECTANCIES

o

Vehicle Life Expectancy é
Type Years Miles 5
Sedan 6 72,000 1
Bus, 37 passenger 8 84,000 éé
Pickup Truck 6 72,000 %,
Ambulance 8 60,000 %7
Truck Tractor, 10 150,000

24,000-44,500 pounds

SOURCE: USAF TO 00-25-248, Maximum Repair Allowances,
Replacement CoZcs an. Priority Buy Program for
USAF Vehicles, 22 January 1973.

Code A: Used to identify a vehicle eligible for

immediate replacement because cone or any
combination of the three replacement
criteria had been exceeded.

Code B: Used to identify a vehicle eligible for
replacement within one year because of
exceeding the age or miles criterion.

Code C: Used to identify a vehicle eligible for
replacement within two years because of
exceeding the age or miles criterion.

] Code D: Used to identify a "new" or "like new"

] vehicle which had over two years of life

1 remaining [37:6]).

;

] The technical order also provided a series of tables
for each type of vehicle which prescribed the maximum amount

3

i of fundse

"

that could be expended at any one time for che

repair of a vehicle.

R

Each table provided an allowance factor
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baséd on the age and miles accumulated by that vehicle. The
appropriatc cllowance factor was selected by determining
which variable (age or miles) provided the smaller factor.
The allowance factor was multiplied by the acquisition ccst
for that vehicle to determine the one time repair limit. The
frllowing example describes the repair allcwance table and

provides calculations fcr a light sedan.

EXAMPLE: A light sedan has a life expectancy of six
years and 72,000 miles. The maximum one time repair
allowance factors for the light seaan are:

Accumulated Age (years): 1 2 3 4 5 6

Accunmulated Mileage
(thousands): 12 24 36 48 60 72

Maximum One Time Repair
Allowance Factor: 83% 67% 50% 33% 17% 5%

In the fifth year, only $476.00 should be spent on a
sedan bcsed on a unit cost of $2,300, provided the
mileage criterion had not been exceeded. For a four
year old vehicle which has accumrlated 72,000 miles,
only $140.00 would be allowed for onej time repair
(i.e., .05 x $2,800). All costs, direct and indirect,
are included in the expenditure consifieration. Direct
costs are those material and labor ejvpenses which can be
identified to the repair of a sr.ciigc vehicle.
Indirect costs for this vehicle incliide a proportionate
share of expenses associated with tlfe repair process,
but cannot be directly attraibuted t? any specific
repair job [16]. 4

Until 1967, exceeding any of the thrce replacement
criteria of age, miles, and one time repair limit contained
in TO 36A-1-70 was sufficient justification to assign code

"A" to a vehicle (15). In 1967, Headquarters United States

Air Force (HQ USAF) (36) directed that vehicle replacement
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would be accomplished in the following order of priorities:

Priority I: This priority would identify those I
vehicles which had exceeded any combi- i
nation of two elements or replacement E
criteria (i.e., age and miles, age and

one time repair, or miles and one time }

repair)}.

Priority II: This priority would identify those
vehicles which had exceeded the one
time repair allowance.

Priority III: This priority would identify those

vehicles which had exceeded either the
age or the miles criterion.

The Air Force pclicy then included only those vehicles which

had exceeded two of the three criteria as part of the budget

request to Congress.

et et ot it ettt e e £

Brigadier General A. A. Riemondy, Director of Supply
and Services, Deputy Chief of Staff for Systems and
Logistics, HQ USAF, explained to the House Appropriations
Committee that the Air Force had calculated vehicle replace-
ment requirements for the past two years by applying two of

the three criteria at the same time rather than just letting

one of the criteria prevail. When questioned further the
following year by the House Appropriations Committee,
General Riemondy stated that the Air Force had realized

savings in excess of $22.8 million since the procedure had

begun three years earlier (46:471; 47:542).
In 1968 and 1969, Congress requested that additional
detail be provided as part of the justification for funding

the Air Force budget request for motor vehicles. 1In essence,




Congress asked for the specific reasons that the "A" coded
vehicles had to be replaced. To secure the regquired data,
it was necessary for HQ USAF to request that each command
identify how many vehicles met each of the replace criterion
establisked. To identify the specific criterion necessi-
tated a more extensive and ceostly definition process than
had been required under the three priorities for replacement
estairlished in 1967 (18).

In consideration of the requirement by Congress to
identify specific reasons for replacement, the Air Force
stratified the four replacement codes ("A" through "D") to
a system of 16 codes. See Table 1-2 for a comparison of the
old and the new replacement codes (37:6; 38:5-1). The strat-
ified coding sysiem not only permitted the Air Force to pro-
vide the necessary detail to Congress for budget justifica-
tion, but it also provided a more detailed evaluation of the
Air Force motor vehicle fleet for management purposes. The
new coding system was formally implemented by the publishing
of the revised TO 36A~1-70 on 15 July 1970.

In 1971, the Air Force began to experience the impacts
of the previous Air Force policy of replacing only those
vehicles which met a combination of two of the three replace-
ment criteria. An analysis by the Air Force Logistics
Command (AFLC) during 1972 revealed that support costs for
the vehicle inventory had significantly increa:ted between
Fiscal Year (FY) 197! and FY 1972, Support costs for the

commercial general purpose portion of the USAF fleet, for

i
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Table 1-2

COMPARISON OF OLD AND NEW (STRATIFIED)
REPLACEMENT CODES

01d Codes

A -- Replace immediatcly,
~ has excecded one or
more of the three

replacement criteria.

B -~ Replace within one
year.

New (Stratificd) Codes

Replace immediately, has
exceeded all three
replacement criteria.

Replace immediately, has
exceeded both age and one
time repair limit.

Replace immediately, has
exceeded both miles and
one time repair limit,

Replace immediately,
exceeds the one time
repair limit.

Reserved for special
reporting.

Replace immediately,
obsolete.

Replace immediately, has
exceeded both age and
miles criteria.

Replace immediately, has
exceeded the age
criterion.

Replace immediately, has
exceeded the miles
criterion.

Replace in one year, will
exceed both age and miles
criteria.

Replace in one year, will
exceed the age criterion.

Replace in one year, will
exceed the miles
criterion.

s o e b el
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Table 1-2 (Cont)

C -- Replace within two N -- Replace in two years,
ycars. will exceced Loth the age i
and miles criteria,

P -- Replace in two years,
will exceed the age
criterion.

Q -- Replace in two years,
will exceed the miles b
criterion.

D -- Over two years life R -- To be assigned when:
remaining.
(1) Codes A through Q
do not apply.

(2) A vehicle has been :
repaired by depot P
" level maintenance.

(3) A vehicle has been
remaaufactiis .a with
a4 new registration
nurbey,

SOURCE: USAT TO 36A-1-70, Maximum Rcwvailr Allowances,

leplacement Cocdes and Pricrity Buy Prouioi for
USAF Venicles, 10 Ju.ac 1964 and 2¥ January 1973.

example, had increased over $§110.00 per vehicle in the time
period analyzed. Expanding that average increase overx the
entire Air Force vehicle fleet, there was an increase of over
$10.5 million in vehicie support costs in one fiscal year

alone (39:5). Therefore, beginning with the FY 1972 Pro-

curement Program, the Air Force returned to the previous
policy of considering a vehicle =ligible {or replacement
when only one of the three criterion was exceeded.

After over two years of experience with the stratified

replacement codes, the Air Force Jdetermined that additional
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codes would be nccessary to provide identification o

specific periods in a vehicle's life. As a result, a-tion

was initiated in 1973 to restructure and adl the following

" codes:

Code R:

Code S:

Coc.> T:

Ccde U:

Score

Assigned when a vehicle has reached one--half
(mid-life) of its normal life expectancy for
either the age or the miles criterion.

Assigned to a vehicle which has been revaired
by depot level maintenance. The vehicle will
remain in this code for 48 monthe, at which
time it will be assiqned the applicable code
based on the accunulated age, miles, or repair
costis.

Assigned when codes A through S or code U do
not apply.

Assigned to a vehicle which is undexr war:.anty,
either from the original manuvfacturer or the
Air Force rermanufacture rrogram. Upon «nrpira-=
tion of the werranty, the vehicle will Lo
assigned the pi:ner code commensurate witih the
a.cumulated age and miles [34].

For the purpose of this thesis the term commercial

general purpose vehicle will be used to describe a vehicle

designed by the mmanufacturer as a production model for com-

petitive commercial sale and usage. A commercial vehicle is

buist to the manufacturer's specifications and is purchased
P

by the 2ir Force without major changes to the manufacturer's

general specifications. For consideration in this thesis the

term general purpose vehicle will be limited to vehicles

weighing less than 12,000 pounds and will not include special

purpose vehicles. Special purpose vehicles are vehicles




12
designed specifically to meet a special military require-
ment, such as aircraft towing tractors and fuel servicing
vehicles. Also excluded from this study are fire cighting,
materials handling, and base maintenance vehicles,

The 15 May 1974 Air TForce motor vehicle fleet consisted
of 96,500 vehicles with a value of over $1.046 billion (16).
Within the 96,900 vehicles were 61,252 commercial general

purpose vehicles, Because of size and multiplicity of Lypes

in the commercial general purpose vehicle category, the

T
| .

rescarchers selected for analysis the light sedan, station i
wagon and the pickup truck. The licht sedan, station wagon E
and pickup truck constituted 33% of the commerxcial general

purposc vehicle category and were used by all commands in

all climates (16).

i i Sk s s e R i et e

The scope of this thesis was originally limited to

determining an optimal replacement point or the vehicles'

FTENR 1 L P

economic life span based on average annual cost. The ;
researchers recognize that other areas must be considered , %
to determine an overall optimum (i.e., maintenance manning
and facilities, spares availability, reliability). These
other areas will be addressed in evaluating the research

hypothesis.

Objectives
The riinary purpose of this thesis was to determine the
validity of the current replacement criteria for commercial

general purpose motor vehicles within the Air Force., The

specific obectives were:
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1. To determine what variables, factors, and analyti-
cal equations government and non-government activities
employ as indicators to determine motor vehicle replacement
requirements.

2, . To develop the optimum combination of variables and
factcrs to determinc motor vehicle replacement requirements.
3. To detcrmine if the Air Force is employing the

optimum cembination of variables and tactors to identify

motor vehicle replacement requirements.

Research Question

What variables and factors do government and non-
government activities employ as criteria to determine motor

vehicle replacement requirements?

Research Hvnothesis

The Air Force does employ the proper combinations of
variables and factors to determine motor vehicle replacement

requirements,

Methodology

Data for the research question was collected from
several different types of motor vehicle fleet managers.
The sources were not intended to be random samples, nor
necessarily statistically representative but were, as judged
by the researchers, typical of the various types of activi-
ties using fleets of commercial general purpose motor

vehicles, These data consisted of variables, factors,

analytical equations, and procedures used by the activities

el

Lt




14

that responded to the rescarchers' request for information.

The data for the research hypothesis were obtained from
HQ AFLC. These data were accumulated as the result of the
testing of the Vehicle Integrated Management Reporting
System (VIMS) irn the Air Force Logistics Command and the
Air University Command. These data consisted of vehicle
mileage, age, maintenance cost, down time, operating costs,
vehicle down for parts (VDF) time, vehicle out of commission
(VOC) time, and direct labor hours.

Chapter I1 describes the procedures planned in obtain-
ing the data for the research question and its analysis.

Chapter III describes the data received in response to
the request sent to the various activities to answer the
research question.

Chapter IV describes the procedures used in evaluating
the research hypothesis and the results thereof.

Chapter V summarizes the results of the research
question and research hypcthliesis and presents the conclu-

sions drawn from the resultis, as well as recommendations

made by the researchers.

ekt b




CHAFTER II

RESEARCH QUESTION PROCEDURES

General
This chapter will descrihe in detail the methodology

and data sources used by the researchers in evaluating the

research question.

Research Question

What variables and factors do government ané non-

government activities employ as criteria to determine motor

vehicle replacement requirements?

Dala Reuguired

The research guestion was intended tc be used to obtain
data with wiaich to evaluate the research hyp&thesis. It was
the intent of the researchers that these data consist of the
procedures, analytical equations, variables, and factors used
by government and non-government activities to determine
commercial motor vehicle replacement requirements.

In this thesis, the v riable is defined as an attribute
which may assume a succession of values which need not pe
constant. Examples of such variables that will be fre-
quently menticned in this thesis are age, mileage, and one

time repair limits. A factor will be the value or
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coefficient assigned to a variable by which the variable and
factor combination form a criterion. For example, the
facter of "72,000" is combined with the variable "miles" to
form a criterion "72,000 miles." An analytical equation is
an expression of the relationship of selected factors and
variables which produces a mathematical result. A procedure
is the methcd or manner in which the activity proceeds to
apply and process the variables and factors to determine

when a vehicle should be replaced.

