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ECONOMIC LIVES OF ADMINISTRATIVE USE VEHICLES

1. SUMMARY |

1.1 Purpose - Existing guidance on vehicle useful lives and mainte-
nance man-hour standards for Administrative Use Vehicles (AUV's) dates
back to 1963. Substantial changes in vehicle characteristics and costs
have occurred in the last 15 years. This study was directed in order to
update Army guidance on vehicles lives and maintenance man-hour standards.

1.2 Approach - A statistical analysis was performed on data for the :
AUV fleet to determine economic useful lives and maintenance man-hour &
requirements for as many types of vehicles as possible.

1.3 Discussion - Data were obtained from two sources: the TRADOC
Administrative Use Vehicle Management Information System and a special
dava reporting system from six Army installations. Various mathematical
models were tried to determine which would best represent the observed
data. Finally, a class of equations was choosen as best representing
the data. Economic useful lives and maintenance man-hour standards
were then determined from estimated model parameters.

1.4 Conclusions - The following general conclusions have been reached
as a result of this study effort:

1.4.1 Economic useful lives and maintenance man-hour standards
for AUV's can be calculated from currently available data (Tables 6 and
7). This information on lives and man-hours is a valuable management
tool in an effort to reduce costs.

1.4.2 Dedication of additional analysis resources to the Army
AUV management program would provide better information and thus larger
benefits to the Army by continuing studies and improving methodology. v

1.4.3 An Army wide AUV data reporting program would greatly
simplify future analysis efforts.

1.5 Recommendations - The following recommendations should be
considered for implementation by the Army.

1.5.1 Administrative Use Vehicle lives and maintenance man-hour
standards, as given in Tables 6 and 7, should be adopted along with
scheduled periodic reviews.

1.5.2 An organization within the Army should be given the
responsibility and the resources to continue these studies: periodically
updating AUV lives, expanding studies to additional vehicle types such
as maintenance and service vehicles, and developing improved methodology.

1.5.3 Serious consideration should be given to the establish-
ment of an Army wide AUV maintenance management data base in order to
facilitate future analyses.
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2. BACKGROUND

2.1 Guidance - Current Army guidance in the areas of lives and
maintenance man-hour standards is derived from two Department of
Defense Instructions (DODI). Vehicle lives are given in DODI 4150.4,
“Replacement and Repair Guidance, and Life Expectancies for Commercial
Type Vehicles," dated 5 April 1963. Maintenance man-hour standards are
given in DODI 4151.10, “Maintenance Man-hour Input Standards for
Commercial (Transport) Design Motor Vehicles," dated 27 December 1963.
Thus, current guidance is over fifteen years old.

2.2 Taskings - Questions on the adequacy of vehicle lives and
maintenance man-hour standards have increasingly been raised to the
Deputy Chief of Staff for Logistics of the Department of the Army (DA).
In response to these questions the Army Materiel Development and Readiness
Command (DARCOM) was tasked to perform any required studies to update
current guidance. DARCOM headquarters originally tasked the Army
Tank-Automotive Readiness Command (TARCOM) - the Army vehicle manager
to perform studies to update current guidance. However, TARCOM did not
have sufficient resources available to conduct these studies. TARCOM
suggested that the Army Materiel Systems Analysis Activity (AMSAA), a
special systems analysis office of DARCOM, could perform the studies
since AMSAA had performed similar studies on tactical wheeled vehicles.
Work began on these studies in October of 1977 with a target completion
date of 1979.

2.3 Data Sources

A1l major Army commands are required to report certain cost
accounting data for AUV's by AR 58-18, "Administrative Motor Services
Cost and Performance." Each major Army command has the responsibility
of determining the best method for reporting the required data on its
AUV fleet. The Army Training and Doctrine Command (TRADOC) and the
Army Forces Command (FORSCOM? jointly developed a management information
system. Their system has all vehicle information from subordinate ;
installations reported to TRADOC or FORSCOM headquarters, respectively, i
for processing. The DARCOM approach has each installation prepare ;Q
summary information on the installation vehicles for reporting to a (4
processing activity. Thus, there was no single site where all AUV b
maintenance data could be located and no single data format to use in a
complete fleet analysis.

In addition, only required information was collected for either i
the TRADOC/FORSCOM or DARCOM maintenance information systems. One
particular data item required for the originally planned study was not
being reported. This item was the vehicle age in mileage for each
maintenance action. In order to obtain these data, six Army
installations were directed to send copies of their AUV inventories
and of all maintenance data as well as mileage for all maintenance
actions to a central processing site, which was the DARCOM Materiel
Readiness Support Activity (MRSA). MRSA provided preprocessing of

12




maintenance data into a standard format from each of the separate
installations. This standardized information was then provided to AMSAA
for analysis.

The six installations selected for participation in this study
were the two installations from each of DARCOM, TRADOC and FORSCOM with
the largest AUV inventories. The six installations actually participat-
ing were Forts Benning, Knox, Lewis, Schafter, White Sands Missile Range
and Aberdeen Proving Ground. Even though all personnel cooperated fully
in the data collection effort, considerable difficulties were experienced
in obtaining all data because of the special nature of the effort and
the many different people and systems involved.

After noting the continuing problems in smoothly obtaining the
data from the special reporting effort, attempts were initiated to obtain
what was available from the standard reporting systems of TRADOC and
FORSCOM. This effort was also difficult, but the TRADOC data from
1977 and 1978 on its AUV fleet was finally obtained. Thus, this study
uses data from the special reporting effort and from the TRADOC standard
reporting system in a parallel analysis wherever possible.

Aside from vehicle maintenance histories, two additional data
elements were required. These items are the replacement cost of a new
vehicle of each type and an inflation adjustment factor to convert the
1977 TRADOC data into 1978 dollars for comparison purposes. inese data
were obtained from TARCOM. The specific vehicle acquisition costs were
developed by TARCOM by inflating costs from previous contracts. The
inflation adjustment used to convert 1977 dollars to 1978 dollars was
1.07 and was developed from a TARCOM study from the costs of automotive
parts. This inflation factor seemed to be quite accurate since very

similar results were obtained from the 1977 and 1978 TRADOC data analysis.

The acquisition costs used for various vehicle types are presented in
appropriate tables later in this report.

PPy e




3. ANALYSIS METHODOLOGY

3.1 Data Checks - Past AMSAA studies have noted that portions of
the input data contain errors that might affect the overall conclusions
to be developed from the data. Therefore, the data used in this study
were subjected to the same types of data checks as have been applied in
previous studies. For example, datz checks included: mileage and date
inconsistencies, lack of any maintenance during the year, impossibly high
mileage in a short time period, enormously high costs for a year, etc.
These checks led to reductions in the number of vehicles on which data
were thought to be correct enough for analysis. Many of these vehicles
had actually been removed from service, but were retained in the data
base until the end of the fiscal year. The actual number of each type
of vehicle for which an economic useful life could be determined is
given in Table 1. The number of vehicles before and after the data
checks is included in Table 1. The number of each type of vehicle in
the total Army inventory is also given.

3.2 Data Items - A large number of data items were included in the
data base used in this study. However, only a few data items were
considered critical to the study and were thus analyzed in depth. These
data items were:

3.2.1 Vehicle year age of manufacture,

3.2.2 Vehicle accumulated mileage at the beginning of the
data year,

3.2.3 Vehicle accumulated mileage at the end of the data
year,

3.2.4 Total direct maintenance costs for the year,
3.2.5 Total direct maintenance man-hours for the year, and
3.2.6 Vehicle shop days for the year.

One aim of this study was to determine economic lives for AUV's.
Therefore items 3.2.1, 3.2.2 and 3.2.3 were critical. It was anticipated
that increasing age in years and/or miles would result in increasing
maintenance man-hours and maintenance costs. The relationships arrived
at as a result of this study effort are discussed in the remainder of
this report.

Obviously, costs are very critical to economic life. There
are a number of contributing areas to total maintenance costs. These
areas are:

14
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(1) direct materiel costs,

(2) indirect materiel costs,

(3) direct maintenance man-hour costs, and
(4) indirect maintenance man-hour costs.

The direct costs can also be broken into in-house costs and
contract costs, but these were combined in this study. There was also
some question as to whether direct and indirect costs should be considered.
It was finally determined that only the direct costs (1) and (3) could
be directly related to the age of the vehicles under study. Costs enter-
ing into (2) and (4) are overhead costs or costs for items required by
vehicles on a continuing basis. Therefore, it was decided that inclusion
of indirect costs would make detection of direct cost trends more difficult,
because of installation overhead differences and the addition of a continu-
ing cost not related to age. Hence, data item (3.2.4), total direct
maintenance costs, was calculated as the sum of sub-items (1) and (3).

This study was not meant to determine total Army costs. If such costs are
required, some appropriate method of estimating total overhead costs
will be required.

Similarly, it was determined that the maintenance man-hour require-
ments to be studied to set maintenance man-hour standards should be direct
maintenance man-hours. These man-hours included all in-house, military
and civilian, and contract maintenance man-hours. Indirect maintenance
man-hours are mostly administrative overhead and are determined by local
motor pool structure. As such, these hours are relatively inflexible
with regards to the increase of a few hours of maintenance on any one
vehicle. Therefore, only the effect on direct maintenance man-hours of
vehicle age was considered as being estimable.

The last data item examined was shop days (3.2.6). It was
considered important to determine whether shop days increased with
vehicle age. Since no appropriate method of costing vehicle shop days
is known, this item would have to be considered separately in the
determination of vehicle service life. Additional discussion on vehicle
shop days is included later in this report.

3.3 Data Plotting - In any statistical analysis it is important to
visually inspect the data. This check often reveals areas that should
be investigated or suggests what techniques can be most correctly applied
to the analysis. Plots of costs, man-hours, shop days, and miles per
year versus vehicle age in years, mileage and a combination of years and
miles per year are a few of the computer generated plots that were
investigated. These plots guided most of the subsequent analysis.

1o
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One particularly useful type of plot is shown in Figure 1. This
plot can actualiy be considered a series of plots pasted together.
Essentially there is a separate plot for each different age of vehicle
in years in the data base. Each plot gives the variable of interest,
which is man-hours in the example, versus vehicle miles this year for a
particular year of age. When these separate year plots are observed
side-by-side, an idea of the effect of both increasing vehicle age and
mileage driven during the year can be seen. An additional point must be
observed in order to understand these plots. Since these points are
being generated by a computer printer, there is a limited number of
positions a mark on the page can occupy. Thus one mark on the page must
stand for a range of values. In many instances the same age, miles this
year and maintenance costs or each of these characteristics falls within
the range of one position on the computer printer. These occurrences are
marked by either the number of vehicles in that position or by an x if
the number of vehicles in that position is ten or more. These plots were
produced since they could be done quickly and in large variety. Three
examples of actual plots will be given since their study led to the
approach taken later in the study.