Source of Data

It was not the intent of the researchers to obtain a
random sample of the procedures utilized by all activities
using commercial general purpose motor vehicles, The intent
was to obtain some idea of the procelu.es and variables used
by several different types of motor vehicle fleet managers.
The sources selected were, in the judgment of the
researchers, typical of government and non-government
activities using fleets of commercial general purpose motor
vehicles. In order to provide for different usage rates and
climatic conditions, the researchers selected varied types of
activities in all paris of the continental United States
(see Appendix A ror the states selected by region). Requests
for data were dispatched to municipalities, taxicab com-
panies, rent-a-ca.: agencies, utility companies, professional
fleet management agencies, airline companies, and research

activities. Government agencies which were contacted for

i, o,k el
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information included the General Services aAdministration
(GSA), the United States Postal Service (USPO), and the Ohio
State Department of Transportation. The four automobile
manufacturers were also requested to provide literature which
they might make available to fleet managers to assist in the
determinction of motor vehicle replacement requirements,

The list of the 40 activities from which vehicle replacement

information was regquested is found ir. Appendix B.

Nature of Data

The data gathered to evaluate this research question
consisted of procedures, variables, and factors used by the
selected activities to determine mutor vehicle replacement
requirements., In addition, supportive data in the nature of

studies and histcrical reports were also provided by some

respondees.

Planned Analysis of Data

The data received from the sources referernced in
Appendix B were thoroughly screened and categorized to deter-
mine if there were any common variables, analytical equa-
tions, and factors. Once the data was categorized, tables
comparing the variables and factors used by the Air Force and
the variables and factors used by other activities were pre-
pared. As previously mentioned, the researchers' intent was
to list and analyze the various analytical equations pro-
vided by the various activities, giving a complete

explanation of how the equation was used. As shown in
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Chapter III, the researchers obtained only two such
analytical equations, one of which could not be disclosed
and discussed due to proprietary rights. The other, pro-
vided by Public Technology, Inc., will be addressed in
Chapter 'TII. The information contained in these tables was

intended to be used to evaluate the research hypothesis.
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CHAPTER III

MOTOR VLEHICLE REPLACEMENT TFROCEDURE ANALYSIS

Background

As defined in Chapter I, the economic life span of a
vehicle is that period of time that a vehicle can be oper-
ated with a continual decline in the vehicle's average
annual costs. 1n the environment of the Federal Sovernment
the annual costs associated with the ownership of the
vehicle may include such considerations as depreciation,
operations costs, maintenance costs, and down time.

During the life of a vehicle these costs may vary
acceording to different patterns--some increasing, some
remaining relative stable, and others decreasing through
time. As a group, they comprise the annual costs of the
vehicle and it is this annual cost that is Applicable to the
determination of the economic life span of the vehicle and
the determination of when the vehicle should ke replaced.

One source used by the researchers quite appropriately
addressed the relationships between these costs:

Concentration upon one or the other of these cost
elements without considering the total will most
likely lezd to a situation in which the equipment
manager is suboptimizing, i.e., choosing replace-

ment lives which lead to lower costs in ons or

more of the clements but result in higher over: "1
costs [29:2].
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It is not uncommon in government activities, whether

U U —

they are Federal, State, or Local City Governments, to find
it easier to obtain operation and maintenance funds than it
is to obtain a large capital outlay of funds for vehicle
replacement. Therefore, the manager 15 often forced into
the situation of suboptimization as described above. This
situation is extremcly unfortunate when in actual practice,
the reduction in capital expenditures may be overbalanced
by the rapidly escalating costs of maintenance, downtime,

and obsclescence which result from holding equipment beyond

its economic replacement point.

General |

With this brief background, the researchers' f'rst task
was to oktain information from other activities as co how
they addressed these cost relationships. Thercfore, the
remainder cf this chapter will address the research question
portion of this thesis. "What variables and factors do
government and non-government activities employ as criteria
to determine motor vehicle replacement requirements?”

The researchers believed that it was first necessary to
use this procedure to obtain necessary data with which to

evaluate the research hypothesis. The intent was to obtain

data consisting of procedures, analytical equations, vari-

akles, and factors used by government and non-government
activities to determine commercial motor vehicle replacement

requirements.
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Data Description

The scope of the thesis was limited so Lhat the term
commercial general purpose vehicle described a vehicle
available from competitive commercial sources and was
restricted to a weight of 12,000 pounds or less. The term
general purpose vehicle excluded special purpose, fire
fighting, materials handling, and base maintenance vehicles.
To further limit the scope of the thesis, the universe
selected was limited to the light sedan, station wagon, and
pickup truck types of vehicle which constituted 33% of the

commercial general purpose vehicle category (16).

Data Source

As previously discussed in Chapter II, it was not the
intent of the researchers to obtain a random sample of the
procedures utilized by all activities, but to obtain some
idea of the prociuures and variables used by several
different types of motor vehicle fleet managers. The
activities selected were believed by the researchers to be
typical of government and ncn-government activ....'s uiing
fleets of commercial general purpose motor vehici... As
previously mentioned, the researchers selected varied types
of activities in all éarts of the continental United States
(see Appendix A for the states selected ly region), so as to
provide for different usage rates and climatic conditions.

Requests for information were sent to 46 government and

non-government activities of which 25 responded with varied

: ot it
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types of data and information. 1In addition to those

activities contacted by letter, the rcecsearchers made tele-

phone contacts with four additional activities which were
able to provide supplementary data. See Table 3-1 for-a
detailed breakdown of the activities contacted and responses
received. The list of the activities from which vehicle
replacement information was requested is found in Appendix B.

As a result of the researchers' requests for data, some

activities provided the names of additional organizations
that might be able to provide some assistance. Therefore, 1
additional letters were sent and telephone contacts were |

made with these activities.

Nature of Letter Sent

il

The leiters forwarded to the activities explained the

purpose of the thesis being undertaken, the purpose of the

T ks A ot b

information, the type of data requested and how the data

o

would be used by the researchers. A sample of the general

type of letter used is found in Appendix C. This letter was

R P PIIRTPT W

slightly modified as necessary to be appropriate for the

agency addressed.

DPata Received

It was originally hoped that the data received from the
selected activities would consist of procedures, analytical
equations, variables, and factors used by the activities to
determine vehicle replacement requirements. It was alsc

anticipated that supportive data in the nature of studies
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and historical reports would be provided by some of the
respondces.

As illustrated in Table 3-1, é?% of the addressees
responded to the researchers' request for information. Of
those that did respond, 59% (28% of the activities
addressed) provided positive responses, that is, indicated
that their procedures were either objective or subjective
and could be documented to the extent that they were of
assistance in the evaluation of the research question. The
other 41% of the respondees indicated that they had no
procedures or that their procedures were so subjective that
no attempcs were made to explain them to the researchers.

Only two of the respondees that actually operated a
fleet of vehicles indicated that they had a definite
procedure that they followed in determining their vehicle
replacement requirements. The other fleet operators either
let the determination Le made by the maintenance personnel
or the departmental personnel to which the vehicles were
assigned with only rough gquidelines sec¢t for criteria and
variables. The variables used by the respondees, either in
set procedures or guidelines, are illustrated in Table 3-2.

As shown in Table 3-2, there appeared to be very little
similarity in the variables and factors used by the various
activities. For example, none of the government activities
that responded used the same factors. While there was some
similarity in the ages of the vehicles, the miles used and

consideration of cther variables varied considerably. There
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Table 3-2
VARIABLES/FACTORS USED BY
RESPONDEES i
VARIABLES
MAINT/OPER | DCWN | OBSOLES- T
ACTIVITY AGE/YRS MTLES COST TIME CENCE TYPE OF VEHICLE
- ,
|
GOV'T:
AF € 72X * Sedan, station
wagon and
pickup
GSA 6 60K * Sedan and
pickup
US POSTAL DEPT 6 42K . 1/4T pickup !
1 4 96K 1/2T pickup X
OH DEPT TRANS. 3 65K Sedan g
4 Pickup
AUTC MPR'S RO VARIABLES OR CRITERIA PROVILED
AUTO LEASING 1 25K 1.44¢/mi.
2 40K | 1.44¢/mi.,
AIRLINES:
A NO VARIABLES OR FACTORS PROVIDED
B . * All
MUN1CIPALITIES:
A L3 50K Sedan
7 70K Pickup
B 6 60K * hd » Sedan .
5 60K . . » Pickup .
c S 60K . Sedan
8 60K . Pickup
UTlL. CO. 1-8 85K 2-3¢/mi. . Sedan
? 100K * . Pickup
TAXICAB CO. DRIVER OWNED AND MAINTAINED
RESEARCH ACT.
A . . hd All
B L ] L ] L 4 - L ] All
AUTO/FLT MGT ACT
ALL * » [ ] All
¥ Identified as used but no factors given.
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appeared to be closer similarities among the three munici-

palities, A, B, and C; however, this can be partially
explained by the fact that two of the municipalities are
using information and guidance provided by two of the
research activities contacted, American Public Works
Association and Public Technology, Inc. The American Public

Works Association and Public Technology, Inc., prnocedures

and information are further discussed in a later section of

this chapter.

Review of Responses

The primary thought behind soliciting information from
fleet managers throughout the nation was that the
researchers believed that in all probkability the major
commercial and major municipalities fleet operators would be
using some management science method of determining when to
replace their vehicles. It was also believed that some of
the zactivities would have sufficient experience such that
they would be able to provide some vehicle historical data,

policies, procedures and recommendations as to how their

programs could be improved. So that the contacted activities

wouldn't believe that this information exchange was strictly
a one way flow--from them to the researchers--copies of the
abstract of the thesis were offered those activities that
provided assistance. _

Contrary to expectations, very few of the fleet opera-
tors, excluding research activities and professional fleet

management agencies, that responded had any scientific
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method of determining their vehicle replacement require-
ments. Most activities had only rough guidelines such as
approximatcly six years age, approximately 60,000 miles, and
some consideration given to maintenance costs, downtime, and
obsolescence. These yuidelines were strictly informal and
applied only when and how the particular individual making
the determination believed applicable. No formal pro-
cedures were documented, so there was never any assurance
that the same variables, criteria, or factors were used
from time to time. The research activities and professional
fleet management agencies contacted seemed to have a good
grasp on the management science methods of vehicle replace-
ment determination.

A more detailed review of the responses by type of

activity will be provided in the following sections.

Government Activities

The U. S. Postal Department has established scme pro-
cedures in their Postal Service Handbook M-2 for the
replacement of postal vehicles which are very similar to
those currer'’ly used by the air Force, i.e., life expectancy
of six years, mileage expectancy of ,2,000 miles with repair
costs limited by a percentage of the v - hicle contract price
according to age in years (48). Motor vehicle replacement
standards published by the General Services Administration

(GSA) indicate that, "Passenger cars and station wagons may

be replaced when they have been operated for six years or
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60,000 miles whichever occurs first ([14:3819]." GSA did
not indicate that any other variables were used nor that
any cost relationships were used in conjunction with these
criteria. Likewise, the Ohio Department of Transportation
indicates that they use years of use and mileage as guide-
lines but do not indicate any other variables or cost

relationships (24).

Automobile Manufacturers

The autonobile manufacturing companies were addressed
with the idea that they may accomplish a certain amount of
operations research in an effort to assist fleet managers
in the determination of the optimum time to replace a
vehicle. It was found that of the companies thal responded,
none provided the service mentioned nor did they have any

information in this regard (1;11;13).

Automobile Leasing Agencies

The automobile leasing agency that respondec¢ indicated
that they usced mileage as the prime consideraticn for
passenger car replacement with secondary considerations

given to age and maintenance costs. If was noted, however,

that consideration was not given to retaining a vehicle over
two years of age (22). Even though the researchers previ-
ously believed that the response from the lcasing agencies
would be similar to this, due to the leasee's interest in
cosmotology and body style currency, the researchers

believed that research of this nature would not be complete
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without having made such contacts.

Airlines

Of the two airlines that replied, one indicated that
they had no set criteria and replaced each vehicle based on
a generél subjective observation of its condition, age, etc.
(8). Eastern Airlines indicated that they were working
toward a computerized data collection system which would
include a vehicle replacement program. At the time of their
letter, however, they were required to operate with what
they considered as an unsatisfactory replacement method that
was based primarily upon subjective inputs f{rom local
management with little or no objective criteria for
replacement (10).

The prcgram that Eastern Airlines wus in the process
of establishing was designed to provide:

1. Accurate replacement forecasts for each motorized
vehicle.

2. A basis for accurate budgeting of capital funds for
ground equipment replacement programs.

3. A sound basis for replacing vehicles at the most
economical period, thus reducing overall vehicle maintenance

costs. (See Appendix D)

Taxicab Companies

The taxicab company that responded indicated that the

|
|
|

vehicles were owned and maintained by the operators.

Thercfore, they did not have any information that would bhe
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of assistance (4).