These three example plots are Figures 2, 3 and 4. They are
for maintenance man-hours, shop days and total maintenance cost versus
age and usage, respectively, as explained in the discussion of Figure 1.
The vehicle for which data is plotted in each plot is Truck, Cargo,

1/2 Ton, Line Item Number X39598. These plots represent only one-third
of the TRADOC reported data on this vehicle type from 1978. Because of
computer program storage limitations only one-third of the data on this
type vehicle could be analyzed at a time. Actually, this limitation
provided a convenient check on the accuracy of the study methods as
will be discussed later in this report (Section 4.2 - 4.4). Each of
Figures 2, 3 and 4 will be discussed briefly as an indication of the
type of analysis performed using the data plots.

In order to set maintenance man-hour standards it is necessary
to determine what trends exist in maintenance man-hour requirements for
the collected data. Studying Figure 2 led to several conjectures. First,
the number of maintenance man-hours required per year seems to be related
to the age of the vehicle. It appears as though the average number of
man-hours per vehicle for a year is increasing from the first to the
seventh year of use. However, from the seventh year to the eleventh
year the average number of man-hours per vehicle for a year is either
constant or decreasing. These observations are important to remember
when the results of the model fitting procedure are discussed later in
this report. A second observation is related to each year group. For
example, just lTook at the three year old vehicles. As explained in the
discussion of Figure 1, points further to the right correspond to three
year old vehicles that had more miles driven during the year from which
the data are taken. It appears that for vehicles of the same age, those
vehicles that accumulate more miles require more man-hours of maintenance.

18
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Thus, by studying the maintenance man-hour plot, we hypothesize that yearly
maintenance man-hour requirements increase with vehicle age to a certain

point and that these requirements also increase as mileage driven during E
the year increases.

The second example plot is Figure 3 on shop days. A survey of
this plot led to completely different conjectures than the study of -
Figure 2 on maintenance man-hours. First, there does not appear to be
any appreciable increase in the average number of shop days per vehicle
over the first nine years of vehicle use. There may be a statistically !
significant increase in the average number of shop days in the tenth s
year, but the small sample would make difference detection difficult. {4

Secondly, the relationship between miles driven this year for a given age . |4
vehicle and shop days appears to be a negative one, that is, that a t!
vehicle with many days in the shop cannot have been driven many miles or, |9
vice versa, that a vehicle that was driven many miles cannot have been in |3

the shop many days. In general, the shop days plot seems to be fairly
good with the vast majority of vehicles having required fewer than twenty
shop days. However, seven vehicles appear to have over 150 shop days

each. It might be suggested that some investigation of particular vehicles
with a large number of shop days is warranted. The most important
conclusion from the shop days plot is that there does not appear to be a
growth in shop days as vehicles get older, but that there may be a
significant jump at a certain age.

The last example plot is Figure 4, which gives total costs for
G direct maintenance materiel and man-hours. This plot has very similar
characteristics to Figure 2. Thus, we will only give the conclusions
drawn from this plot. First, average costs per vehicle for a year
increase to about the seventh year after which costs tend to decrease.
Second, on the average, the more a vehicle of any particular age is
driven the higher the maintenance cost will probably be. It might also
be noted that very few vehicles had extremely high maintenance costs
for one year. Twelve vehicles had over $1000 reported direct maintenance
costs. These few vehicles contribute a very large portion of the overall
fleet costs. Some discussion later in this report will consider a
method which should prevent extraordinary costs for any individual vehicle.

These three example plots were generated for all LIN's in the | 3
data base. In addition, many other types of data plots were generated It
in a search for relationships which might have been of use in the study |9
effort. In general, it can be stated that, with all LIN's for which a
“large enough" mixture of ages and yearly mileage existed in the data
base, that similar trends were observed in the data plots as discussed
for maintenance man-hours, shop days and direct maintenance costs. Hav-
ing developed these basic feelings about the data, it was necessary to
perform the statistical analysis required to either confirm or deny the
ideas developed on the data interrelationships.
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3.4 Descriptive Statistics - In order to visually present information
about the study data without including all the computer printer plots,
which are somewhat difficult to study, a number of descriptive statistics
were calculated for characteristics of interest. Characteristics considered
are:

3.4.1 Vehicle mileage at the end of the year,

3.4.2 Vehicle miles driven during the year,

3.4.3 Total direct maintenance cost for the year,

3.4.4 Total direct maintenance man-hours for the year, and
3.4.5 Shop days during the year.

For each characteristic, means, standard deviations and ninety-five percent
confidence intervals on the mean (assuming a normal distribution) were
calculated on a year of age and all years basis for all LIN's on which
data were available. For LIN's for which an economic useful life could
be established, these values are plotted on the graphs for each
individual LIN. These graphs are contained in Appendix B to this report.
It is realized that some characteristics of interest may not be normally
distributed, in fact Figure 3 shows that shop days are far from normally
distributed. Thus, the 95 percent confidence intervals for the mean will
not be exact. Howcver, means of any characteristic will tend to be
normally distributed and in any case these descriptive statistics are
just meant to be suggestive of the information in the data. Therefore,
it was determined that the use of the normal assumption would provide
some measure of the spread in the data without leading to seriously
erroneous conclusions.

3.5 Regression Analysis - A statistical tool often used to detect
trends is linear regression. This technique provides a means of comput-
ing the best estimates of the parameters for models which have linear
parameters. Statistical tests are available to determine whether estimated
parameters are statistically significantly different from zero. In order
for the theory of linear regression to completely apply a number of
conditions must be met. These conditions include:

3.5.1 Homogeneity of variances (or data spread) in the
dependent variable,

3.5.2 Normality of the residuals (or errors in prediction
from actual values being bell shaped), and

3.5.3 Correctness of fit of the model.

Next page is blank.
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Residual plots were examined and no serious problems were detected.
Therefore, it is felt that the regression techniques employed are robust
enough to determine a reasonable estimate of trends even if all
statistical assumptions were not completely met.

The data were fitted to a large number of candidate models using
Tinear regression techniques. Several of the examined variables included:

S5 el

(a) Y for vehicle age in years and powers of Y, i.e., Y%, Y7,
4

Y Ys, etc.
(b) E for vehicle ending mileage, and powers of E, etc.,

(c) B for vehicle beginning mileage and powers of B, etc.,
(d) 1/Y, or the reciprocal of age and its powers,

(e) 1/(E-B), or the reciprocal of miles traveled this year,
(f) Yinear combinations of the above.

The fitting of models to the data generated a lot of computer paper and
very little information. What was learned was basically that little was
gained in the explanation of vehicle maintenance costs by having more
complicated models. In many cases, the parameters estimated were not
statistically significantly different from zero. Even when the para-
meters were judged nonzero, they added very little to the predictive
power of the model (i.e., the residual standard deviation or the
unexplained differences between actual data and the model prediction
remained large). Therefore, in order to continue the analysis, it was
determined that a small number of model equations would be applied to
all vehicles to conduct the analysis.

3.6 Family of Equations - The two basic characteristics which were 4
modeled are (1) maintenance man-hours (MM) and (2) maintenance costs .‘3
(MC). These characteristics can either be estimated on an instantaneous I3
basis or on a cumulative basis. Instantaneous maintenance cost (IMC) can
be predicted per vehicle age for any year Y. This prediction is written [
as IMC(Y) indicating that the instantaneous maintenance cost is a function !
of the vehicle age. Cumulative maintenance costs (CMC) can be predicted >i
up to a particular mileage M and be denoted as CMC(M). The small number
of equations chosen as candidate predictors are:
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(1) IMC(Y)

i

a. +a,y |3

0 1
1 2

(2) IMC(Y) = ag * a]Y + a2Y

(3) IMC(Y,E,B) = a + alY + b(E-B)

(4) IMC(Y,E,B) = aj + a Y + a,¥° + b(E-B)

(5) CMC(E,B) = ay + a,(E-B) + a,(E%-8%)
where Y is age in years, E is ending mileage this year, B is beginning i;
mileage this year and the ai's and b are estimates of the parameters %ﬂ

derived from the regression procedures.

Equations (1) and (2) have the familiar linear and quadratic
shapes. For example a quadratic, equation (2), is shown in Figure 5(a).
With equation (4), there is an added correction in the prediction for
miles operated during a year. This type equation is plotted in Figure
5(b). Note that the more miles driven in a year, the greater will be
the prediction for that years cost of maintenance. However, since it
is expected that not all vehicles will cost the average amount for any
given set of conditions there will be data scatter about the predicted
values. Therefore, actual data might appear as in Figure 5(c) where the
dots represent actual data points. This scatter would be represented
statistically by the addition of a term ¢ to equation (4), where ¢ is
some normally distributed random variable. The model of Figure 5(c)
should be compared to the actual data plotted in Figure 4. This should
provide some insight as to why these particular model equations were
chosen.

SEIRNEL TR o NN

It was also planned to compute economic lives based on total :
accumulated mileage. The previous models for estimating cost per mile e
for various mileages was dependent upon detecting trends in average cost
per mile for various mileage intervals as depicted in Figure 5(d).

However, in this study the data were too sparse to permit such an
analysis. This occurrence was expected, since maintenance costs for an
individual vehicle are zero for mileage intervals in which no work is
performed and are extremely high for a mileage interval in which a

high cost repair is needed. Past experience has shown difficulties

with employment of fitting procedures to detect trends in average mainte-
nance costs per interval when fewer than fifty vehicles were represented
in each interval. There were only one or two LIN's for which the vehicles
achieved the high density and distribution required for this type of
analysis.

In order to continue the analysis of economic lives in terms
of mileage, a procedure of fitting cumulative maintenance costs for
each vehicle was used. This model assumes a quadratic cumulative
maintenance cost curve of the form:

Next page is blank.




0 + 2 M+ aZMZ.
This equation predicts maintenance costs from O miles up to M miles.
Higher order curves were attempted but were found to be no better than
the quadratic case. The cost data available in this study were the
cumulative cost from a beginning mileage, B, to an ending mileage, E,
for the one year data collection effort. Therefore,

CMC(M) = a

cMc(B, E)

i

CMC(E) - CMC(B)

2
2 ).

a, (E-B) + a, (E“-B

! 2 (
It was found desirable for some LIN's data to retain a constant term a

leading to model equation (5). This constant term often significantly
improved the data fit. Such a constant term represents a fixed yearly
cost, such as scheduled maintenance costs which is time and not mileage
dependent. Thus, model equation (5) was fitted (for consistency) to each
vehicle's direct maintenance cost, beginning mileage and ending mileage.

0

Each model equation was fitted to all the LIN's for which data
were available. The resulting parameter estimates were then examined
to determine which were statistically significantly different from zero.
For many LIN's the fitted parameters were not found to be different
from zero. The reasons for the lack of fit were usually too few
vehicles in the data base or too few year classes of vehicles when
substantial numbers of a LIN were in the data base. Only ten LIN's
were represented in the proper quantities and age mixtures to allow
significant fits to be estimated. '

For those LIN's for which models were fit, an interesting out-

come was observed. In most cases, the best fit was provided by a model re
of form (2) or (4). What was surprising was that the parameter a, was ]
negative. This occurrence indicates a downward trend in costs after '

a particular age. This trend is the same type of trend conjectured
about in Section 3.3 on data plotting. If this equation were blindly
accepted, all vehicles should be kept as long as possible since they
would be estimated to become cheaper to operate. Some explanation ,
for this unexpected behavior is obviously required. o

Present Army policy calls for vehicle replacements to be made
on an age or mileage basis. Therefore, a local motor pool manager
expects to obtain some replacement vehicles for his oldest vehicles.
This may lead him to defer maintenance whenever possible on older
vehicles. Secondly, there are maximum maintenance expenditure limits
which have been set to prevent expensive repairs on older vehicles.
Both of these factors may be acting to reduce the cost per year for
older vehicles, even after the adjustment for mileage usage of equation
(4) is made to accommodate the lower annual mileage of older vehicles.

29




If new longer economic lives are established, more repairs may be
required to keep the older vehicles running. Therefore, current costs
for older vehicles are not a good projection under a changed policy.

It was decided that a better estimating procedure would be to
omit the data on the very old vehicles. When the model equations were
fitted to data for newer vehicles only, a linearly increasing cost trend
represented by equations (1) and (3) was obtained. These inearly increas-
ing cost trends provide the best estimates of costs for older vehicles for
changing policies. Therefore, the linearly increasing cost trends for
the years before the downward cost trends have started were used as the
appropriate estimators in the remainder of this analysis.

3.7 Calculus of Model Eguations - In the last section, it was suggested
that equations of the following two forms were most appropriate for
determining cost trends:

IMC(Y)

aO + a]Y, or

"

IMC(Y) = a, + a,Y + b(E-B).

0 1

The interpretation of these two equations is that costs increase linearly
with age and may linearly increase for more operating mileage within a
year. It will be shown in this section that only the 3y term is important

in determining economic useful lives. Therefore, when the E-B term was
significant, the average annual mileage computed as a mean, as discussed

in Section 3.4, was substituted for £-B. Thus, all predictive equations
are of the form:

IMC(Y) = a * a]Y.

This is simply a linearly increasing function similar to the plot in
Figure 6(a). By integrating IMC(Y), an equation for cumulative mainte-
nance cost, CMC(Y), is:
i 1
cMc(Y) = aOY + > VT
By adding acquisition cost (ACQ) to the CMC equation, total system cost
(TSC) up to the Yth year will be:
3
TSC(Y) = ACQ + ag¥ + — V2.
By dividing the total system cost by the number of years, Y, the average
system cost per year (ASC) will be calculated. This equation represents
the average yearly cost expenditure for new vehicles and maintenance
costs if all vehicles were replaced in the Yth year. The graph in
Figure 6(b) shows ASC which can be expressed as:

a
ASC(Y) = A—$9+ ag * —;v.
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The minimum point of the average system cost curve would be the most
economical age at which to replace each vehicle. This minimum point is

normally called the economic life of the class of vehicles to which the
model equations apply

It is easy to analytically determine where this minimum point
occurs. This point is found by solving the derivative of the ASC
equation for zero points. For the present model equation the minimum

will occur at:
v < [2:ncq) 1/
ay :

1f IMC and ASC are plotted on the same graph, as in Figure 6(c), they
intersect at the minimum of the ASC curve. Beyond this point, mainte-
nance costs per year will be greater than the average of acquisition
cost and maintenance costs up to that year, which causes the ASC to
start increasing. Thus, simple equations exist to compute economic lives
and average system costs for various fleet replacement policies.

As already mentioned, current replacement policy is not a fleet
replacement policy. Presently, some vehicles may be removed from the
fleet because they are close to the replacement age and require repairs,
the costs of which would exceed some repair expenditure limit (REL?.

This policy will result in lowered average fleet costs. Improved REL's
called Primary Repair Expenditure Limits (PREL) as in Reference 4 can
be calculated from our estimation equations. First total system cost
can be plotted as in Figure 6(d). Then a line drawn through the origin
to the TSC curve which has the minimum slope, will be tangent to the TSC
curve and will have slope equal to the minimum average system cost.

The point of intersection will be the economic life. Fleet cost per year
will be lower than under a group replacement policy if the distance
between the tangent line and the TSC curve is set as the PREL for any
age vehicle. This PREL requires that a current repair cost plus future
expected repair cost averaged over the remaining time to the economic
life will not exceed the minimum average system cost.

It is easy to analytically express the PREL for our particular
model equation. The PREL is:

a
1 e

> ¥,

By making appropriate transformations the equation for PREL can be put
in a simpler form based on percentage of economic life and percentage
of acquisition cost. The simplified equation is merely:

PREL(Y) = ACQ - (2-AcQ)'/%.a /2y +

PREL(X) = 1-2X+X°.

Y

R ——

T #

BTEE, 2 e
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Here, X is the percentage of economic life at the current age and the
value of PREL(X) will be the maximum percentage of current acquisition
cost that can be spent for a one time repair. It is also normal practice
to limit any one time repair to fifty percent of current acquisition
cost. Past experience has led to the conclusion that extremely expensive
repairs are often unsatisfactory even after they have been made. A plot
of the percentage PREL is given as Figure 7. This figure can easily be
used to establish any required one time repair expenditure limit.

An example of the use of PREL follows. Assume vehicles of LIN
N have a ten year economic life and a current acquisition cost of $5000.
A six old vehicle of this type requires a major repair for which the
estimated cost is $600. This vehicle is at sixty percent of its economic
life, so the PREL can either be calculated or read from Figure 7.
Calculation yields PREL(.6) = .16. Therefore, only sixteen percent of
cost of a new vehicle should be spent for this repair. Thus, up to
$800 may be spent for this repair and the work should be accomplished.

It should be noted that all the above discussion has been
based on economic lives. An implicit assumption is that the same
benefit can be derived from the vehicle at all times. It is quite
possible that influence other than economic ones could lead to earlier
replacement of vehicles than the economical policy suggests. An example
would be critical safety hazards associated with older vehicles in terms
of structural integrity. Other regulations such as fleet gasoline mile-
age standards might require old vehicle replacement. In any case,
careful study will be required to determine if the service life of any
vehicle should be set at the economic life or some lesser age.

The previous discussion has all been in terms of years. However,
all the derivations can, of course, be performed in terms of mileage as
well as years. Thus, results for economic lives in terms of mileage
will be given without further discussion or explanation.
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4. ANALYSIS RESULTS

4.1 General Results

Page plots and descriptive statistics were generated for all
& LIN's of vehicles represented in the data sources. Also, general model
equations were fit to the data. After this preliminary analysis of the
data only ten specific LIN's, of 86 originally examined, were determined
to have enough vehicles with a representative mix of years and accumulated
mileages for the analysis to proceed. Computer descriptive statistics or ;
model fits are not provided for vehicle types not continued in the analysis. [
Attempts are being made to combine the 1977 and 1978 TRADOC data and/or
to combine vehicle types with similar characteristics but different LIN's.
No results from these analyses are available for this report.

s —

For the ten LIN's continued in the study, the first runs of {4
the model fits were examined. In all cases except the compact sedans, y
a downward quadratic was significant in the data. The later years
where maintenance costs started dropping were removed from ]
consideration in the model fitting procedure. he whole series of 1
model fitting was reapplied. In all the new models, significantly b
increasing linear trends were observed and the downward quadratic trend
was completely or mostly eliminated. These models were assumed to be
the best predictors for costs and maintenance man-hours. Details on
each of the studied LIN's is presented in Appendix B.

For each LIN type in the appendix, there are two years worth of
data: TRADOC 1977 and 1978. For each LIN and year data, there is a cover
sheet and seven graphs. The cover sheet contains the vehicle type LIN,
nomenclature, acquisition cost, average annual mileage and information
on the models' fits. Models are given for instantaneous maintenance
cost in years and miles and for instantaneous maintenance man-hours in
years. The estimated coefficients used in these equations are all
statistically different from zero at the .95 significance level. Also, b
the residual standard deviation (RSD) is given for each model. The ,%

|

size of the RSD indicates how well the model predicts the behavior of
individual vehicles for the characteristic being modeled. It is quite
possible to have a very good average fit which may not be a good

predictor for individual points. For the instantaneous maintenance :
cost curves, the value of the variable that minimizes the average ;

! system cost is given, as well as the minimum average system cost for ;7
g the group replacement policy. Finally, a few additional thoughts, 3
comments or cautions on this particular LIN vehicle type are given. H

Seven plots have been provided for each LIN type. These curves '
all have specific uses and can also be used to compare differences
among LIN's and between the two years of data. A short explanation of
each plot is provided in the following paragraphs.
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The first plot is the number of vehicles involved in the study
versus the age of the vehicle in years. Normally, the more vehicles
available in a given age the better an estimate can be made of the
cost and maintenance man-hours for that age. |

The second plot is the average annual usage, in miles, for the
vehicles of each age in the study. There are three points for each
age. These points are: x for the mean, and v and A for the 95 percent
lower and upper confidence bounds, respectively. These bounds and all
other bounds are based on the assumption of a normal distribution as
discussed in Section 3.4, Descriptive Statistics. These annual usage
values are important since costs and man-hours are directly related to _ |
usage. The declining yearly usage for older vehicles is often evident {14
in these plots. The interaction between decreasing usage and increasing
costs per mile are sometimes evident, as in the plots for the panel truck.