Utility Companies

None of the utility companies indicated that they had
any procedures in writing so that the replacement determina-
tions could be made objectively. Some of the respondees did
indicate that they used maintenance costs, dependability
(which is particularly important when responding to storm

damage), and further subjective evaluation by their mainte-

nance personnel (17:19;23).

Municipalities

One of the municipalities that responded indicated that
they did not use any procedures other than the subjective
opinion of the maintenance personnel or departmental
personnel (7). One activity stated that they used mileage,
age. dependability, and the advice of the c¢ity department to
which the vehicle was assigned to determine their replace-
ment requirements (21). Again, however, the replacement
decisions were made subjectively and no procedures were
documented for any objective considerations.

The City of Seattle (31) advised that historically they
have used age and mileage as a "rule of thumb" method and had
found that maintenance costs accounted for app.oximately 25%
of the total ownership cost. They considered this 25% as a
small rise in costs which did not justify a complicated

method of determining optimum replacement time. At the time

of their letter, the City of Seattle was participating with
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the American Public Works Association (APWA) in developing
standards for defining and recording automotive costs with
the objective of creating a nationwide data bank that could
be used for comparisons. The APWA efforts will be addressed
in a later part of this chapter urnder Research Activities.
The City of San Francisco has developed a Recommended
Replacement Schedule for the various types of vehicles owned
by the city, which is generally accepted by their buvdget
authorities as being reasonable (32). Througlk their own
research, and the State of California Department of Public
Works, they have been able to verify that a general service
vehicle reaches its critical point at five years or 60,000
miles. They state that "At this point of service all
warranties have expired; the vehicle's dependability is

reduced, downtime increases, and major repairs are required

[Appendix E]."

Research Activities

In Research Project 70-1, the American Public Works
Association is developing a manual on equipment replacement
analysis. Thies project has concentrated upon the developr-
ment of local equipment management information systems as a
preliminary step to tﬁe establishment of a nationwide equip-
ment data bank (2). To insure that the data bank contains
accurate and valid data, APWA is establishing standards that
agencies must meet in order to input information to the data

bank. APWA states that "These ctandards will relate
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primarily to the definition of terms, establishment of
repair type (of vehicles) on which maintenance data arc
gathered, classification of vehicle types, and data bank
input formats [2]." When the data bank is established, APWA
will be able to provide requesting activities with vehicle
operating data and life cycle cost data (2).

Since this project had not been completed at the time
of their letter, the researchers were not able to further
pursue this endeavor. The researchers recommend that fur-
ther study and review of APWA Research Project 7C0-1 be con-
ducted to determine if the Air Force could benefit from
their findings.

In addition to the above works, APWA has published a

Special Report No. 37, Motor Vehicle Fleet Management, which

provides an:

--equipment management system based on standards
and exception reporting, standard interval main-
tenance, parts inventory and warehouse control,
physical and performance specifications, optimum
utilization and replacement, and instiumentation
to monitor performance and standards. It shows
how to plot capital shrinkage and operating,
maintenance, and downtime costs into a combined
cost that reveals break-even point, earnings
{savings), and replacement point [3:5].

Included in 2ppendix F is a reproduction of Chapter IX
of Special Report No. 37 which addresses motor equipment
replacement. The analytical model illustrated in the
referenced chapter gives weight to many factors that affect
the replacement decision.

The Public Technology Institute (PTI) has developed a
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vehicle replacement model. This model systematically
records the relevant costs which accumulate due to cpera-
tion, maintcnance, and vehicle depreciation; estimates the
typical costs of keeping and repnlacing a vehicle; and com-
pares a vehicle's pe.formance against norms or set standards
to detect exception (28:2). For this model the vehicles are
grouped into functional vehicle classes. The grouped vehicle
information is summarized to reflect past cost patterns
which show economic lifetimes for each vehicle class. The
model also calculates the anticipated economic lifetime for
each specific vehicle compared to that of the average
vehicle in its class and calculates the maximum amount of
funds that are economically feasible to be spent on a one
time repair action. The model provides the manager with the
necessary information so that he can set and administer
policies but will not make the final decision of whether to
retain the vehicle or replace it. This decision is left to
the manager after he has interpreted and applied his mana-
gerial judgment to the model's recommendations.

The Vehicle Replacement Package created by PTI consists
of five computer programs with associated documentation
(28:3):

1. A curve-fitting program.

2, An economic-lifetime program.

3. An evpense-trend comparison program.

4. A repair-limits program.

5. A depreciation curve estimation program.
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These programs are explained as follows (28:3-5):

The curve-fitting program (CURVEFIT) combines cost
date on similar equipment tc determine patterns in
operating and maintenance expense. These patterns

are updated periodically with the most current figures
available.

The economic-lifetime program (LIFETIME) combines
expense patterns with effective cost dAue to 1loss in
resale value (depreciation), to determine the point
in the equipment life cycle where rising operation
costs overshadow the loss in value. This length of
life is recommended as a replacement policy, since it
gives a minimum average cost per period (MACP),
usually expressed as minimum average annual cost. A
shorter life cycle costs more on the average due to
rising maintenance cost.

The trends comparison program (TRENDS) identifies
upcoming replacements and those vehicles which are
costing appreciably more or less than the average.

The repair limits program (REPAIRLM) produces tables

of econoric repair limits giving rules of thumb for
repair vs. replace decisions. A very real dilemma
arises when an older vehicle comes up for an unexpected
repair. Does its limited remaining life justify the
cost of the repair, or is the city better off getting
rid of the unrepaired vehicle and buying a new one?

If an upcoming repair will cost more than the cocre-
sponding limit value, a city is better off selling the
vehicle in its unrepaired condition.

The depreciation curve program (DPRCURVE) shows the
patterns of declining resale values indicated by actual
experience. These patterns again by vehicle type, are
used to establish the net cost due to lost value for
each possible replacement cycle in the LIFETIME Frogram.

The information flow process in the PTI Vehicle Replace-

ment Package is depicted in Figure 3-1.

PTI advises that since their program is relatively new
and is still keing tested by some activities, no single
activity is making full use of the progran. Several munici-

palities such as Seattle, Washington; Ventura, California;

and Delray Beach, Florida, are working with the program and
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have successfully loaded certain portions of it for use

(30) . Other municipalities, however, have started imple-
menting the programs but have been disappointed with the
immediate results due to the lack of vehicle historical data.
A PTI representative advises that before an activity
attempts to utilize this package, they must insure that they
have the necessary historical data on hand if they expect to
realize any immediate benefits.

Bell Laboratories has designed a computer model to aid
vehicle managers in the determination of whether to keep or
replace vehicles (6:1). This model is based on the more
applicable costs involved in acquiring, maintaining, owning,
running, and retiring a motor vehicle. In addition to
assisting in the decision to keep or replace a vehicle, the
model also has the capability to forecast the future costs
that will be experienced if the vehicle is retained as well
as the costs that would be incurred by a replacement vehicle.
These capabilities give the Bell Laboratories' program,
called Computerized Automobile Replacement Scheduling (CARS),
"added dimension as an aid in determining future capital and
expense resource requirements [6:1]."

The economic model developed by Bell Laboratories was
designed with the idea that it should contain all of the
costs that would be considered as applicable in the economic
life of the vehicle when determining if and when a vehicle
should be replaced. This would then allow the "manager to

evaluate alternative decisions concerning the rate at which
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vehicles are to be replaced on a vehicle group and on an
individual vehicle basis [6:2}." The model also assumes
that a retired vehicle will be replaced with a new vehicle
which will be used for the same purpose.

Costs that are included in the Bell Laboratories' model
include the amortized cost of a new vehicle, income tax,
repair costs, and running costs (6:4-6). If adequate histor-
ical data have been kept on record, the application cf these
costs to the model does not present any problem. However,
Bell Laboratories believes that only the amortization and
income tax costs can be accurately projected into the future
for the current or replacement vehicles. Bell Laboratories
believes that "The pattern of future repair and running costs
...are not as clearly defined" and therefore are much more
difficult to deal with (6:6). The CARS program, therefore,
offers two "ways of estimating the pattern of repair and
running costs for futui : replacement vehicles [6:6]."

The user may choose to allow the program to model the

past histories of vehicles that are still in operation

or have recently been retired and to use these esti-
mates for all future replacement vehicles, or he may
modify these models of past and current vehicle costs

to reflect an expected change in the operating charac-

teristics of new vehicles [6:6-7].

The CARS program is designed so as to allow various
quantitative analyses related to the replacement decisions.
These analyses include an analysis of the average economic

life of a vehicle, expected remaining lives of particular

vehicles, individual repair versus replace decisions, and

various sensitivity analyses for inflation rate, change in

-
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vehicle efficiency, and changes in the repair cost pattern

(6:7-11).

Bell Laboratories provided the researchers with an %

analytical description of the economic model, but due to the

.t sl il

fact that the model was still being developed and improved

by Bell Laboratories, proprietary rights prevented further

e s Tl

disclosure and discussion of the CARS program in this thesis.

If further information is required by the reader, contact
should be made with Operations Analysis Applications Group, L
Bell Laboratories, Halmdel, New Jersey 07733.

Dr, James Douglas, Associate Professor of Civil Engi-
neering, Stanford University (9:1), states that "When costs
are minimized to determine the economic life and time of b

replacement of public works equipment, those most often for-

gotten are for downtime and obsolescence." Even though by !
common sense alone it is obvious that these variables should %
be considered, they are often neglected. Dr. Douglas sug- !
gests (9:1) that perhaps the major reasons for their neglect
"is that they are somewhat intangible, hard to define, and

generally do not appear in the books of accounts.”

In this study of the effect of downtime and obsoles-
cence, Dr. Douglas found that the inclusion of these vari-
ables not only ‘ncreased the cost of ownership, but also

shortened the economic life of the equipment studies (9:12).

Automated/Fleet Management Activities

Of the seven automated/fleet management activities
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conéacted, five provided information that was helpful in the
accomplishment of the research question. Review of the
responses received revealed that the variables considered in
the replacement determination were basically the same as
those used by the Air Force, e.g., age, mileage, and mainte-
nance costs. In addition, they considered another variable
identifying resaleability.

A close review of the automated/fleect management

activities also revealed that their primary customers are

commercial activities that have fleets of automobiles for
salesmen, representatives, and executives. Consequently,
these activities assign a high priority to vehicle cosmo-
tology and body style currency as well as maintenance and
operating costs. With this emphasis on vehicle currency,

the activities replace their vehicles at approximately two
years of age and/or approximately 40,000 miles. Considering
these two variables, age and mileage, some automated/fleet
management activities also considered the time of the year
that a vehicle should be replaced so as to obtain the highest

resale value. To illustrate these points, Table 3-3 reflects

the recommendations that Peterson, Howell and Heather, Inc.
(PHH), Paltimore, Maryland, (27:3) provided in their
22 July 1964 newsletter to their clients concerning standard
and intermediate size cars.

While these recommendations were published under condi-
tions when an energy shortage was not a factor, the table

does illustrate the importance that PHH places on timely
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Table 3-3

L O T 1 ST (R

VEHICLLC REPLACEMENT RECO!UMENDATIONS
BY PETERSOM, HCWELL, & HEATHER, INC. 1964

Monthly Mileage  Annual Mileage

. Rate Rate Replace

2

i Over 3300 40,000 plus After 12 months, on
y

1

first birthday, but
limited to October,
November & December

2500

3300 30,000

40,000 18-month cycle =--
April alternating with
October, May with
November

2000

2500 24,000

30,000 After 24 months, on
second birthday

ol naadl)

1500

2000 18,000

24,000 30-month cycle =--

April alternating with
October, May with
November

1000

1500 12,000 18,000 After 36 months, on

third birthday

Less than 1000 Less than 12,000 After 48 months, on
fourth birthday
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reséle value, age, and mileage kelow 50,000. Subsequent to
the energy shortage, PHH has made sume temporary changes to

the above policies so as to allow for unstable conditions

B il e

Lbat

until such time that economic conditions once again stabilize

to a certain degree.

I —

Summarx

The results from the inquiries described in this chapter

ot ot Rl

did not provide the information expected by the researchers,

oot P00 1 stk 0 !

The replies did reveal several somewhat surprising findings,
however.

The researchers believe that it is quite significant 3
that a very small fraction of the municipalities, utility ¢ 3
companies, or commercial fleet operators, other than the
professional automated/fleet management activities, employed

any economic analysis methods to objectively determine when

their vehicles should be replaced. While a few activities
were in the process of generating historical vehicle infor-
mation management data, fewer yet were anywhere near the
implementation of an objective system. Most activities con-

tacted wer> using some type of substitute methods which

R

considered age, mileage, and the mechanics' subjective

analysis, with the moét weight being applied to the latter.
The most valuable information was received frou the

three research activities contacted. Each activity had an

aggressive operation and was very willing to share their

knowledge, experience, and mathematical findings with the
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researchers. The analytical models provided a systematic
and objective economic analysis of the replacement versus

continued operation question.

With the emphasis that the automated/fleet management
activities placed on cosmotoloyy, body style currency, and
resaleability, the researchers believed that the information
provided by these activities was of very limited use to “he
evaluation of the Air Force vehicle replacement procedures.
While the 2ir Force is concerned about the outside appear-~
ances of thelr vehicles, it places very little importance
on whether or not the body styles are the latest. The Air
Force is also concerned about the resaleability of the
vehicles, but to date has not placed the emphasis in this
area that is currently being applied by the automated/fleet
management activities.

Although the research question did not provide the
analytical equations and techniques expected by the
researchers, it does show that many activities do use the
same variables that have been used by the Air Force, i.e.,
age, miles, and maintenance costs. Since the expectations
of the researchers were not fully realized, it was necessary

to restructure the research hypothesis to addrcss an cvalua-

tion of the variables used by the Air Force.
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CHAPTER IV
RESEARCH HYPOTHESIS

General

This chapter will describe in detail the methodology
and data sources used by the researchers in evaluating the
research hypcthesis. 1In addition, the base population for

this thesis will be identified.

Population Description

The scope of this thesis has been limited so that the
term commercial general purpose vehicle will describe a
vehicle which is available from competitive commercial
sources and is restricted to a weight of 12,000 pounds or
less. The term commercial general purpose vehicle will
exciude special purpose, fire fighting, materials handling,
and hbase maintenance vehicles.

The universe selected for this thesis was limited to
the light sedan, station wagon and pickup truck types of
vehicle. These three types constituted 33% of the commercial
general purpose vehicle categery at the time this research

was conducted.

The population selected for the purpose of this thesis
consisted of all sedans, station wagons and pickup trucks

mair+tained by the vehicle maintenance facilities on the

43
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bases of the Air Force Logistics Command (AFLC) and Air
University (AU). The testing of the research hypothesis was
accomplished using census data from the population for the

period 1 October 1972 to 30 September 1973.

Research Hypcthesis

The Air Force does employ the proper combinations of
variables and factors to determine motor vehicle replacerr:nt

requirenmnents.

Background

As was shown in Chapter II, the analytical equations use
used by commercial activities and other governmental agencies
which were to have been obtained from the research gquestion
were to be evaluated using Air Force historical maintenance
data. The results of this evaluation were to be compared to
the resulis using current Air Force variaples and factors in
order to determine which indicators provided a minimum total
annual operating cost per vehicle.

Because of the types of data received in response to
the research question, specific analytical eguations could
not be identified for testing the research hypothesis. The
results of the research question, however, did indicate that
many of the commercial and governmental activities were
using the same variables as the Air Force (age, accumulated
mileage and repair costs). The researchers therefore

decided to test the variables used by the Air Force using

the historical wmaintenance data collected.

b i, it s i
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The three commercial general purpose vehicles selectad
by the researchers for analysis (sedan, station wagon and
pickup truck) are accorded the same life expectancy: age is
six years, mileage is 72,009, and the repair allowance is
established by a chart contained iiu RAir Force TO 36A-1-70.
The scope of this effort was limited to analyzing the age

and mileage variables, since the repair allowance tables are

predicated on the age and accumulated mileage of the vehicle

being evaluated.

Should the results of the analysis of the
research hypothesis show that either of the factors used with
the variables are wrong, or the current variables and and/or

miles are unnecessary for considering a vehicle for replace-

Lt b

ment, the repair tables will have to be analyzed through a

separate research effort.

j
g

Source of Data %
The Air Force Vehicle Integrated Manageﬁent System %
(VIMS) was being implemented at all Air Force bases world- i

wide at the time this thesis was written.

i

For this research

effort, the data prepared and submitted by the Air Force o

Logistics Command (AFLC) and the Air University (AU) were

used. These two commands were participating in the VIMS

implementation by serving as test or pilot commands so that

the output data from these two commands could be evaluated

and revised as necessary before full implementation was

initiated. Because of the time constraints for the comple-
tion of this thesis, only the data from these two commands

were availaeble fcor analysis. The specific data employed by
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the researchers represented all sedans, station wagons and
pickup trucks reported monthly by AFLC and AU for the period

1 October 1972 to 30 Septembher 1973.

Naturc of the Data Utilized

The data obtained from the Vehicle Integrated Manage-
ment System (VIMS) provided an in-depth analysis of the
vehicles selected for analysis. For each type of vehicle,

the data were subdivided into the sixteen replacement codes

. ol e i ..mmlm‘.M‘-‘LM\MMIWM&MWW‘W‘“M

in use where this research effort was conducted. For each
replacement code, information such as average mileage driven
for the pericd, costs of operation (per vehicle and per
mile), and out-of-commission rates were obtained. See

Appendix H for the specific data elements included in the

VIMS report.

Data Collection Technigues

The Vehicle Integrated Management System (VIMS) is a
management reporting system initiated at base level by the
vehicle maintenance activity. When a vehicle is placed in
the vehicle maintenance activity, an incoming inspection is
performed on the vehicle by a vehicle operator. During this

inspection, the inspector completes Department of Defense

(DOD) Form 1351-2, "Vehicle Inspection Record," on which he
records the various factors leading up to the determination
of the replacement code to be assigned to the vehicle. Once
the inererction is completed, the information entered on the

DD Form 1351-2 is verified by the quality control inspector
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and the completed form is sent to the transportation
activity's Reports and Analysis (R&S) Section.

The R&A personnel extract the pertinent data from the
DD Form 1351-2 and keypunch the data for loading on the
base Burroughs 3500 (B-3500) computer. Once the data are
loaded and verified by the R&A personnel, the B-3500 com-
puter internally verifies inventory and vehicle registration
number data with the base supply computer. Any data not
verified by the base supply computer will be rejected by the
B-3500 in the form of an error message.

Verified data are then stored in the base B-3500 until
the 15th day of each month when the data are automatically
transmitted to the Warner Robins aAir Logistics Center's
B-3500 computer for consolidation. These data are then
transformed into the VIMS worldwide reports which are pro-

vided to the major commands, HQ AFLC and HQ USAF for manage-

ment purposes.

Method Emoloved

In order to evaluate the validity of the variables age
and mileage, the researchers employed multiple regression
analysis. In such analysis, two types of numeric variables
are used. Independené variables are those variables which,
when assigned a value and taken either alone or with other
independent variables, create an effect on the value of the
dependent variable. Dependent variables are those vaiiables
which are hypothesized to be influenced by the independent

variables. The values of the dependent variable will change
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based on the number and type of independent variables used.

To measure the effect that different independent
variables had on the selected dependent variables, the com-
puterized "Stepwise Multiple Linear Regression Program"
(SMLRP) was employed (12). The SMLRP model is a stepwise
regression program in which the computer carries out the
regression for each independent variable in turn. The
results of the multiple regression can then be analyzed to
determine which independent variables had a statistically
significant effect on the dependent variable selected for
evaluation.

The nature of the data did not permit the researchers
to compute a cost oriented regjression eguation which would
include both the age and accumulated mileage of the vehicles
tested. As such, a full range of statistical tests could not
be conducted to determine the significance of age and accumu-
lated mileage to the cost per mile or cost per vehicle.

Two models were therefore constructed. The first model
considered the age of the vehicles being tested, and the data
used consisted of those vehicles which were categorized as
ovelx -aged (Replacement Code H), six years old (Replacement
Code L) or five years old (Replacement Code P). The second
model was developed around the accumulated mileage data
available. The observations used were restricted to those
vehicles categorized as exceeding 72,000 accumulated miles

(Replacement Code J), between 60,600 and 72,000 accumulated

miles (Replacement Ccde M), or between 48,000 and 60,000
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and 72,000 accumulated miles (Replacement Code M), or
between 48,000 and 60,000 accumulated miles (Replacement
Code Q).

In both models, the rates per mile werc considered to
be the most appropriate dependent variables. Rates per
vehicle per month were also considered as dependent vari-

ables, but were discarded when the miles per group of

vehicles were analyzed. In the group of data concerning the

age of the vehicles, it was discovered that vehicles over

six years old were driven an average of only 65% as many

miles per month as the five year old vehicles. A similar

analysis of average miles driven per month for the vehicles
grouped by accumulated mileage produced similar results

{(see Appendix G). As such, the analysis clearly indicated

that the newer vehicles and the vehicles with less accumu-
lated mileage were driven considerably moce miles per month

and therefore a meaningful comparison of cost per vehicle per

month would not be appropriate. The researchers therefore

decided to utilize rates per mile driven per month as the
dependent variables for the analyvis of the research

hypothesis.

Results of Analysis

The analysis was divided into two categories: vehicles

grouped by age and vehicles grouped by accumulated miles.

For both categories, a confidence level of 0.95 was selected

for the analysis by the researchers. This confidence level

means that the researchers are confident that the null
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hypétheses will be false 95% of the time that vne

researchers say it is false,

Age Category

For this analysis, the vehicles were grouped in three
sub-groups of over-aged (Code H), six years old (Code L) and
five years old (Code P). The first test in the analysis con-~
sisted of determining the effect that the age of the vehicles
had on the cost per mile to operate that vehicle. The
results of this test produced no statistical significance to
irdicate that the age of the vehicle had any bearing on
predicting the cost per mile to operate a vehicle.

A second test attempted to determine the effect that
age had on the number of direct labor hours required to
maintain the vehicles for the period. Again, there was no
significance detected between the age of the vehicle and the
number of direct labor hours expended on the vehicle.

Further tests were conducted to determine if the age of
the vehicle had any effect on either the Vehicle Out-of-
Commission (VOC) rates or the Vehicle Down For Parts (VDP)
rates of the vehicles being tested. The results of these
tests indicated that there was no evidence to suggest that a
vehicle over six years old experienced a significantly
greater out-of-commission rate or down for parts rate.

From the results outlined above, the researchers drew
the conclusion that the variable "age" could be considered

as unnecessary in evaluating a vehicle for replacement. See
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Appendix G-l for the gpecific mathematical and statistical

computations.

Mileage Category

For this analysis, the vehicles were grouped in three
sub-grOst of over 72,000 accumulated miles (Code J),
between 60,000 and 72,000 accumulated miles (Code M), and
between 48,000 and 60,000 miles (Code Q). The first test
consisted of determining the effect that accumulated mile-
age had on the cost per mile to operate that vehicle. The
results of the test indicated no statistical significance
between the accumulated mileage and the cost per mile.

A second test analyzed the effect that accumulated
mileage had on the number of direct labor hours regquired to
maintain the vehicles for the period. The results of this
test did show a statistical dependency between the number of
direct labor hours required per vehicle and the fact that the
vehicle had accumulated over 72,000 miles.

Although further tests indicated that there was no
evidence in increasing VOC or VDP rates for vehicles accumu-
lating over 72,000 miles, the researchers drew the conclu-
sion that the variable "accumulated mileage"™ is in fact a
necessary consideratién for determining the eligibility of a
vehicle for replacement because of the effect that the
accumulated mileage had on the number of direct labor hours

required. Although there was an increasing trend in direct

labor hours for vehicles over 72,000 accumulated miles, the
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researchers could not determine if the factor 72,000 was in
fact optimum. Confirmation of a valid mileage limit will
have to be accomplished through economic analysis and is

beyond the scope of this thesis.

Summar

From the results of analyzing the research hypothesis,
the researchers have concluded that the accumulated mileage
on a vehicle does constitute a valid consideration in evalu-
ating a vehicla for recplacemen'.. The mileage criterion,
howcver, did not appear to present a strong case for replace-
ment. Further analysis using worldwide data is necessary to
determine if the accumulated mileage criterion should be
retained or used until a better measure of replacement is
determined.

The researchers have further concluded that the variable
age does not appear to be a valid consideration in evaluating
a vehicle for replacement. Further research in this area
should be conducted once sufficient Air Force maintenancs/

utilization data become available as “he VIMS is fully

implenented.




CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

Purpose
The purpose of this chapter is to permit the

researchers to state conclusions which have been derived as
the result of evaluating the research question and the
research hyrothesis. Furthermore, any recommendations to be

provided by the researchers will be stated herein.

Research Question

Early in the review of the responses received by the
researchers as the result of the research question, it
became evident that any formal programs in use by commercial
activities were utilized only to compliment the judgment ana
experience of key management personnel. Furthermore, many of
the criteria and evaluation procedures used by the key
managers had not been documented. This fact could not help
but disrupt the continuity of operations once the manager:
"in-the-know" had departed.

The researchers do not mean to suggest that programs or
models, whether computerized or manual, should totally
replace the evaluation or decision of a manager. A model or
program is only a diagnostic tool and the resulting findings

or recommendations must be subjected to the manager's

53
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interpretation and judgment. For continuity of operations
in any activity, however, total programs and procedures must

be fully documented and updated as necessary.