The third plot gives the average ending mileage and 95 percent £

confidence bounds on ending mileage for each age of the subject LIN. -1
These plots show the relationship between age and mileage. What can be 3
noted clearly in many cases is that the older vehicles are the low mileage t
vehicles. -
i

The fourth plot is more complicated than the others, but it is i

also more interesting. The average cost per year and the 95 percent
confidence limits are given for each age. The solid line is the
instantaneous maintenance cost prediction, assuming that each age vehicle
has the same average annual usage. The differences in the average -
annual usage among the years often explain why the predictions may not i
seem to fit the means properly. The dashed curve is the average annual &
system cost. These two curves intersect at the minimum of the average L
system cost as explained in Section 3.7, Calculus of Model Equations. I
The similarities of the cost curves for the 1977 and 1978 TRADOC data i3
were surprising, but welcome in that they indicate consistency of the 1
data from year to year. '

The fifth plot is cost per mile versus mileage. The solid
line is the instantaneous maintenance cost and the dashed curve is the
average system cost curve. As explained above, the two curves intersect |
at the minimum average system cost. \

The sixth plot is on maintenance man-hours. The distinct points
are the mean and 95 percent confidence bounds on the average annual man-
hours for each age. The straight line is the predicted average yearly
maintenance man-hours, assuming all age vehicles accumulate the average
annual mileage. The comments made about the fourth plot on the effects
of deviations from the average annual mileage apply to this plot as
well as to the fourth plot.




The last plot is shop days per year by age. These points are
the mean and 95 percent confidence bounds on the mean of the number of
shop days per vehicle by age. These points should be considered in
determining service life, because it is possible that vehicle nonavail-
ability might increase for older vehicles without greatly increasing
the cost of maintenance. For example, it may be almost impossible to
find required repair parts. The resulting increase in vehicle nonavail-
ability would be a good reason to set a service life which is less than
the economic 1ife. No attempt was made to fit nonavailability or shop
days since the data were clearly not normally distributed. Most vehicles
had few shop days, but a significant number had a surprisingly large
number of shop days. For this same reason, the confidence limits in
this case have less statistical validity than the other characteristics
and should only be regarded as gross measures of data variability.

For almost all LIN's there are two sets of plots corresponding
to the 1977 and 1978 TRADOC data. However, for LIN X39598, Truck Cargo
1/2 ton, it was necessary to split the data into three sets for each
year of data. This split was necessary because of data handling
limitations with some packaged programs used in performing the regression
analyses. These sets were systematically extracted from the data by
taking every third vehicle for one set, etc. Thus, there are six
distinct estimates of the life for this particular LIN,which provides
a very good check on the repeatability of the study results. The next
section will show how surprisingly close these estimates turned out.

4.2 Economic Useful Lives in Years ~ Table 2 summarizes the
information on the lTives determined for each LIN for the two years of
data available. Also, this table lists the presently established DOD
lives of these vehicles for comparison and the vehicle replacement
costs as provided by TARCOM. For each of the lives, the estimate of
average system cost at that age is given. The change in average system
cost ?AASC) gives an indication of the yearly average savings that
would result from a change in life policy, if all vehicles were replaced
only at the specified 1ife and if the fitted equations exactly predicted
the average costs. It is not possible with the current methodology to
predict the effect of either the present or PREL of this report on the
average yearly system cost, therefore actual cost estimates cannot be
presented. As noted in the table, only two LIN's, BP4441, Auto Sedan
Compact, and X39893, Truck Cargo 1 ton, do not have increased lives
indicated by this analysis. Also of interest is the similarity of the
estimates obtained with the 1977 and 1978 data. By examining the average
system cost curves in Appendix B, it can be observed that these curves
are very flat in the region of the minimum. Therefore, it was expected
that small differences in the slope of the instantaneous cost curve would
produce large changes in economic life, but results were quite close.
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In order to visually examine the estimated economic useful lives,
a plot of useful life versus acquisition cost was plotted on Figure 8.
On this graph the remarkable consistency of the calculated useful lives
can be seen. Also, there is a trend, which is that more expensive
vehicles have longer lives. However, the 1/2 ton cargo and panel trucks,
(X39598 and X54805) last longer than expected. Also, the 1 ton stake
and cargo trucks (X56038 and X39893) do not last as long as their high
acquisition costs predict. Possible explanation for these differences
might be that the 1/2 tons are not being used in a severe role, rather,
more as a passenger vehicle than a cargo truck. While the 1 tons are
not used as passenger vehicles, they do have a heavy load which provides
for increased wear and thus accelerating maintenarce costs. Of course,
these suggestions are merely speculation and some checks might be made
into usage patterns of these vehicles. HNote that this graph does not
contain the truck tractor 28000 GVW, X60185, because of its enormous
acquisition cost ($18,422).

One particular use of this figure might be to predict economic
useful 1ife for vehicles on which sufficient data are not available.
For example, assume that the Army was considering purchasing a 1/2 ton
truck for a cost of 5000 dollars. The usage and payloading would be
between a 1/2 ton carryall and a 1/2 ton pickup. This figure would
suggest that an economic life of 12 to 13 years would be a reasonable
first planning assumption. Hopefully, data would be accumulated and

analyzed on this vehicle as it aged so that better future determinations
could be made.

4.3 Economic Useful Lives in Miles - Table 3 summarizes the economic
useful Tives determined in terms of mileage. The interpretation of this
table is entirely similar to that of Table 2 on economic lives in years.
However, additional rows have been added for inclusion of the economic
useful lives in terms of mileage estimated from the data specially
reported by the six installations identified earlier in this report.
Dashed lines in the table mean that useful lives were either not
indicated by the best fit obtained or no fit was obtained. Again, a
surprising amount of consistency is present in the estimates. It is
interesting to note that the lives of the one ton trucks are estimated
to be less than the currently established lives. Again either
exceptionally high maintenance costs are occurring for these trucks,
or the replacement cost estimate is too low.

Again, as with the economic lives expressed in years, a plot of
economic lives in miles versus acquisition cost has been prepared. This
plot is shown in Figure 9. Conclusions drawn from this figure closely
parallel the discussion of the corresponding plot in terms of years.
There is more variability in the estimates of lives in terms of miles
than there was in terms of years. However, this is mostly a subjective
feeling and depends heavily on the scaling of the data axis involved.
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4.4 Maintenance Man-hour Predictions - The direct maintenance man-hour
estimates for each LIN are given in Table 4. These estimates also
demonstrate good consistency from 1977 to 1978. In order to make the
best single predictions, the equations for each LIN have been averaged
together and rounded off. These best estimates are given in Table 5.

As an example of the use of Table 5, assume that a transportation
motor pool has 20 compact sedans that are 4 years old and that these sedans
average 10,000 miles a year. One four year old sedan compact is expected
to require 42 man-hours of maintenance at 13,000 miles a year. At 3000
fewer miles a year, a downward adjustment of 3 man-hours is made for the
vehicle. Thus, any one vehicle is expected to have 39 hours of mainte-
nance or all twenty will need a total of 780 man-hours of maintenance.
Similar calculations would need to be performed for all vehicles in order
to estimate total motor pool direct man-hour requirements. However, it
was not possible to get estimates of man-hour requirements based on age
for all LIN's. Work on additional LIN's is proceeding and overall averages
could be obtained as a first estimate if required.

These maintenance man-hour requirements should be carefully
reviewed before a decision is made to increase the service lives of
a significant number of vehicles. It is probable that more maintenance
man-hours would be required from current facilities than possible if
the service lives of large numbers of vehicles are increased. This
would result in decreased availability of vehicles and therefore less
benefits. Another approach would be to expand facilities, but this would
require a larger capital expenditure than that required to buy new
vehicics. Therefore, the impact on maintenance facilities and manpower
resulting from increasing service lives of vehicles should be
carefully considered.

Figure 10 shows the graphs of the estimates of maintenance
man-hours for all LIN's per 1000 miles of yearly usage. It should
be remembered that these estimates were all based on a particular
observed average annual usage. It is not expected that the relation-
ship of direct maintenance man-hours to usage would be linear over the
annual usage for the total ranges of usage. However, this graph is
instructive. Note that the 1/2 ton trucks have the lowest maintenance
man-hour requirements. Also, for all practical purposes, there is
no difference between the 1/2 ton cargo or carryall trucks and only
slightly higher man-hour requirements for the panel truck. The 5 ton
trucks also exhibit similar maintenance man-hour characteristics. The
compact sedan estimate has a surprisingly rapid increase in maintenance
man-hours. The 1 ton cargo and stake trucks and the 1/2 ton utility
trucks (4x4 and 4x2) show high requirements and rapid increases in the
required direct maintenance man-hours.
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In order to simplify Table 5 with respect to estimation of
man-hours, several LIN's can probably be combined. These would be the
1/2 ton cargo and carryall trucks, the 5 ton stake and tractor trucks,
and perhaps the 1 ton stake and cargo trucks. Further consideration
needs to be given to the types of equations required for manpower staf-
fing purposes at installation motor pools.
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5. POSSIBLE IMPROVEMENTS i

5.1 Current Study - As already noted, a sufficient data base existed
to allow economic Tives and maintenance man-hour standards to be estimated
for only ten different LIN's. Work is continuing to combine the 1977 and
1978 TRADOC data bases. Once this merger is complete, several more
LIN's should be candidates for a useful life determination. A different
possibility would be to combine several LIN's for which vehicle character-
istics are very similar. A quick review of the data plots reveals no
good candidates for such combinations, but there may exist some suitable
LIN's. A final possibility would be to continue the study with an 3
additional year's data from TRADOC and, hopefully, FORSCOM. Combination L4
of all the data then available should allow economic 1ife determination {4
for many more LIN's. In any case, analysis should continue, since the
Army will probably be expected to develop economic life estimates for
all AUV LIN's and other types of vehicles as well.

For those LIN's already studied, additional analysis could be
performed. This work would primarily be in the areas of result sensitivity B
and statistical confidence. The effect of changes in acquisition costs
or the estimates of instantaneous maintenance costs should be developed.
The final aim would be to establish the amount of confidence in the
economic lives which have been generated.

There are other possible improvements that might prove worthwhile
to explore if time and resources are made available. One possibility
is the inclusion of costs for vehicle nonavailability, indirect maintenance
man-hours and materiel in the cost estimates, although none of these
factors is expected to significantly alter the estimated useful lives. As
already noted, the model equations developed in this study are not good o
individual vehicle cost predictors even though they are good average fleet
cost predictors. It might be possible to develop a better predicting model
by the incorporation of additional factors. Such factors might include: |
geographical location, vehicle manufacturer, use conditions, etc. For
instance, there might be significant cost savings to the Armmy in retaining
AUV's longer in the deserts of the Southwest than those in the snow and salt
of the Northeast. Different manufacturers' vehicles may have different
economic lives. The possibilities of improvements go on and on.