The greatest problem vhich faced managers in practi-

cally all activities contacted was the lack of historical '
maintenance/utilization data on which to base criteria or
prog-ams. This same problem was identified as one of the
causes for the seemingly slow introduction of computerized
vehicle maintenance/management systems. The efforts of the
American Public Works Association to construct a centralized |
data bank for the gathering of historical data from various
sources are particularly commendable.

After extensive evaluation of the programs and litera-
i ture provided as the result of the research question, the i
researchers have concluded that the vehicle replacement
methods employed by the Air Force are at least equal to those
of some commercial activities and superior to most.

One additional area which the researchers identified
concerned the duplication of research efforts by commercial

and government activities. In many instances, for example,

commercial activities were analyzing certain areas which the

Air Force had already.investigated and documented. Institu-
tion of lines of communication in the vehicle management
industry, particularly between commercial and Department of
Defense activities, would prove beneficial to both parties.
The researchers recognize that there is a great deal of

competition between commercial activities and that
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proprietary rights cannot be violated. The exchange of
ideas and data on a periodic basis between vehicle manage-
ment functions, however, would possibly alleviate ~gstly
duplication of efiort and enhance the overal.l goal of

obtaining better ways to manage vehicular assets.

Research Hypothesis

'the results of the research hypothesis were somewhat
less conclusive and corcrete than originally projected by the
rescarchers, As such, a positive rejection or lack of
rejection of the research hypothesis was not possible.

The results of this research cifort did, however, point
out possible considerations for further research. Of partic-
ular interest to the researchers was the fact that the age of
the vehicle did not seem to be a necessary consideration in
evaluating a vehicle for replacement.

Should further research confirm that the age of the
vehicle need not be considered, several changes resulting in
benefits could bhecome evident:

1. Restructuring of the Replacement Codes. As was
shown in Chapter I, the Air Force was using 16 replacement
codes at the time this research effort was conducted, with
plans to add additional codes (see Table 1-2). Elimination
of the age criterion could reduce the sixteen codes to ten.
For example, a seven year old sedan which has accumulated
62,000 miles would be coded as requiring replacement in one

year for mileage r1ather than immediately for age. This

would permit the Air Force to receive more service from
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equipment which is not replaced solely because it is con-
sidered too old.

2. Restructuring of the Repair Allowance Tables. The
repair allowance tables prescribed in TO 36A~1-70 at the
time this thesis was accomplished are dependent on both age
and mileage. If age is eliminated from consideration, the
restructuring of the repair allowance tables would be
required. The seven year old sedan with 62,000 miles which
was used in the above example could be allocated more repair
costs. With age as a consideration, the repair allowance
would be 5%; however, with age not considered, the repair
allowance would be 17%, thereby allowing more repairs to
extend the service life of the wehicle (16).

3. Other considerations. Elimination of the age
criterion and reducing the number of replacement codes would
considerably reduce the possible confusion in deciding which
replacement code to apply.

Although the researchers have concluded that accumulated
mileage should remain a consideration for replacement, the
conclusion is based on a lack of other definitive criteria.
Further research could result in the identification of more
meaningful replacement criteria at which time accumulated

mileage could be discarded.

Recommendations

As the result of this thesis, the following recommenda-

tions are offered:

3
§
1
i




i

57

1. At the time this rescarch effort was underway, the
historical data bank of vehicle maintenance information
bring developed by American Public Works Association (APWA)
under APWA Research Project 70-1 had not been completed.
The researchers recommend that the Air Force evaluate the
project once it is completed to determine if any benefits
could be derived.

2. The researchers recommend that the Air Force
initiate action to establish a periodic vehicle management
symposium for commercial and federal agencies so that ideas
and programs of mutual intercst could be discussed and
exchanged.

3. Further analyesis is recommended to determine if the
age of a vchicle is a valid variable for evaluating the
vehicle for replacement. Once the Air Force Vehicle Inte-
grated Management System (VIMS) is fully operational, data
should be gathered so that vehicles of specific age thrcugh
the entire life of the vehicle can be evaluated.

4. The researchers recommend that the accumulated
mileage variable be subjected to further analysis once
worldwide Air Force cata become available to determine if it
is necessary in evaluating a vehicle for replacement.

5. It is further recommended that any variables which

are determined to be necessary in venicle replacement evalua-

tions be subjected to extensive economic analysis to deter-

mine a valid expectancy level for each variable.
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APPENDIX A

STATES FROM WHICH
NON-GOVERNMENT ACTIVITIES WERE
SOLICITED FOR VEHICLE REPLACEMENT
POLICILES AND PRUCEDURES

Northeast Region

New York
Pennsylvania

Northcentral Region

Michigan
Ohio
J1llinois

South Region

Texas
Florida
Georgia

West EKegion

California
wWashington
Colorado
New Mexico
Arizona

SOURCE: Regions are as descvibed in U. S. Department of
Commerce, Bureau of the Census, "Geographic
Identification Code Scheme," April, 1972, p. iii.
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APPENDIX B

GOVERNMENT AND NON-GOVERNMENT
ACTIVITILES SOLICITED FOR INFORMATION

Government Agencies (7)

1 Department of Agriculture

| Defense Nuclear Agency

Department of Conmnumerce

United States Postal Service

General Services Administration

Ohio Department of Transportaticn

National Highway Traffic Safety Administration

Non-Government Agencies

] Automobile Manufacturers (6)

General Motors Parts Division
General Motors Corporation

Ford !lotor Company

American iMotors Corporation

Chrysler Corporation

Chrysler Corporation--Parts Division

Rent-A-Car Companies (3)

Hertz
Avis
National

Airlines (4)

United Air Lines
Eastern Air Lines
Delta Air Lines
Trans World Air Lines

Municipalities (6)

City of Philadelphia
City of Chicago
City of Detroit
City of Secattle
Cily of San Francisco
Crty of Dayton

Y o bl
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Utility Companies (8)

Ohio Bell

Bell of Pennsylvania

Pacific Telephone

Mountain Bell

Dayton Power & Light Company
Detroit Edison

Philadelphia Gas Works
Houston Light & Power Company

Taxi Companies (5)

Yellow Cab Company of San Diego

Diamond Cab Assn, Miami, Florida

Yellow~Checker Cab Co., Albuguerque, New Mexico
Yellow Cab Company, Phoenix, Arizona

Yellow Cab of Philadelphia

Research Activities (2)

American Public Works Association
Public Technology, Inc.

Automated/Ficet Management Activities (5)

National Automobile Dealers Assn.

Lever Brothers Co.

Motor Vehicle Manufacturers Assn.

National Association of Fleet Administrators
Peterson, Howell, & Heather, Inc.

Telephone Contacts

Research Activities (1)
Bell Laboratories
Automated/Fleet Management Activities (2)

Control Data Corporation
McCoilugh Leasing

o
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APPENDIX C

SAMPLLE COPY OF THE GENLCRAL
TYPE LETTER SENT TO ACTIVITIES
REQUESTING DATA AND INFORMATION

Dear Sir

We are graduate students of the School of Systems and
Logistics, Air Force Institute of Technology, and are
conducting thesis research in the area of motor vehicle
management. The purpose of our research is to determine
an optimum nethod and combination of variables and factors
that may be used in determining fleet motor vehicle
replacement requirements.

We believe that this study will help reduce management
costs in operating the motor vehicle fleets as well as
provide guidance for future studies. Your assistance 1is
requested in this matter to help insure that the study
thoroughly covers the subject.

Would you please provide us copies of the policy, pro-
cedures and criteria used by vyour organization tc deter-
mine motor vechicle recplacement reguirements. Because of
the limited scope cof our efforts, we are primarily inter-
ested in the sedan and one-half ton pickup truck types of
vehicles. In addition, any quantitative data (i.e., miles
accumulated, annual maintenance costs, total maintenance
costs, etc.) and/or studies used by vour activity to deter-

mine your motor vehicle replacement procedures and criteria
would be greatly apprcciated.

For ycur convenience, please find enclosed self-addressed
pre-paid mailing labels. Should you desire an abstract
from our findings, please so advise when you provide the
information contained in our reguest.

Your contribution to this research study will be appreciated

and should measurably contribute to the requirements of Air
Force sponsored research.

Preceding page blank
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APPENDIX D

G.E.AL.S.

Ground Support Equipment Replacement Analysis

Report #999° ' o

Purposc of Rerort:

= To provide accurate replacement forecasts for each motorized vehfcle in i
Eastern's inventory. !

- To provide a basias for accurate budgeting of capital funds for ground
equipment replacement prograns.

- 7To provide a sound basis for replacing ground equipment at the most
economical period, thus reducing overall vehicle maintenance costs.

Inpyc:
~ See attached data source list.
Distribution:
- One copy of report to Ground Equipment Control.

Frequency:

- One copy of report every 6 months,

Fieid Explanaticn: !
1. Date -~ Six digit field for date that covputer generates the report (06/15/74)
2. Fleet Code - Three digit field indicating the fleet or vehicle type.

3. Vehicle 1.D. Number - Maximum six alpha/oumeric character field to indicats
vehicle identification number.

4. Station Code -~ Three alpha charascter field indicating the starion location
of the vehicle (MIA, ATL).

S. Fleet Avg. 'T' - Maximum three alpha/numeric character field indicating the ;
average of all period 'T' within the indicated fleet code for sll E.A.L. !
Print 1DA 1f insufficient data is available. :

2
6. R - Maxinum five alpha/nuwmeric character field indicating the index of
determiuation of the regressioa line.

7. Period 'T' - Maximum three alpha/numeric character field indicating the
guabar of the month (since the vehicle wgs purchased) that the AMC (average
monthly cost) hits a minimum before it begins to increase. Print IDA, if
{nsufficieat data is available.

Preceding page blank
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Variance to Avg. 'T's Maximm four alpha/numeric character field indicating
the variance or difference (plus + or minus -) between fleet Avg. 'T' and
pexied 'T’. Princ IDA if insufficient 1ls available.

AMC = Maxirmum seven alpha/numeric character field indicating the dollar
amount of the AMC ( AVERAGE MONTHLY COST) during the indicated period 'T'
Print IDA 1f insufficient data is available.

Calculated Repl. Date - maximum six alpha/numeric character field indicating
the calculated replacement date of the vehicle. 1If insufficient data is
available, print "ILA" followed by the number indicating the quantity of
periods calculated without reaching 'T', 1.e., if the computer 48 limited

to running a projection equal to the number of periods of historical data,
then a 36-month old vehicle could only be calculated through 72-months. If
period 'T’' 18 not reached in 72 months, then the computer would print I1DA 72,

é
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G.E.A.R.S. Replacemcnt Forwmula:

(1+)t | +)l -2

Cchatu = [E- (igf; . E(t) )T

Data Source for Fornula:

HOTE: * Denotes Multiplication

B= Original Price (Source Document AA, Field 23)

8(T) = Sslvage Value Function, Derived as follows:
8 = Terminal sslvage value (scurce document AA, Fleld 23A)
N = No. wenths equipment will be depreciated (source document AA, Ficld 23B)
T = No, months for which the AMC (average monthly cost) 1s being calculated,
For 8(T) > S —S(T) = B = (B/N * T)
Por S(T) £ S «—a-S(T) = §

{ = 0.00949 minimum return on investment per month

AHC = (C chain * 1)

E = monthly maintenance expense, aerived as follows:

i source document B, (Field 13 * field 14) + (Field 22 * $10.00)

+ § source document BB, (Field 12 #* Field 13) + (Fleld 18 * $10.00)

Total E for applicable wmonth,

NOTE: E 18 to be read into a linear regression progrem to obtain the regression
coefficients (A ¢ Bl) and also the "Index of Determination”, R2, where E

is the dependeat variable and t (time in moaths) is the independent variable.

E(t) = Expense function (average expense per month)

E(t) = A+ (Bl * t) + (Bl * (t-1)) where t is time in months.
2

In order to enter maintenance expense hiatory which occurred previous to G.E.A.R.S.

implementation, source document E will be used to enter up to six years (72 months)
history iuto the computer files.
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G.E.A.R.S.