However, even if all these improvements were made, the type of
methodology used in this report would still have a basic fault. The
whole approach is based on a group replacement policy at a given age
and mileage. It is possible to show that fleet costs can be reduced by
use of other replacement policies, such as the primary repair expenditure
Timits discussed earlier in this report. However, no predictions are
available for the fleet costs under the primary repair expenditure limits
policy. There is also no way to predict the number of replacement vehicles
that would be required because of vehicles exceeding the Timits in any one
year. The two items of policy costs and vehicle replacements required
are necessary for planning purposes.
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5.2 Improved Approach - It is worthwhile to consider the type of
study that would be needed for planning purposes. First, the methodology
should provide the optimal policy for vehicle replacement. Secondly,
all important quantities should be estimable for the optimal policy.
These estimates would be fleet cost, man-hour requirements and vehicle
replacements. A third feature would be the ability to evaluate alter-
native policies. It is entirely possible that the optimum policy might
not be followed because of new vehicle capital expenditure restraints.
These restraints would require changes in vehicle replacements available
and thus have an impact on fleet maintenance costs and manpower require-
ments. Finally, the methodology should be usable to determine how to
proceed from the current fleet status to approach the optimal fleet
status. In fact, the groundwork for such methodology has been developed.

A special study group of the British Army was set up at the
Royal Electric and Mechanical Engineers Data Center in the early 1970's.
This group spent considerable time on the problem of vehicle replacements.
Their approach develops estimates of the distributions for the number of
repair visits and the costs of these bisits based on the age of the
vehicle. Once these distributions are estimated a statistical model and
optimizing routines can be applied. Using the statistical model, basic
factors such as fleet cost, maintenance man-hours and vehicle replacements
can be estimated for any repair policy. The optimizing routines estimate
the optimal replacement policy. Currently, this Activity does not have
sufficient information to conveniently implement this methodology, which
is documented in Reference 6, on Repair Limit Replacement Methods.
Efforts are in progress to obtain additional details from the British.

This improved approach has an additional benefit. Once basic
distribution shapes are known, it generally takes less data to estimate
the distribution parameters than it takes to actually have data on costs
or man-hours under many different conditions and then attempt to use
linear regression as an estimator. Thus, it would be easier to study
factors such as geographical location or manufacturer differences than
with the methodology used in this study.

49




6. CONCLUSIONS

6.1 Vehicle Lives - The results of this study indicate that the
economic lives of some vehicles can be extended from their current
established lives. While considerable cost savings are indicated in
some cases, there is some risk involved in making large increases in
vehicle lives. These are: that the predictions for maintenance cost 1
might not hold, that vehicle availability might fall because of a lack §
of parts supply and that the vehicles may suddenly collapse due to ‘
corrosion or fatigue. Therefore, it is thought to be prudent to pick l
the lowest estimated economic 1ives of Tables 2 and 3 as the new economic ¥
lives. These lives are given in Table 6. The impact of any changes y

!
{

in lives on maintenance support should be evaluated before any policy
changes are adopted. The maintenance burdens caused by increasing the
vehicle lives may not be supportable. Also, studies such as this should
be continued to determine if projections of maintenance costs were valid.
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TABLE 6. RECOMMENDED ECONOMIC LIVES

TEWE - Ry

Economic Lives

Age In Age In b
Nomenclature LIN Years Mileage (x 1000) v
Auto Sdn Cpt 804441 6 80
Trk Cgo i T X39598 13 120 '
Trk Cgo 1 T X39893 7 75 :
Trk Ca s T X42064 13 120
Trk Pnls, T X54805 12 120 X
Trk Stk 1 T X56038 9 80
Trk Stk 5 T X56483 20 130 ¥
Trk Tctr 28000 GVW X60185 20 175
Trk Ulty 4x2 X61518 9 110 i
Trk Ulty 4x4 X61655 9 115
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6.2 Repair Expenditure Limits - With the increased vehicle lives in
Table 6, 1t is even more important that an effective repair expenditure
limit policy be adopted. There will be more major repairs required on
older vehicles and many of these repairs will be uneconomical to complete.
The best repair expenditure limit that can be derived from the current
methodology and data is explained in Section 3.7. Thus, the percentage
repair expenditure limits of Figure 7 should be adopted as policy if
vehicle lives are extended. However, adoption of any repair expenditure
Timit replacement policy presents a problem, since current methodology
does not provide an estimate of vehicle replacements required when a
repair expenditure limits policy is in force. Therefore, it is recommended
that further studies be undertaken which would allow replacement require-
ments to be estimated.

6.3 Maintenance Man-hour Standards - The results of this study
indicate significant changes in maintenance man-hour requirements based
on a vehicle's age. The recommended estimates for maintenance man-hour
requirements are given as Table 7. These estimates are for a year's
maintenance for vehicles of any particular age, Y, at the average annual
mileage for that type vehicle. An adjustment is provided for use in
areas where the average annual mileage is above or below that for the
fleet. One problem should be noted for these estimates. These equations
assume that all required maintenance for a vehicle will be performed
regardless of vehicle age. These estimates will be high for older
vehicles on which repairs may not be performed because of the repair
expenditure limits. It is again recommended that a procedure be developed
for determining how many vehicles of a particular age will be determined
non-economically repairable because of the repair expenditure limits.




TABLE 7. RECOMMENDED MAINTENANCE MAN-HOUR ESTIMATES

Adjustment Man-hours
Annual Usage Man-hours Per Per 1000 Miles From

_.,._-_.“.,.4,.

R T

R B W

Nomenclature LIN Miles x 1000 Year by Age(Y) Annual Average
Auto Sdn Cpt B04441 11.5 -3.68 + 10.81Y @
Trk Cgo 5 T X39598 8.0 5.60 + 3.52Y 1.1
Trk Cgo 1 T X39893 7.4 3.11 + 13.76Y 2.5
Trk Ca 4T X42064 10.5 5.78 + 4.31Y 0.8
Trk Pn1 4 T X54805 6.9 4,90 + 4.21Y Q.7
Trk Stk 1 T X56038 6.4 -4.80 + 9.09Y 1.4
Trk Stk 5 T X56483 5.7 20.98 + 3.31Y 3.5
Trk Tctr 28000 X60185 5.8 14.20 + 4.41Y 3.7
Trk Ulty 4x2 X61518 5.6 -2.63 + 7.00Y 0.6
Trk Ulty 4x4 X61655 5.0 1.90 + 8.00Y 1.1
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6.4 Policy Changes - In each of the three previous conclusion
sections, it was necessary to include cautions on the limitations of this

study methodology. In each case, further study was recommended. However,
if past history is any indicator, it may be another 15 years before AUV
lives are again addressed. The reason for this lack of attention is
clearly stated in the report entitled, "Policies to Reappraise Economic/
Useful Life," by the Logistics Study Office of the DARCOM Army Logistics
‘Nanagement Center, Reference 7. Their study points out that there are no
Army regulations setting requirements or responsibilities for the conduct
of economic useful life analyses. The topic of equipment lives is seldom
raised until budget money becomes difficult to obtain. This fact is regret-
table because the Army has a considerable investment in its AUV fleet.

It is recommended that some agency be given the responsibility and
resources necessary to effectively attack the vehicle economic life
problem. It is anticipated that the cost benefits of such a commi tment
can be easily proven.

A problem encountered in the development of this study was
that each major Army command can develop its own AUV data management
system. This policy has led to separate systems, some of which cannot
readily be used for new studies since they were developed only to provide
required summary data. Even when the proper data are available, contact
with many agencies is required to actually obtain the data. Whatever
agency is given the economic analysis responsibility should be given the
authority to require that basic maintenance data be reported in a standard
format to some central data base for analysis.
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DEPARTMENT OF THE ARMY
OFFICE OF THE DEPUTY CHIEF OF STAFF FOR LOGISTICS
WASHINGTON, D.C. 20330

§-31 May 1977
01 pec 1976

" DALO-TSM-P

: SUBJECT: Life Expectancy Years and Miles for Commercial
Design Vehicles

Commander

US Army Materiel Development s
and Readiness Command

ATTN: DRCMM

5001 Eisenhower Avenue

Alexandria, VA 22333

1. DA has received numerous inquiries concerning the validity
of the current lifc expectancy in years and miles for con-
mercial design vehicles. Improvements in automotive engineer-
ing and technology have generally led toward longer life
expectancy.

2. Current DOD life expectancy years and miles criteria are
contained in DODI 4150.4, Inclosure 1. DA implementation
criteria are contained in Table 2-1, AR 700-~88, Inclosure 2.

3. In order to recommend necessary changes to DOD, request a
study be conducted to determine appropriate current life
expectancy years and miles for commercial design vehicles. It
is the understanding of this office that the commercial vehicle
manager at TARCOM has a similar study in progress which may
provide the necessary information.

4. Request results of the study, to include recommended
changes to the life expectancy years and miles, be furnished
to this office NLT 31 May 1977.

FOR THE DEPUTY CHIEF OF STAFF FOR LOGISTICS:

—Z tr A3 3/‘9/4_/[___\

2 Incl LELAND F. TIGH, JR.
& Colonel, GS
/ﬁR“QQb Chief, Strategic Mobility

and Policy Division
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i g . NUMEER 4150, 4
A DATE April 5, 1963
\ g 2 Ag e e ¥ \ _ e
TN i Dcp.lrt..wnl of efense instruction
Py
SUSIECT Replacement and Repair Guidance, and Life Expectancies

for Commercial Design Vehicles

Reference: (1) DoD Instruction 4150.4, "Repair Limits and Life ‘
Expectancies for Commercial Type Ve‘nicies," i
b April 6, 1955 (hereby cancelled)

I. FRRPQJE AI'D O3JTSTIVE

A

A. This Imstruction estsblishes uniform policies end guidance '
governing erxvonditure of funds for raintinsace and repairs, s

and for reploccrent of cammerciel desi-m vehicls: used by .
- the D:zar@ent of Defense, giving due consiceraticn to the g
age, milexge and cost cf repeir. : i
f
B. Its objective is to provide tha ndlitai with a Cependudle
ireacportation porture by (1) maintaininn DoeD-cuned com- %
mercial dasign vehicles to the moirim ecaoncmienl 1ife

expecuency vith maintenence wmsapover input siundacds P

[}

unifornly euplicé, cod (2) replucinz €ach vohicle at the

period waen cxvensive repcirs are azeded. ‘Tads plea will

|ﬁ ascurad dependeble operations and operetioa at the lovest ‘
coat-pcr-mile everage.

II. AFCLICEDITY

Tae provicions of this Instruction arply to all ecamoeacnts of
the DoD onnirmad recneasihility for thae maasgemany of (overrmiute
owned ccacrcial deaign vehiclec.