Ground Supnort Egquipment Replacemaont Analysis

Data Source for Report #999

SOURCE DOCUMENT FIELD
- Date Report Generated by Computer
- AA 5
- AA 8
or B 3
or BB 8
- AA 2
- Avg. of all T's within applicable fleet code
- R 1s derived from regression analysis.
- T is derived from replacement formula.
- The difference between fields (5) and (7)
- AMC is derived from replacement formula.
-

Sum of purchase date and T {ndicated in month and year.
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APPENDIX E

CiTy AND COUNTY OF SAN FRANCISCO

CENTRAL SHOPS L
PURCHASING DEFARTMENT

800 QUINY STReET
SANM FRANCIBCO. CALIF 94184

il

E

’ AUTOMOBILE LEASING STUDY i
AND 3

REPLACEMENT RECOMMENDATIONS o

Novemscm 1960 1

3

DATA AmMENODED YO
Jam. 1974

il

Uron The mCQuesT or THE Fiwance CommiTree ofF tue Boamp ofF Suptmvisonrs,
tenouen Ma. Tuomas J. MELLON, CHIEF ADMINISTRATIVE OFF 1CTR, A STUDY WAS
INITIATCO BY THE PurRsmASING DeEPArTMENT, CChuTRAL SHOPS, AS YO THE FEASIBILITY
OF LEASING AUTOMOBILES FOR USE BY THE CITy anD CounTy oF San FrRancI1SCO,

THis 8TYOY BAS PRESENTED TO TwE COMMITTEE AT 178 MELTING of Dccemacn
15, 1965 WiTn THE CONCLUSION TWAT, EXCEPT FOR CLASS [ AUTOMOBILES, LEASING
PREBENTED LITTLE AODOVANTAGE TO THE CiTY,

In CONJUCTION WITH THNE REPORT SUBJECT, THE PurcHaS ING DEPARTMENT AND :
CONTROLLER'S OFFICE REPRESENTATIVES REVIEWED THE CITv'S FLEET MANAGEMINT AND
FINANGCING PROCCOURES AND MAQDE FURTWMER RECOMMENDATIONS BASED ONM THE PREMISC
THAY THE OVER~ALL GOS8V OF A VEHICLE INCLUDES])

1. ORi1GiINAL PurcHase PricE

2, OrcraTIONAL CosT

3. Matutenance Cost (Down Time)
+ Y. DisrosaL vVarue (Criorv)

o

AMO WITH THE «NOWLEOGE THAT OVERTYME PAST SEVERAL YEARS Tuf (1) Omicinan
Pumcuase Price was INCAEASED APPRONIMATEL Y 70%, WHERCIN WAGL INCACASCLS AC-
LavED Y0 (3) Mainrvenancy CoaTs wave mnisen 143K, IT CAN SE ANTICIPATIO WAGE
COBTE wWiLlL COMTINUE TO INCREASE AT A FASTEAR RATE THAN THME COST OF VINICLES,

I WAS THMEREFORE, CONCLUDED THAT JT WOULO 8L TO TWME BCEY INTEREST OF
THE CiTy ANO COUNTY YO ESTABL AN A ACPLACEMEINTY CRITERIA MORE IN XCEPING WITH
MODERN FLEET MANAGEMENT PRACT)ICE, THIS POLICY WOULD PROVIDE FOR AN CARLILA
DISPOSAL OATEL, [T WOLULD ALSO RESBULT IN LOWER MAINTENANCE COST ANO HIAGNWY
OI1SPOSAL VALUE PER UNJIT OF EQUIPHENTY, ADOITIONALLY, JT WOULD PROVIDL THE
AOVARTAGE OF PERMITYING THE INITIATION OF A PREVENTATIVE MAINTENANCE AND
INSPLCTION PROGRAM ON THE PARLSENY FLEET OF "GENEmAL SERVICE' vENICLLS] AS
RECOMMENOED BY TKE FORBES STYUOT WITHOUT THE NEED OF ADDITIOMAL EMPLOYHENTS,

REcommen0DLo REPLACEMENT SCHELOULES
GENERAL SERVICE VEHICLED

Compact Camns -~ Curass 8.9 4 veans on 50,000 miLes
CuLase (Sto. & InT'meo,) 5-6-7 S vears on 60,000 miLes
CuLass 2-3-4 5 vcars on 60,000 miLes !

CLass 1 FULL MAINTENANCE LEASE =
3 YEaRr maximum
Licny Taucks (¥ = % Ton CLass) 6 vears om 60,000 mMices

Preceding page blank 72
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‘MOTORCYCLES 3 WHEELS

AUTOMOR 1LE LEASING STUDY AND
REPLACEMENT RECCMMENDATICONS
FAGE TwO

POLICE VEHICLES?:

Svamn Cans (Biack ano Wuive) Cuass 6 On 7
UnoERCovER Cars = CiLass 7 '
PatmoL WAGONS

MotomCYCLES SoLeo

CiLass 1

FEnEEnN

FIRE DEPARTMENT VEMICLES (PASS. CARS):

Ciass 5-6 5
B an0o C Cuass 2-3 5
LionT Truexs (¥ vo X Tonw CLass) 6

IHNCLUDES LINE AND RELIEF SERVICE
*® INCLUDES LINE, STAFF AND RELIEF SERVICE

SHERIFF'S VEHICLES:

STAFFr Cars o« Ciass 6.7 5
Roap Cars (STation Wagon) Ciass 67 4

73

veams, or 70,000 mirLes

vears, orR 60,000 miLes

years, or 100,000 mjLes
vears, on 40,000 miLes

veaas, or 35,000 miLes

YEARS MAXIMUM

vears, or 60,000 miLcs®e
veans, or 60,000 niLes®
vears, on 60,000 miLes

veans, onr 60,000 miLes
YEARS, oR 75,000 miLes

»FACYORS THAT ACQUIRF CONSIDERATION BE GIVEN TO ESTALISHING & FIRM

RCPLACEMENT POLICY FOR Tue Chvy rFLcEET;

1)
A) VEHICLES PURCHASED AT FLEET PRICE
B) VENICLES MAINTAINED AT PREVAILING UNJON

-
INCREASES OVER PAST SEVT.RAL YEARS,

ExamrLe = 1960, & ocoon scoan @ $1975.00
1974, 4 ooor scoaw @ 3300,00

1960, Picxyr @ $1741,00
1974, v 3000,00

3) Cuary Waces ncAREasco 143% v 14 veans
1959-60 marr - $123,40 pen weex
1973-7?h Rarc - 300,60 ren weex

INCREASE 177,20

WAGES

e) COST OF STANDARD AUTOMOTIVE UNITS WNAVE SHOWN NOMINAL

(Cuass 6)

67% incacase

72% INCREASE

143% tncrease

“) NUMBER OF UNITS MAINTAINED BY CENTRAL SHOPS MAS INCREASCOD AS

FOLLOVS S
A) Passeweex Autos: Juey 1, 1961 - 509
Dee .30, 1973 - B20
Increase 59
8) Licur Tayexs; Jury 1, 1969 - 148
Deco}o' 19?} - }50

IncrEase 202

UN1TS
UNITS

61% Incacase

UNITS
unITS

ueits 136% Incamcase
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AUTOMOBILE LEASING STUDY AND
REPLACEMENT RECCMENDATIONS
PAGE THKeb

C) OvEmALL FLEEY INCREASES

Jury 1, 1959 - 1573 wunits
Dec. 30, 1973 = 2540 wuwits

IncREASE 367 61% incmease

5) PRECSENT BUDGETARY PROCIDURE REQUIRED EXCESSIVE TIME TO PROVIOL
REQUIRED REPLACEMENTY, THIS OFTEN RESULTS IN REPAIR COSTS OUY

OFf PROPORTION TC THE VIHICLE WORTH, PARTICULARLY WHEN AN QVERAGE

YVEHICLE SUFFERS EXTENSIVE OAMAGE OR REQUIRES MAJOR MECHAN|ICAL RLPAILIRYS,

6) FAILURE OF DEPARTHENTS TO PROJECCT NEEODS AND BUDGET FOR REPLACE=
HENT VENICLES IN TIME TO AVOID MAJOR REPATR/MAINTENANCE,

Tug Dantwect Survey bN AYTOMOTIVE PRACTICES ANO CONTROLS SHOWS THAT
HED I UM AND LARGE COMMERCIAL FLEETS AND VEMICLES ARC ORIVEN ON A AVERAGE oOF

20,000 MiLES PER YLAR AND ARE 0ISPOSED OF AT apout 60,000 MILES OR BETWEEN
2ND AND 3RO YEAR IN SECRVICE,

IT 1S NOTED IN TKIS SURVEY THAT PuBL 16 UTILITIES SRE GENLRALLY LOWER
MILEAGE FLEETS ANO TEND TO KEEP THEIR VEMICLES IN SERVIGE ABOUTY 5 ve€ars,

_Hewe THE PREFERRED "PusiLic |MAGE'™ IS ONE OF ECONOMY RATHLR THAN PRES-
TiGCL, THE REGENCY OF THE MOOEL 15 NOT A CONSIOCRATION IN THE POLICY OF

OPERATING THL CARCFULLY MAINTAINED CARS FQOR +tOuH TO SI1X TYLARS,

A RECENT BTUDY OF LOCAL PUBLIC UTILITICS AND NEIGHBORING GBVERNMENTAL
OPCRATIONS INDICATE THAT 5 veans nr 60,000 MiILES 1S AN AVERAGE LIFE SERVICE
. FOR A LIGNY VENICLE, THE CONSENSUS OF OPINION 1S THAT MAINTENANCE COSTS

INCREASE RAPIOLY BEYOND THAT POINT, WHILE VENIGLE EFFICIENCY AND DRIVER
ACCLPTYARILITY IS DECREASING,

DEYAJLED STUDIES AND RECOMMENDOATIONS MADE BY THE AMERICAN PyaLiIC WoRksS

AssoC, AND THE STATE oF CaLi1FoRNIA DEPARTHENT OF PuBLIC WORKS INDICATE
SIMILAR FINDINGS,

THESE RECOMMENDATIONS ARE VERIFIED OY CENTRAL SHOPS CXPERIENCE 1IN OQuR
INVOLVEMENT wiTW TME CITY FLEET, WE KAVE FOUND THAT THE VEMICLE NCAGNCS
ITS CRITICAL POINTY AT S vEars, or 60,000 miLes,

AY THES POINT OF SCRVICE ALL WARAANTIES MAVE EXPIRLCD, THE V¥ cLES

OCPLENDABILITY 1S REDUCED, DOWN TIME INCREASES AND MAJOR REPAIRS ARmE ACQUIRED.

HIGHER MILEAGE FLEEY OPERATIONS THAN THNE AUBOVE RECOMMENDATIONS ARC
CCONOMICAL ONLY WHMEN THE VEMICLES ARE MIGuMWAY OPERATED,

In sucr & casg
100,000 oR MoRE MILES CA!- BE OBTAINED

in 2 To b vears stAvicE,
THe FLECT OPERATED B8y THE CITY OF SAn FRANCISCO 1S ESSENTIALLY A LOW

MILCAGL OPLRATION ORIVEN UNDER ECXTREME CONDITIONS,
ARLA OF THE CITY, ITS VAK!LD

0TS TOLL OF OUR VEHRICLES,

THE COMPARATIVELY SMALL
TOPOGRAPHY AND CONGESTED TRAFFIC QUICKLY TAKES

WL THEREFORE STAONGLY YJRGE THATY THIS RECOMMENOED REPLACEMENT SCHMEOULT

®L PUT INTO EFFECT ANO BECOME Ttut PoLICY OF Thek C)Ty anp County of Saw
Francesco.

R(iPthfuL(} s onl
A’.é{/.l;c. csgﬁzo ”
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APPENDIX F

REPRODUCTION OF CHAPTER IX
"MOTOR EQUIPMENT REPLACEMENT"
FROM AMERICAN PUBLIC WORKS ASSOC.
SPECIAL REPORT NO. 37, MOTOR VEHICLE

e Stk e i) . b il

FLEET MANAGEMENT
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APPENDIX F

IX. MOTOR EQUIPMENT REPLACEMENT

The :oition of replacemiznt vorsus centinund
operation of un equip:nent unit has proven to be one
of the most confusing and leust understood of all 1he
probloms facug the eqmpment manzz22t. Tie teason
all 100 often 15 a lack of the recuraed infornistion
needed for 1ational sulution.

The courrtect soluuon requics a reasonably
accurale krowltd:ie of hitoncal costs and a
capability for estnsaung fu are costs. lowever,
because of the grperal defhaency in histongal corts,
the probiem s:idm s 3prrsaiisd s an econsimue
analysis. Subttitute methods — such as teplacencents
based on time in service or accumulated
mileage - ficquently lead to cironcuvus dessions. The
only replicement policy that wiil assute reasonably
sccurate decisions 13 2 cost study of the indiv:dual

3000

4000

Aoeus) Cost §
/

 &=D-Capitsl Shrinkage

20¢0 \

AtHC4D = Combined Cost

equip:sent cenipared to the proup<ost expenence of
equiprucnts having the same general capacity and
service.

The eloments of the economic replacement
analysis czn best be llustuated by a graph Sinze the
costs 1molved sath the upgranion of an equipment
unit prraarnily sre tunctions of age (ubsulescence) and

ceuniulated 1ades or hours (usage), tire rate at wlhacts
these cosis change wath continued operation provides
the elemnznts peedad 10 detennine costs Of sav.ngs
resuliing Dot aeplicements.

Chat 2 represents the various cost elements
rasulting from the B-year operation of a truck,
onpcaliv purchaced for $8.003. 1t shows the vanous
cost curvesan terms of annual cost.