IXI. RCITRCED
§ A. ‘[he Deparizant of Tefonas now crersten xenv thouscuds of
cumiae el deglea veldcles to rnzet e variety of rilitary
requivezente. The use ol c.ouarcial dogsicn vehicles is
pore eccuc.iecal frem the at~mdnoint o icitiel lavosisant
and cpernving cort wien ccsmored withh tke clicraavive of
usiag tecticel ("¢ series) veohicles. [ rouy cater thess N
: investzant oud ¢rivating ecczcnder cre bulng clfret by nics
1 moaintepance opandivures Yor ravadvs regulred by uncaoncuicedy
; repedrcole vehieclua tecause no replacement venlcleg ars
avedllable,
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B. Thie Instruction {¢ desimmed to irprove the reedircse ponture
of the commercial fleet throuch incrcasatal prociy-went of
. replucement vehicles and inradiste renlacexent of uncecacaically
repairsble vehicles. This cheuld recult 4in cn imoroved basis
for annual pleaning end reduced zaintenence worklosds waich
together are expected to reduce wmaintenance expenditures.

IVv. DEFINITIONS
For purposes of this Imstruction, the following definitions apply:*

A. Comuercial design vehicle: An engine or motor-driven vehicle
designed to meet civilien requirements and intended for general
use in the transportation of persannel, equipsent, supplies,
und/or other cargo. This will include the ccxmlete chassis
of a comercial design vehicle on wiich special cquipment
may be mounted in lieu of a cozmercial type body.

B. FExtensive renair:; A one-time repair, including repair result-
ing froa accident, vaich costs more than 1G% of the purchase
price and less than 50% of current vholegale value oy the
vehicle as determined in accordance with paragraph IV, G.
end H.

C. Uneconcmical renairs Any estimated one-tine repair which is
50% or more or current wholesale value of the vehicle.

D. Minor renairec: Repairs and preveative maintencnce performed
by drivers and repairo for which "work orders” ere not issued.

E. Age: Starts from the initial date of delivery to militaxy
supply.

F. Mileerc: Miles operated to dats or exp2cted nileage over the
1ife of the vehicle (a3 tabulated in Table I1).

G. Current ‘holes~ls Value of Vehicle: At sny one point in 9
tize, velu2g od usesa vedicles vory o9 bevw.cn locclities. i
Accordingly, local detexrminaticas cuould be nage in
establishing the value for each vchiele uuder coasideration.
Such determinations chould te brted on the regioral wholesals
prices provided by ccunerciel mublicatiou fer thic purpose,
edjusted to meet locul conditicus co deterained froa the
trade.

sl e i e mna@Zd

60




V.

VI.

hiso. i
Apr f)_, ©3

He Protocted 'salncde Value cf VYohiele: The wholecale value
at tu2 enu o it Lii2 exc.cuney or a narticulor veidcele
should be cdetemin:d by comaring the vehicle with en carlier
model of tha gea type, connistent with Teble I. For exr-nle:
the projected wiholesale value of a 3 year old scdra 3 yeowra
hence should he gtueted as the current vholessle nrice of a
like 6 ycar old sedan, determined in accoraance with IV. G.
above.

POLICY

A. Comzercial (pessenger end trangport) desfsn vehicleswill be
used wucrever practical under logictic cnd strategiec guidance.
The size of the fleet vill be the minimum required to provide
essential ncedsa.

B. Commercial vehicles will be maintained in a safe, gerviceable
conditicn and in accepteble appearence throarout tueir
service life with the minirum annual expenditures.

C. Comzercial vchicles will be feﬁlaccd aﬁd dispcsed of in
accordance vith the age and milesge criterla Iurnicshed in
Table I (Inclosure 1 hereto).

D. Provisions vill be nmade for the irmsdicte renlascenent of aay
commercial cesipn vehicle tnav nas not resched the age or
mileage chown in Iaclosure 1 vhen estimated "repair expeadivure”
for future mileaze adjusted average coat is grenter then that
of a new vchicle, providing tliere is still & valid recuire-:nt
for a vehicle cof this type. Replocencnt decisicas are coacurnca
cnly with the future value; neithor the equirzents! oripinal
cost nor the vehlcle's pact maintenance cost is a controiling
factor. Tae future mileage edjusted avercce cost wall be
determined by use of the forzula included in puregrepa VILE.

E. VWhenever it 1s determined that a vehicle shculd be replaced
in sccordance with the criteria estesblished by tids insviuction
and a replacement vehicle is not currently aveil:oble, the
vehicle in questica may be provided minituam renairs, sufficiont
to insure ecte operations, end continucd in uge on a temporary
basis, pending replacement of the venicle.

PRCCEDJRDS

Determinations i econcmic feasibility for repairs or replacen
cammerciel design vehicleg will e based on the following:

G
I
-
O
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A.

E.

C.

Frior to strxting repoir work a nreliminery inspeetion +!11 be
made and a cost estimaie prepared for each comercial design
vehicle sent to the maintenance shop. Estimates are not
required for mincr zaintenance repairs. E

A uniform cst’~iting procedure (with a standard labor end
overhead rate) will be used in preparing all repair estirates.
Labor hour estizates will be based on approved comercial
(when available) or military flat rate time standards.
Estimated repair costs will be computed by rmltiplying labor
bours by QE.QO rete and adding cost of required materiel.
These cost estimates for commercial vehicles will irclude

the price of parts required in the repair operation, or the
exchange charge for cazplete assemblies and sub-assemblies
installed.

Repair costs, except those resulting from accidents, will not
include the rcolacement of tires, batteries, tools, chains,
anti-freeze, sect covers end winches, or any repair perfcrmed
on special ecguipment which may be mounted on a commercial
design vchicle chassis.

Whenever estimated repair cost is greater then 50% of the
current wholesale value of a vehicle of the seme age and type
as determined in accordance with paragraph IV.G. the vehicle
will not be repaired since this would be considered an
uneconomical repair. Under these circumstances, proopt
action will be tcken to effect replacement of the vehicle.

The following formula will be used to determine if extencive
repair vork will be performed or the vehicle replsced:

a.' Repair when p f r-s 1s less than c. f t-8

m-0 m
b. .Otherwise request replacement of vehicle,

Legend
Current cost of like vechicle.

\
<t
1

costs of preparation for operation.

r - Estimnted cost of repair (ccoputed in eccordonce with
Paragraph VI.B).
~ 8 = Projected vholesale value at end of life (use yeers

per Table I).

Additional trcnsportaticn cost (not included im ¢), plus

-
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- P = Precent velue, (current wholecale value) "as is” ‘
before recpeirs.
m = Milcs - life expectancy (Teble I).
0 = Miles operated to date.

VIiI. DMPLEMENTATION

The Military Departaents will implement this directive in a0
days. Two copies of implementing instructions or revieions to

| : existing instructicns will be submitted to the Assistant Secretary
of Defense (Iastellations and Logistics).

VIII. EFFECTIVE I'\TE

This Instruction is effective 1 July 1963,

“Thowes D (i

Assistant Secretary of Defencs
(Installations and Logistics)

~

1 Attachmant:
Table of Life Kxpectancies




TABLE I

COM'rMCTAL VIHICT ™3

Life EXpIciiicy YCiw o tad Milee*

Descrintion Years Mlles
f Anbulance, £11 8 * 60,000
Seaans, All 6 72,000
i
| Station Wegon 6 72, 00C
f "Bus, Body cm Chussias (BCC) (up to 37 passengers) 8 8k%,000 j
Bus, Body oa Chascie (over 37 pasesengers) 10, 150,0C0 :-:
Bus, Integral ' 12 300,000
Truck 1/4 thru 3/% ton 6 72,000
(under 7,000 GVI) 4
Truck end Truck Traetor 1 thru 2 ten 7 84,000
(7,000 thru 18,959 Gvv g
Truck end Truck Trastor 2 1/2 thru b4 ten 8 84,000 ZQ
(29,000 thru 23,552 GVi) 3
Truck end Truck Tractor 5 thru 10 ton 10 150,000 'q
(24,000 thru 33,529 GiVil) b
Truck and Truck Tractor 1l ton and over 12 300,000 %w
{40,000 GV end up) |3
| 8
Trallers end §cal Treilers 15 ae ¢
&
Motorcycle 3 15,000 .
&
Scooter 3 - Puclage Del 3 Q,000.

*Yeera or miles indiceted
whichever occwrs first.
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U2 Tewee 1072
Table 2-1. Comacrcial Nesivn Vehicles
Life Expectaney Years wtd Miles *

. Description Miles
Ambulance, AN . ... et e e Sl i, 8 60, C0N
SRAanR, AN s e coms v rrnnnmme s e R N (O 6 T2 00w

—Station Wagon ‘ T L0y
Bus. Body on Chassis (00 10 37 pausseneirs)* oo . oo ... R
Bus, Body on Chassis wover 57 adult passengers) ... ... 10 130, ceo
Bus, Inteerel * .. e e RN o=t . L B 12 304, 06
Truck under 7,000 GVW : o @ 99 000
Truck and Truek Tracior 7.000 thea 18,900 GVWV 84 600
Truck ard Truck Tracror 19,000 thru 23,900 GV W ¢ . g 84, 000
Truck and Truck Tractor 24,000 thru 39990 GVW. ... ... 150, Co0
Truck and Truck Tractor 11 ton and over.(40,000 GVW avd,

300, 600

-

Trailers and Somitrailers. oo ... =L L -
Motoreycle ; 30, (09
Scooter 3W—"Package Del 15, 000

! Years or miles indicated, whichever occurs first.

¢ Tucludes Bus, L0 Fasseneor, School Age.

3 Limited to Subuiban and Interstate Types o | -

4.300,00 milcs for ¢li Dicsel-engine driven equipmicnt 1a this GYW class,

WEAFERS. I

-

T

v._.-____,,‘_“.____,.,-_..-‘_u__..,_.-_,..
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DRSTA~MSA (1 Dec 76) 2d Ind

SUBJECT: Life ectancy Years and Miles for Commercial
Design Vehicles

HQ, U3 Army Tank-Automotive Materiel Readiness Coirand,
V'arren, MI 4809017 JUAN 377

TOs Commander, US Army Materiel Development and Rcadincsos
Command, ATTN: DRCMM-MS, Alexandria, VA 22333

1. Reference

: a. FONECON between Mr. Raymond Bell (ATiDAA) and
lir. Henry Martin (DRSTA-!SA) on & Jenuary 1977.

b, FONICON between Captain Hughes (DICiisli3) ona
l.re Don Swartz (DRSTA-ISA) on § January 1977.

2. In responce to the statement made by DA rcpaviin, o v
Lelng pnerforrmed by TARCOM, we heve found that the iudy 1"
not orovide the information sought., Also, WAL 1 vor .
an Averagze Uceful Life Study for the [:34C; however, tid
study will not provide the roquirewents,

3, During referenced conversation (la), the len-tl of o0
to perform such a study as requested by DA was ciccurse?

+Tre 5ell belicves that a meeting should be schieduled wilh
: DARCOM, TARCUH and AM3AA representatives in attoncance to
| discuss such an undertaking.

ive Request a weeting be scheduled at DARCCI in oier 4o
a study plan and milestones can be developed, Poeunt of
contact at TARCOM is P, Henry liartin, AUTOVON 300-R045,7 500

FOR THE COITMANDIRS

I
wd all incl k o "";;5“‘5“‘§\' MR

g e
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DRCMM-MS (1 Dec 76) 1st Ind -
SUBJECT: Life Expectancy Years and Miles for Commercial Design Vehicles 4

HQ, US Army Materiel Development and Readiness Command, Alexandria, VA 22333

TO: Commander, US Army Tank-Automotive Materiel Readiness Command, P
ATTN: DRSTA-M, Warren, ML 48090

1. The basic correspondence is forwarded for your action.

2. Your office is tasked to perform the subject study. Request that your I3
evaluation plan for this study to include your milestones be forwarded to LA
this Headquarters not later than 31 December 1976, In your evaluation plan ¢

include an in-process review (IPR) for the March 1977 time frame. The final ¢
*study will be forwarded to this Headquarters not later than 16 May 1977. &

Contact point for this Headquarters is Captain Hughes, Autovon 284-8574/75. 2
FOR THE COMMANDER: g
;x . // ;
2 Inel /D DE?&ER '

nc 510 el GS
: AssociaLe Director
for Maintenance

e e
o e

-
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DEPARTMENT QF THE ARMY
US ARMY TANK-AUTOMOTIVE MATERIEL READINESS COMMAND
WARREN, MICHIGAN 48000 [, Swartz/lvm

AUTOVON 369-2610

DRSTA-MSA ; 16 FEE 1977

SUBJECT: Life Expectancy Years and Miles for Commercial
Design Vehicles

Commander

US Army Materiel Developument
and Readiness Commnand

ATTN: DRCMM~MS

5001 Eisenhower Avenue

Alexandria, VA 22333

1. Reference lst Ind, DRCIIN-IIE, dated 9 December 19706,
subject as above.

2. The following subject study plan is provided to mect
the objective of maximum economical life expectancy by
assuring overation at the lowest average cost/uile.
Consideration will be given to age, mileaygc and cost of
vehicle repair. '

a., Coordination with other government agencies to
eliminate any duplication of effort.

b. Life expectancy assessnient methodology selection:

(1) Method 1: A cursory method which would involve
very minimal solid data backing or analysis, and employing
a high degree of estimation and projection.

(2) Method 2: Extensive acsessment utilizing present
methodology employed by USAIISAA, which required substantial
statistical data collection and analysis as follows:

(a) Examine available data bases.

(b) If available data cover all requirements, prepare
data to conform to study format requirements.

68
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DRSTA-IMSA 16 FLCE 1977
SUBJECT: Life Expectancy Years and lMfiles for Commercial
Design Vehiclcso

(c) 1If data available do not cover all rcquircments,
develop and implement a cata collection program.

(d) Develop compuicr pro raas,

(e) Initiate data oroceusing.

(f) Conduct life cycle cost analyses by system.

(g) Conduct vehicle verfurmance analysis by systen,

(h) Compare rcesults with other data sources.

(1) Prepare draft revort.

(j) Prepare final renort.
3. Two possible study ncthods could be emmloyed. liethod 1
could be implementca by lay 1677, but would have very little
solid data backing and i< not rccomnended. liethod 2 is the
method currently utilizcd by USAKIGad vhichy, from past

exnerience, has taken 1.5 yeurs ver vchicle systens An
accurate estiuate of stuly leunsgth will denend on the availa-

bility of data and cannot ve »rovidoed until an examination of
available data is adce,. Jro: initial contacts with GSA,

it was learned that extoasive yu“olpb¢cal data collection
efforts viere and are teing cuwmloyed to establish their

econoniical vehicle rerlecauent LFlL\JLu. Their efforts tend
to supnort our recommencation to utilize the USAMSAA
nethodology.

L. Prior to implemcntation ¢ clther study methodology,

it is imperative that souay ““io“itic" be vlaced on this
and other stud roculr*:uALf svabliched LY your headquarcers
Due to critical maninower llhlbxulonu, further consideration
on implementation oi this stu'y effort would require the
postponement or re-schcduling oi the Combat Vehicle
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DRSTA-MSA 16 FEB 1977
SUBJECT: Life Expectancy Years and Miles for Commercial
Design Vehicles
laintenance Policy (CVMP) Study and Reliability Centered f
l.aintenance Strategy (RCMS) Implementation Study. %
3
FOR THE COMMANDER: &
YCHARD L. BRVANT e d g
Coionel, GS v, &
» Director of kiaintenance (NMP)
'F Cdr, USAMSAA
AVTR:  DRXSY-RE, h
kr. R, Bell i
i°G, MD 21005 {.
&
-
¥
%
=
/
!
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DRCMM-MS (16 Feb 77) 1lst Ind
SUBJECT: Life Expectancy Years and Miles for Commercial Design Vehicles

Headquarters, US Army Materiel Development and Readiness Command,
5001 Eisenhower Avenue, Alexandria, VA 22333 * 5 peg 017

TO: Commander, US Army Tank Automotive Materiel Readiness Command,
ATTN: DRSTA-MS, Warren, MI 48090

1. The proposed study plan has been examined in detail and discussions
conducted with the DA action officer, Mr. Bird. Based on these considerations,
Method 2 as outlined in the basic correspondence, is the approach which will
best provide the required information.

2. The postponement of the Combat Vehicle Maintenance Policy Study and
Reliability Centered Maintenance Strategy (RCMS) Implementation Study is not
appropriate. Request your recommendation as to other lower priority programs
that can be deferred or stretched out.

3. Request that your office take action to initiate this study using Method <.
A complete study plan to include milestone charts will be provided this office
NLT 16 May 1977. ¢

-OR THE COMMANDER:

DESCOTEAU
Colonel, GS

Associate Director for Maintenance

i




L

DEPARTMENT OF THE ARMY

US ARMY TANK-AUTOMOTIVE MATERIEL READINESS COMMAND
WARREN, MICHIGAN 48080

DRSTA-ISA 17 MAY 1977

SUBJECT: Life Expectancy Years and lMiles for Commercial
Design Vehicles

Director
US Army lateriel Systemn
AAulfng Activity
ATTI: DRXSY-R
Aberceen Proving Ground, D 21005

l. Reference is made to:

a. 1lst Inu< DRCL-IIS, dated 9 December 1976, subject
as above (Incl 1)

b, 2d Ind, DRSTA-LSA, dated 17 January 1977, subject
- - ~\ - .
as apeve (Incl 2).
c. Letter, DRSTA-lSA, dated 10 iFeuruary 1077, suojcct
3 = A\ 9 .
s gbove (Inel 3).
de 1st ind, DiCll=io, dated 15 anril 1977, cubjoct
co above (inel 4).

"y

~e The scone of effort required to implement the 0.0

asik stated in reflerence la exceeds our current canHuucr
canacity. Coordinaticn has oeen Initiatel —Ion T, L T
ol your agency, on the determinatieon of the cflivrt recuir
to accoiplish this tasi,.

3« The two study efforts uentioned in referencs le ar

fully utilizing our limited camability in thic aroa.
llequest that a ronresentative of your orliice coatact
.« Donala Svartz (.\Ul\ Vil )U“-.- .l to discus:
Dossibilivy of vinge the ags

(Ve ulCCOn.Y‘ll sh thl ta‘:—‘..‘o

b~ ~ 3 SENYIY -

1y

v

dUN L Guldidddaid sane

i dncl 'RICHARD L. BRYANT

77 Colonel, GS
Director oi Maintenance (NMP)

~d
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“'r. Bell/dkn/283-2135

11
DRXSY-RF 12 SEP 4

SUATECT: Commercial Design Vehicle Study

Cosmander

US Army Tank-Automotive '‘{ateriel
Readiness Command

ATTM: DRSTA-MSA

¥arren, MI 48090

1. Reference is made to:

a. DRSTA-MSA letter, dated 17 'lay 1977, subject: Life . xpectancy
Years and ‘files for Commercial Design Vehicles,

bh. DIRSTA-'1SA letter, dated 30 June 1977, subjoct: (ndate of "MDI
1151.10 *laintenance 'fan-hour Immut Standards for tComrercial (Transport)
Jesion Motor Vehicles.

c. DRSTA-'SA TUWX, dJdated 2 June 1377, subject: Life ixnectancv Yoars
' 'iiles for Commercinl Neai:m Vehicles.

d. IPR on Cowmercial Nesiyn Vehicle “tudy Reld at “CARCOY on 17 Aucust
1877,

e. [DRSTA-'{SA letter, dated 2 Sentecher 1777, suhfect as above,
2. As indicated in referonce 1.c., the formal accentance of the suhiect
study hy AMSAA was to be provided to TARCOM unon cornletion of the data
availahility nssessment. This assessment has essentially bHeen comlete!
with the general findine that the currently existinc Administrative Ychicle
“anncement Systen (AV''") data base will bhe suitable for conducting the stuniy,
‘s 3 result, AMSAA will conduct the stwdy as requested., he studv will have
two basic objectives: (1) reassess the 1life exnectancies (ymars/miles) of
carorcial desion vehicles (as contained in HADT 4150.4) and (7) re-evaluate
the ~aintenance man-hour inprut standards for carmercial desion vehicles (os
containad 4n NPT 4151.17), It is note! that the study was considered to




DRXSY-RE 12 SEpPWN77
SUMECT: Cosmeveial Design Vehicle Study

have boem initisted in Awguwst 1977 and is expected to bLe cowpleted in .June
1979 (a detailed wilestene schedule is previded as Inclosure 1). AMSAA
will vequire fmds in the smewmt of $100,000 during FY78 for the ceaduct
of study with ibly seme additiems]l fAmds required for FY79. The $100K
for Y78 will for 1.5 nmn-yoays of offert plus 340K for computer usage.