Curve A, cust of downume, ilustrates the

ANNMUAL EGUIPMENT 20ST3 AS A FUNCTION OF TiMg

Qe
* \ C-Operating. . 0 e mo— T
— =0 O O~ ”/’—‘-"—‘_———
e o—""9, \ B-Maintenance—s //
1000 jo . —_— -
A-Downtime—, _
— -
-
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increasing cost of unssadabiity resetting from
“out-ol-scevics™ fur repais White it s elainely fow
during the first bohibde ot ehr touck, 1t thows 2
sharper thcicses 10 iater yoars bcelt Gormntiog 1afe
can be comnated accurateiv by dovding the sum of
the bfe rapaal shnnkaee and wiaretenance coat by the
puinber of duys o oun) e at aic, I addition,
naaced ool hostaons o2t be o tned,
involve such elenients a idie re - time tesultimg from
equipmcnt unavarl sty . substitute servicCy
employed ¢t Duwntune cootis i essential elewnent
in any teplicement stdy 2rd must not be
overlooked.

Cune B, cost of mantenzace, unlicates the
incrcase 1y nismntonance and 1opsir custs (CxSIusive of
accident) osor the hife spen ol o2 truck.

Cune C cost of opctain a, topresenfs the et of
fuel, lubc. vues, battenos, and nusccusicous
opeiating st pirics.

Curve D, cost of eanital shaankage, represents the
annual decrease an dipelsd o resalz vatus of the
truck. Thus cuive diiters fran the accountant's
evaluation of dep.ronatiog (o

y astisight o) an
that it relates (o the “blue Lok value of the truck
2t e eud of each year and 13 counsiderably inore
accuraic.

The comhined curve repreesnts the sum of curves
A, B, C, aud D, and thus is the total annual cost of
owning a specilic truch putiuased at a pree of

$8,000.

Answal Coet §

3002 0ld Truwch Combiaed Costs

\\\ ‘ Carniag (Sevings)
~—
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To detesnune the pount an the truck’s hfe when
replaceinent would be justified ccunonucally, an
estunite nust be made of tie averave anctual dotd
ot af a3 new tnick avrr an Kyear e bet ot he
assuincd (as explained later) that a new truck canbe
purenssed tor $8,600 and wili huve 3 tesule value ot
$I0) ¢ Nt years hence, that the total averape ¢t of
aancsshap, inciudine ¢antal shinhace, amounts o
SINTO per year. On Cnart 3, 3 hotzontsl ine crawn
at the $3870 salue ntersects the combined cost
curve of the old truch between the siath and seventh
year. This vould be the theoretical tirae 1o repisce
the unit, prosided uninaited funds were avaniabic tor
caputal icplacements,

Rarely does gusernment cip.ucnce such
availability of furds. Tie vanous o1y snsavonasl units
tnust coapete for thein, wnd the dij stz ient witiy the
best documented presentation, wd Tmancaal
justification receives the more favorable
con,uderation,

Usuilly favored are thnee requests which develop
the lutest eanmngs in the form ol savir: . Therelore
the fizvl admun:strator must prefare hie reacestsin g
furm that emphasizes the potenyial earn:s s (savings)
that wiil secruz brom tice capital eapenditures. Tnus,

Ll o 163 VIR

v, alicndiod thowe L2 geén
the siv:inys that can re:nit from impiovements in
setvices rendcied.

A f:Caint groond rule of the bul, et directer 13
that o requests will be <cnsidered *hose e2rning rete

Hopenpet

GRAV UC SOLUTION BQUIFPMENT AP ACLMENT FROSLEM
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b beas than 2 predetcanined pureentage of the capital
expenditure requested. Nuch 2 policy has the etfect of
forcng all depastment heads 1o make economic
ansly s in delvans af their requests, (U also has the
eflect of dotzamnnn: pronities by rafe of Samng. It
wsualiy follows ahav carning estimaies based on
accurate recorded etormation we less controversial
and therefore moere convinang.

Keferting avnn t Chart 3, the rate of saving f
ihe truck wete replaced at the end of the sixth year
would be nepative. I, ¢y the other hand, replacement
wete gt the end of the seventh yeur, the savines wonld
amount te S190 poroyear (54,000 tese S1ETU). This
would represent @a carning rate o M 4 percent based
ona net investment of $7 .90 (83,600 loss $700). 1t
is doubtful such sn conmug raie coals compete m
today's short supply of government (und:. However,
the ratc of 12.3 poicent ecarmngs at e end of tie
eipiih year should quunly the ltuck fut seplacement
at that time.

Befote procceding 1o Uie practical solution of the
probizm, let’s conader what the result would be of
the tiuck had been replaced ar the end of the sixth
year In this case thuie would be 2 loss (negatne
esrning) of $15Qy per year, ot 1.9 percent, based on a
net capitd! nvestment of $7 900.

The graphs dlusticicd by Clharls 2 and 3 aim to
ciarify the econonns prohlzm involved in cquipment
seplaccment. The fiyures were selected to emphasize
the problem and do oot neceseanly refizct actual cost
data. They do, however, spproxunate actual
conditions which might be encoumered in such a
study.

Figure 36 llustrates a Repiacement Analysis
form designed Ior use in repiacement studies. In this
particular cese it presente the analyss ol the $8,000
truck referred 100 descubing charts 2 and 3.

Here is the step by step procedute:

1. Refer to the Vguipinent Keplacement Duta
seport (Fig. 32) fur the last year and the tirst 6
months of the curntent year. Theie are 3 years
invclved in the replacement study: the last complete
year, the curient year, and the next or budget yecr.
The lLsungs will mclude ali thowe equipment umt.
spprosching chig:biity Sur replacement.

2. Conler with the supervisors respunsible for
the using agencics, equipment opsiatiuns on (he
adeguacy of equipment, about 1o be replaced.
Deterimine whether they should be replaced in kind
or by a change of 1ype and/or capacity. Lvery elfort
should be inade to pravide 3 replacement that mects
tht wser's requirenients and can be mantained at
teasonabie cosi. The fleet administrator should keep
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abteast of equipment improvements as they appear
on the market and relay appropriate information to
the users.

3. Within each equipment group (APWA Cude),
analy 28 cach wit, stucting with il viics wppaaing, o
have the lurhcest average annual cost. Analyss need
only be carried out for a number of units cuinpurable
to the probulie number of weplicenicits that can be
budgeted.

4. |n the replacing-unit scetion:

a. Enter the deseniprion of the replacing (new)

unit, using standard APWA nomenclamree.
Enter the AIWA Code number for thie urat.

c. Determine the acquistion cost of the
replacing unit and enter this smount 1 the
blank space provided. Must dealers are
willing to furmish casonably accuraie
estimates covenng the wcqusition cost of
new equipment. §n tras - e at's $8,600.

d. Estimate the resale viluz of the replucing
unit at the end of its ctzedard life and enter
this amount in the .- .ce provided. The
Truck Llue Book wiil b2 4 heleful goide 1n
making this estimate. 11, tlas case $700.

e. Enter the net inveermant in the space
provided. This is tie sc-rnsition cost less the
resale value. In this case ©7,900.

f.  Refer to the Eauipment Unit Cost Summary,
Figure 25, Columns 5. 7.9, 11, 13, and |5,
indrcating the total cost of the atove AI'WA
Code gioup which has beea in service
spproximately 8 years. Determine the sum of
the smounts indicated in these columns.
divide this total by the 1item countndicated
in Column 2, and enier the result an the
space provided. In ilis case the amount was
$21,000. Ttuy rspresents the total
maintenance, operating. and downtune cost
of simitlar units having 8 years of service.

g. Estimgte the increase in the above cost
resulting from anticipsted pnce nwes n
wages, matenals, and sujplies and enter the
percentage and dollar inceeass in the space
provided. Experience over the last 15 years
indicates an average annual increuase of 2.5
percent in these cost areas. In the shistraeon
the §-year period would be subject 1o 4 total
increase of approximately 20 percent lor an
average over the perod of 10 percent of
$2,100.

h. Enter the estimated total cost of
maintenance, operation, and Ywntunc an
the space provided. In this cae $21,000 plus

oo
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EQUIPMENT REPLACEMENT ANALYSIS
Equiprent to. ¥
Date: 3
REPLACING UNIT
Description » Std. Life ___ years, APWA Code B
Acquisition Cest $§ ___ Total Mainr. Cper. & Downtime § -
Blue Book Value (Replaced) .. Md _ X for Adjusted Cust $
¥Net Investment ) $
Total Cost ___ years lifc $
Average Annual Cost Per Unit $§__ _ _ per year
REPLACEZED UNIT
Destription , In Service Date__ __ Years Service__
Lapt Yesi 19__ | Current Year 19 | Budget Year 19
1. Blue Book value last year $__ $_ S
2. Blue Book valuc thic year ___ — -
3. Depreciation Cost $ S S
4. ¥aintenance Cost e —_— —_—
5. Operating Cost —_— —— —
6. Downtise Cost —_— — —_—
7. Total Cost — —_— -
8. I Increase over previous yeir b4 .z
ESTIMATED EARNINGS
9. Net Investment $ S s
10, Repiaced Cost . S S
11. Average Replacing Cost —— —_— e
12. Barnings Per Year L. —
13, Earning Rate P ¢ - X

FIGURE 36




rm —— -

$2,100, 01 $23,100.

Foter the wtal cost of ownership per umit in
the space provided. In thus case 57,900 plus
$23,100, 01 $31,0:00.

Enter th:e aunual averzge cost of ownership
per unit. In this caze, $31,00) cdivaded by 8
o1 $3IMN7U peryear.

5. Inthe replaced unit section:

Enter the descnption of the unit 1o be
seplaced, its in-service date, and total years
of scrvice in the spaces provided. This
informanon is bisted on the Equipment
Replacement Data bishag (Fig 32).

The 1eplocement anilysis usuzily is prepared
shortly afier the nuddie of the niscal year in
ant.ij.-.tion of the approactung Ludgei year,
Theie should be availlablz a yearend report
for the previous year of the Equipment
Replazement Dfta (Fig. 32) and a G6-month
listing for the curient year. Theie will be
used 1n cCetermining entries to he macGe under
the column headings “last Year” and
“Curtent Year,” Lines <, S, and 6. The Blue
Book v.iues are entered on Lines | and 2:n
all three columns; they are available {rom the
Twck Biue Book published by Nanonal
Market Reports, Inc., of Chicago.

Enter on Line 3 of ali three columns the
differcnce between the amounts shown on
Lines } and 2.

Under the column heading “Last Year,"
entrics on Lines 4, S, and 6 may be tead
directly from the Equipment Replscement
Data Listing (Fig. 32) for that year.

On Line 7 enter the total of Lines 3.4, 5,
and 6. On Line 9 enter the d:ference
between the acquisition cost ($8.600) and
the amount shown on line 2. On Linc 10
enter the total cost froni Line 7;0n Line 11,
the average annual replacement cost
computed in the Replacing Unit Secton; on
Line 12, the difference between Lines 10 and
11. On Line 13 enter the canmng rate, which
is determined by diding the ¢arring shown
on Line 12 by the net investment shown oii
Line 9,

For entnes on Lines 4, 5, 6, under the
column heading 'Current Year." refer to the
Equipinent Replacement Data Lisungs (Fig.
25) for the 6-month prrniod of that year.
Doubling the amounts shown on the histing
for opcrating and downtime cnst will be safe
enough, since this will be slightly on the
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conservative side. To estimate the annual
cost of mainterance, it would be appropriate
1o review the equipment file containing the
priced copies of ail repair orders ssued
dunng the éaaonth period — not only o
determine if any ramor jobs were performed
but to get a “fedd™ for the parucular unnt.
Should any question atise, you misht well
call the unit into the shop and have the
diagnosticianprepare an esttmate of thie work
necded to assure another {2 months of
opetation. Once the costs of maintcnance,
operation, and Jownlime are estima::d, the
same routine is followed as in the first
column.

For the entries on Lines 4, 5, and 6 under
the column heading “*Budgst Year,” 3 careful
estimate of these values is necessary. It is
fairly certain that operating and downtime
costs will 1nctease, the former only siightly,
the latter probably rather sharply. It is
almost essentia] tc prepare an estimate of the
cost of repairs required to assure an
additional 12 months of operation. This plus
a review of the equipment file will help in
arnving at a reasonably accurate estimate. A
word of cautiun: Dou’t be tempted to pad
this estimate. The tecord system, as designed,
will soon highlight inaccuracies. It it more
important to retain the respect of finance
and budget review than to attempt a “‘fast
one.” Once the entries for Lines 4, S, and 6
have been detcrmined, the routine is the
same for the first columa,

As for the example illustrated by Figure 36, Line
8 shows the percentaze mcrease over the previous
year in terms of annual cost. It has been found that
once the annual ccst begins (0 increase. the
percentage incieise each year 1s  approx:uately
doublc that of the previous year. This rule of thumb
will help you check the estimates in Columns 2 ard 3.

An earning rate, as indicated on Line 13, s
rcasonably sure to rececive favorable consideration
when it ranges between 10 and 15 percent. Earning
sates greater than 15 percent are considered good
investments in almost any line of business.

The example illustrated represents the usual
problem encountered when analyzing trucks and all
types of off-highway equipment. Replacement studies
invoiving sedans and station wagons frequently
indicate profitable replacements after unusually short
pencds of ownership.

There is a2 much higher demand for used
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passenger cars than for other types nf motorized
equipment. As a result the capital shrinkage rate may
be substantially lcss.

Governments are in a particularly favorable
pusition to take advantage of ilus situation since they
usually are spared the taxe, on new purchases that are
imposed on pnvate buyers. So it 1s not unusual for
governments to experience a first-year depreciation
rate as low as 10 percent.

The same type of 1eplacerent analysis applies to
the passenger vehicle. As a rezult of the conditions
discussed above, it 1s found that a favorable earning
rate (because of the low net investment) will occur
and jusiify seplacement after as bnief an ownership as
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| year. This is particularly true of passenger cars
subject to high usage. For similar reasons, it
fiequently is found that the purchase of
“lop-of-the-line” passenger cars represent a lower
ultimate cost to the government than stapped-down
models of the same class.

Accordingly the fleet administrator should
constantly be aware of the used passenger car market.
Several publications provide this infonination.

In summary, 1t can be stated that savings which
accrue from a replacenent policy based on economic
analysis will offset several times over the entire cost
of the record systems discussed herein.
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APPENDIX G

RESEARCH HYPOTHESIS
STATISTICAL RESULTS AND
MATHEMATICAL COMPUTATICNS

The purpose of this appendix is to provide the mathe-
matical results and statistical computations used in evalu-
ating the research hypothesis.

This appendix is divided into two parts: Appendix G-1
contains the calculations for the vehicles which were cate-
gorized by age; Aprpendix G-2 contains the ralculations for
the vehicles categorized by accumulated mileage.

Within each division, there are five parts:

a) Average Miles per Vehicle Driven

b} Cost per Mile Driven for Period

c) Direct Labor Hours per Mile per Period
d) Vehicle Out-of~Commission (VOC) Ratas
e) Vehicle Down for Parts (VDP) Rates

For the statisticecl analysis of the variables in this
appendix, a confidence level of 0.95 was used. This confi-
dence level means that the researchers are confident that

the null hypothesis will be false 95% of the time that it is

said to be false.

Preceding page blank
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APPENDIX G-1

AGE CATEGORIES

a) Dependent Variable: Miles Driven per Period per Vehicle

Independent Variables: Over Six Years 01d

Six Years 014

Five Year~ 01d

Results
Independent Coefficient
Variable
Over Six Years 01d 557.80
Six Years 01d 755.65
Five Years 014 859.75

The results of the above analysis clearly indicate that,
as a vehicle gets older, it is driven fewer miles per month.

The following graph depicts the above results:
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b) .Dependent Variable: Cost per Mile per Vehicle
Independent Variables: Direct Labor Hours per 1000
Miles
Over Six Years 014

Five Years 0ld

Results
Independent 2
variable Coefficient F to Remove R
DL Hours per 1000 Mi 0.005902 9114.15 .9757
Over Six Years 01l1d -0.030832 0.14 . 9815
Five Years 0ld 0.130626 2.59 .9819
Constant 0.065312

O0f the three independent variables analyzed, neicher
age variable was statistically significant at the 95%
confidence level (F critical = 3.90). Furthermore, the
age variables together accounted for only 0.62% of the

explained variation,
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c) Dependent Variable: Direct Labor Hours per 1000
Independeont Variables: Over Six Years 0ld

Six Years 014

§g§ults
Independent 2 ;
Variable Coefficient F to Remove R j
Over Six Years 01d 110.170427 0.98 .0085 f
Six Y=ars 01d - 1.625038 0.00 .0085
Constant 7.139582

Although there is a considerable rise in the coefficient

for the vehicles over six years old, neither variable tested
statistically significant to predicting the value of the

dependent variable. In addition, neither age variable

contributed significantly to the explained variation.
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d) 'Dependent Variable: Vehicle Out-of-Commission (VOC) Rate

Independent Variables: Over Six Years 01d

8ix Years 0l1d

Results
Independent
Variable Coefficient

Over Six Years 0ld -0.668083
Six Years 0ld 2.851372 3
Constant 4,612083 .
)
Statistical tests were not performed on this regression;: ; é

rather, the interaction between the coefficients was studied ;
to determine if a vehicle over six years old experienced
significantly higher out-of-commission rates, The ?
researchers recognize that the VOC rates are dependent on the

miles driven for the period; however, with the data available,

there does not appear to be a significant increase in VOC

rates as a vehicle excceds the age of six years.
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e) Dependent Variable: Vehicle Down for Parts (VDP) Rate

Indepondent Variables: Over Six Years 01d

Six Years 01d

Results
Independent
Variable Coefficient
Over Six Years 014 -0.897667
Six Years 01d 0.920879
Constant 1.771667

Statistical analysis was not performed on this regres-

sion; rather, the interaction between the coefficients of
the deperdent variables was studied to determine if a
vehicle over six years old experienced significantly

greater out-of-commission rates because of parts nonavail-

i
g
i

ability. While the researchers recognize that the VDP rates

o

are dependent on the number of miles driven for the pericd,

Y

the results of the analysis indicate that there does not

appear to be a significant rise in the VDP rates for vehicles

over six years old.
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APPENDIX G-2

MILEAGE CATEGORY

a) Dependent Variable: Miles per Vehicle per Period
Independent Variables: Over 72,000 Accumulated Miles
. Over 60,000, less than 72,000
accumulated miles
Over 48,000, less than 60,000

accumulated miles

89

Results
Independent
Variable Coefficient

Over 72,000 accumulated 1155.58

miles
Over f0,000 less than 1091.19

72,000
Over 48,000 less ‘han 1453.48

60,000

As was evident in the vehicles categorized by age (see
Appendix G-1), the vehicles with more miles accumulated are
driven fewer miles per month. It is recognized that it is
common practice to send newer, less used vehicles on trips
off-base involving greater distances than on-base use. It
is still impossible to draw a meaningful comparison between
vehicles using rates per month when the mileage driven per

vehicle varies so greatly.
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The following graph depicts the above figures:

L

Average 1300 -
Miles per 1200 . - .
Period 1100 ; . i
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LY  Dependent Variable: Cest por Mile per Vehicle

Inndependent Varzables: Dhrect L

Miles

Cvey 72,000 Mrles

Botlween

Miles

Resultis

Independent

48-60,000C

Hours

per 1000

Joecunelated

Adccumulated

Variable Cocfficient to Rencvn R2

D_.r Lab% Hrs/1000 0.022947 197.86 0.5480
liiles

Cver 72,000 MMiles 0.001145 .00 G.5512

48-6C,000 Miles 0.03I82G6 n.ao I a.es12

Neither accumulated mileage variable proved to be

statistically significant at the 95%

confidence level

(FF critical = 3.90). vueilther variable contrihuted to the

explained variation in the regression eguation.
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¢}  Dependent Variaghle: Direct 5Labor Hours per 1000 Miles

Indopendent Variables:  Cver 72,000 Accurulated Miles

Between 60,000-72,000 Midles

Pesuit s

Indcneniont
Variable Coofficicont F to Raiwove

Ovey 72,000 vvices
Between 6C-77,C00

ML aas

Constant

8 0.033
0.5] C.036

In thig analysis, the fact that a vehicle had accumu-~
lat. 3 over 72,000 miles was statistically significant at

0 mAn €A e~ -
—_ — - A U

tevel (D criticat

i

bY 3.90). In addition,
the variablce "over 72,000 miles" accounted for over 3% of
the explained variation., Consideration is then given to the
fact that the wvehicles which have accumulated over 72,000
miles arye ariven fewer miles per period than the vehicles
which have arcumulated fewer miles. I1f the hicher mileage
vehicles had becon driven as many miles per period as the
lower milecage vehicles, the statistical significance would

have bcen even greatoer.
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d) Dependent Variable: Vehicle

Indopeondent Variabiles: Over 72,000 Accunmulated Miles

Betwceen 60,000-72,000 Kiles

Rcsu[&i

Indcpendant

Variahble Cocfficient

93

Out-of-Conmission (VOC) Ratc

Oveyr 72,000 MMiles
Beotweon 6(,000-72,000
Mileg
Constanrt

-0.178859
-0.870210

10.31¢2682

Statistical analysis was not performed on this regres-

sion; rather, the interaction of the variable coc{ficients

v~

wo S studiced Lo deiermine 1f a vehicle whic

h had accumulated
over 72,000 miles expericnced more out-of-commission time
compared to a vehicle which had accumulated less mileage.

The resecarchers recognize that the out-of-conmission rates

are dependent on the number of miles driven for the report-

ing period. The results of the analysils, however, indicate
that there docs not appear to be a significant rise in VCC

rates for a vehicle which has accumulated over 72,000 miles.
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¢)  Dependent Variable: Vehilcle Down for Parts (VDP) Rate
Indcp~ndent Variables: Qverx 72,000 wmiles
Between 60,000-72,000 miles

Rosults

Independoent
Variable

94

Coefficient
Oves 72,000 im2les -2.717436
Between 60-72,002 miles ~1.58673¢
Constant 5.34476¢9

In this regression, the intcraction of the varilable

cocfficients was studicd to determine if venicles accumu-

—
o
-~
”
e

[N

]
o)
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>

00 miles cupericence more downtime due to
parts nonavailability. Here, too, VDP rates are dependent
on miles driven per period; however, the analysis indicates
that therec is no apparcnt rise in VDP rates for a vehicle

which has accumulated over 72,000 miles.
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Anmcrican Motors Corporation. Porscnal correspondenco
botween . J I'. Buck, Geovernment Co-cerdinator
Fleet and Covernment Saleosg, and the rescarchers,
S5 April 1974,

American Public Works Associatiusn. Persondl corre-
spondence Loiween Mr. Kendall hert, Staff Econo-
mist, and the rescearchers. 18 april 1974,

American Public VWorks Associati n, Duh]wc“tlbrs of
the Amorrcoon rubilc ooz nrl Ll .

Assoclateld Diamend Cabs., DPersonal coerrespondence
betveeon Mr. William W. Wehle, Jr., Mahager, and
the rescarchers. 29 itarch 1974.

Buffay, Jerry L., ¢t al. 2Aging ~nd Lifetime of the
M151 1/4 tbn_Truck. TecAnical MEmorandum FEac-1-479.
Research Analyvsls Corporat

ac
tion, Mchean, Viraginia
July, 19u6.

Chakrin, L. M. "CARS - Computerized Automolile Replace-
ment Scheduling." Unpu®lished lemorandum for File,
Bell Laboratories, Halwmdel, New Jersey, 1973.

Chicago, City of. Telerhone interview with manager of
Purchasing Department. 10 June 1974,

Delta Air Lines, Inc. Personal correspondence between
Ms. Harriette S. Parkcr, Staf? Assistant--~Public
Relations, and the r:searchers. 28 Merch 1974.

Douglasz, James. "Fguipment Policy: The Effect of Down-
time and Obsolcscence on the Life of Public Works
Equipment." Unpubdlished paver presented to the
Anerican Public Works Associlation,; September, 1972,
Minneapolis, Minncsota.

Eastern air T.ines, Inc. Personal ccrrespondence between

Mr. Ciilarivs F. NOLris, SULELVLieauL, Uluwi.d LUJuljanlit
Control, and the resecarchers. 14 March 1974.
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BIOGRAPIICAL SKETCH
MAJOR JOHN A. REIDY, JR.

Major Reidy is a Regular Officer in thz United States
Air Force. He has scrved in management positions in both

the airmunitions and Jlogistics carcer fields. [lis assign-

ments 1nclude detachment, numbered Alr Force and major air

coagmmand levels.

lajor Reidy entered AFIT from HQ AFLC where his
assignment entailcd the iranagement of the Air Force Vehicle
Prograa. His responsibilities included the regquircments
determination, funds control, distribution, supply control
and disposition of atl motor vchicles operatcd worldwide Ly
the Air Force.

Major Reidy holds a Bachelor of Scicnce in Nuclear

Engineering from the University of Notre Dame.
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BIOGRAPHICAL SKETCil
MAJOR DONALD A. SCHNNIDFER

Major Schneider is a carner officer in the United
States Air Force. He has served as a manager in both the
vworking level and staff level of logistics.

Approximately 507 of his Air Force career has been
spent in the surply field with the other 50% spent as a
logistics officer. His assignmonts include detachment,
squadron, wing, air division, numbered Ailr Force and major
air command levels. TFrom 1971 to 1973 he was assigned to
HQ TAC to marcce the Command War Reserve Matceriel program.

Major Schneider noids a Bachielor of Science in

Agricultural Education from Kansas State University.
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