3. In carvying out the study, AVMS data will be utilized in obtsining
maintenance esets for the vehicles umder study. AVMS data will be collect-
od at six different sites (Fts. BSemning, lLewis, Shafter and Knox: APG and
i WSMR) begimming 1 Octeber 1977 for approximately one year. These sites
% were selected because they cemtain the largest quantities and have the
widest diversification of types of sdministrative vehicles. It is sntici-
' pated that dats will be cellected om a total of approximately 6000 vehicles 3
at these six sites. £

4. As indicated in the IPR of reference 1.d., the determination of the 1i(e
expectancy of the commercial design administrative vehicles will be arrived L 3
st through an evaluation of the ecemomic life of these vehicles (the mileave/
years in which the averall cost to procure and maintain these vehicles is

at & minimum to the Army) supplewented by a RAM analysis of these vohiclos
over the economic life span to determine if the 1ife axpectancy should be
less than the ecemnomic 1ife because of RAM considerations. During the course
of these evaluations maintenance man-hour requirerents will be Jdoveloped for
comparison with the standards contained in NDODI 4151.10. At the referenced
IPR, the DA representative requested that if possidle, each of the 92 lLine
Item Number Vehicles be evaluated separately. During the conduct of the
study each vehicle in which sufficient sample size is available for the .dcter-
nination of a maintenance cost model will be evaluated separstely. Those
vehicles with small semple sizes will be sppronriately combined with othor
vehicles for evaluation purposes.

—

— T

5. In comnection with including Maintenance & Service (*147) Vehicles,
(refoerence 1l.e.) in the study, inclusion of these tvne vehicles in study
appears feasible. 1Initial discussions with at least one data collection
site (APG) indicates that maintenance data on these type vehiicles is alsco
being collected under the AVMS.




12 Sgpm7? |

DRXSY-RE ‘
SUBJECT: Cemmersial Design Vehicle Study .

6. In summary, AMBAA will condust the vequested Cosmercisl Design Vehicle
Study. The study will include a 1ife expectamcy and msintemance man-hour
analysis of eemmercial design administrative and MIS vehicles and vill be
conducted in sccerdsnce wvith the sttached milestone schedule. Punds in the
smount of $100,000 will be requived fer FY78. The point of comntact at AMSAA
is Mr. Rsymend Bell, Autoveam 283-213S.

FOR THE DIRBCTOR: };

Stgned

1 Inel RONALD L. SIMMONS 4
L3 Acting Chief &
RAM Division r;

cP: ':
Cdr, DARCOM, ATTN: DRCM{-MS (Capt. J. ilughes) :

ATTN: DRCPA
Cdr, TARCOM, ATTN: DRSTA-FHC (Mr. C. Maltman)
Marion Smith, Budget Office

i d ol s E R T i e s e Y L




Aug 77
Aug/Sep T7

Sep/Oct 77

Sep 77
Sep 77

et 77
Jan/Feb 78

Apr 78
May/Jun 78

Jun/Jul 78

sen/dct 78
lov 78
wov 78
Apr 79
‘fay/Jun 79

NILESTONE SCHEMLE

Initial PR Review of study plan.

Diseuss contemt of imstallation monthly maintenance
end fessability of transferring data to AMMC
with Fe. Dnex, Ft. Bemning, and APF,

Visit additionsl dsta collection sites (WSMR, Pts.
Lewis and Shafter) to discuss implerentation of
dats collection effort.

Oisecuss study with GSA/Navy/Air Force/FORSCOM/TRADOC.
Forwavrd AMSAA's forma] acceptance of study to TARCOM
with study plan sand fundiny reauirements.

Initiate data collection effort.

Visit data collection sites to review Jdata collection
effort.

Review initial 6 months of data collection.

Revise existine computer prorrams on besis of initial
data reviow,

Re-visit data collection sites to review data
collection.

Complete data collection effort.
Receive data tapes €from AMIC.
Initiate analysis of Jdata,

Complete analysis of data.

Prenare interinz report on study findinc and
provide briefings as roquired.

o' -2
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APPENDIX B

T NS

INDIVIDUAL VEHICLE TYPE REGRESSION FIT INFORMATION AND PLOTS
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DATA SOURCE __ TRADOC 78

LIN B@444l NOMENCLATURE Auto Sedan Compact

Acquisition Cost $3500 Average Annual Mileage 13000

Fits based on all vears

Instantaneous Maintenance Cost Years

IMC(Y) = —6.6 + 150.13Y

RSD = 471.64

Minimum Point ASC Y = ¢ g

Value ASC at Minimum = $1019

Instantaneous Maintenance Cost Miles
IMC(M) = .0138 + 6.13°107 'M
RSD =458
Minimum Point ASC Y =10,860

Value ASC at Minimum = 8¢

Instantaneous Maintenance Man-hours Years

IMH(Y) = -13.72 + .0014 (13000) + 9.54Y
= 4.48 + 9.54Y
RSD =30
for each 1000 miles more than _]13QQ0 add L% hours

less 13000 subtract 1.4

COMMENTS : Some 4 year old vehicles had very high costs, they all
seemed to have the same manufacturer and perhaps should be replaced.
Perhaps some falling of costs in the sixth year.

78
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VEHICLE AGE (YEARS)
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DATA SQURCE _TRADOC 77

LIN BQ444] NOMENCLATURE Auto Sedan Compact
Acquisition Cost _$3500 Average Annual Mileage 10000
Fits based on all years

Instantaneous Maintenance Cost Years

IMC(Y)

: 266.83 + 223.60
E RSD = 285

4

Minimum Point ASC Y = 5 ¢

Value ASC at Minimum = $984

Instantaneous Maintenance Cost Miles

7

¥ s
RO .

IMC(M) = .0112 + 10.53°10 'M 2
f
RSD = 292 F.
5 Minimum Point ASC Y = 81533 %‘

Value ASC at Minimum = g7

Instantaneous Maintenance Man-hours Years

IMH(Y) = -9.79 + 11.42Y 1
; £
¢
RSD = 13 E
d
ta
for each 1000 miles more than _10000 add _ 1.4 hours It
i
less 10000 subtract 1.4 &
COMMENTS : ‘

The five year old vehicles have a few vehicles with very 4
high maintenance costs. They probably should have been washed out using ) I
a repair expenditure limit.
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DATA SOURCE _ TRADOC 78

LIN X39598 NOMENCLATURE Trk Cgo % T

Acquisition Cost _ $4539 Average Annual Mileage 8000

Fits based on years 1-7

Instantaneous Maintenance Cost Years
IMC(Y) =34.22 + 55.64Y
RSD = 242
Minimum Point ASC Y = 12.8

Value ASC at Minimum = $745

Instantaneous Maintenance Cost Miles

.0156 + 6.02°10" M

"

IMC(M)
RSD = 235
Minimum Point ASC Y = 122,800

Value ASC at Minimum = 94

Instantaneous Maintenance Man-hours Years

IMH(Y) = -5.38 + .00138(8000) + 3.75Y
= 5.66 + 3.75Y
RSD = 17
for each 1000 miles more than 800Q add 1.4 hours
less 8000 subtract L.4
COMMENTS :

8 years. Shop days may increase in tenth year.

94

Not much experience with old vehicles, i.e., those past




i

i
!
!
§
;

o e o i 8

78

TRK CGE 1/2T

X339598

| Q) A o) o s G | K AR GRdy ARET SR T N ER) T B | | N G R L Y

o -
3 7
b -
- "
-

T
b -
F* B
» =
- > -
= > ~
# . i
b= » -
— -
- 'S ﬁ
L > 3
: i -
- > a
- -—

] TERY S ST SRV e S S R S R R e e | e ) ot e S0 ) S (s o (e (|

8

m

R

]

B

]

8

?

S3TOIHIA 40 ¥3IEGWNN

95

o s o ———

20

15

10

(YERPRS)

VEHICLE RGE

RN

e

Wi Gk s




(S¥B3A) 398 31I3IH3A

ac Sl (928 q 8]

1} | T i i /Rl | T T T il T ] L} jaa
1 3 1
3 . .
r A a —
= v b4 -
3 Lo 1
3 e ]
- 4 “ :
4 . :
- -
: ]
A 1
= -
A i
i 7
> 4
: 1
5 T
i 7
E ]
; ]
5 | = e b1 (V8 ! IS L [\ 1 1 . 1 X

8L a7 Bl i S6SBEX

:

YHIA SIHL SITINW

:

96




(SYY3A) 395 3DTH3A

Q
o
w
.o
Q
-t
w
@)

I

oo
qep
1

N R R T
oo
d%Dp
)

I
P
L

i
>
I
39631IW ONION3

dwd
97

|
s
1
|

LSS i e o
| 1 ) 1 O |
g

e
L1
T

1 | 1 1 1 1 I 1 ! | 1 1 1 1 1 1 1l - | 000531

8L 1le/1 093 Mdl 86S6EX




ot it

(S¥E3A) 398 3IJIH3A

| gl o i) k] el ) o il Vi | i e i

] ) | e o |

1

) § b 1 1 1

S0 1A RS ) (SRR (ST SRR (AR] SRS S ASESNY FRONN] R SN AN]SR RNOOON VISR (SN N S [

1a/1 D93 Ml

8BSBEX

cl

81

(0]

(001 X Syy11La) 1sSed

98



RRMGL AR SR, 0 i L I Sl gl i

RS U SR S GP S e 3 ae i Ol

(00001 X S31IW) 3993 11IN

d

O
a
)]
—]
O
m
pz4
—y
0]

o1 4 P T TS RS S (RN IS (SPNES) PR Y ISR SN AN (AN IS0 RSN S (NN |

| e [ | ) ) ) 1 "

1c/1 D93 Ml 86S6EX




e —————————

e

(SYH3A} 39d 3T13IH3A

0c =34 o1 =] O
g T L [ ! [ T i | i 3 T 1 | LB T  ED | a 1 T Y
= 3
L 4 <2
- - 3
=Z
L ~ £
= . m
| ;. 5
fl w
-4 0S
L -
1 4 R
| =
-
5 SL
- . k
a 9 »
L —
- 4 oot
il =
= —
s -
r =
SR, TR ST [T, TIUN QURRE SBT LN INCELL JWSs ¥ kms: (aie, (e | U s ! g21

8L 1a/1 033 Mdl 86S6EX




P s

78

e £a0 L A2T

X39598

;SRR

| R

) S T S

I

I

o S WESN [SES N ERN co [N IR |

SN S A NS

s et (<Dt (N i, £

e SRR O SN

ProTe
v

-

= p -

]

o
(4]

©
-5
-

SABO dOHS

20

15

10

VEHICLE RGE (YERRS)



~ AD=AO7T3 399 = ARMY MATERIEL SYSTEMS ANALYSIS ACTIVITY ABERDEEN PROV==ETC F/6 13/6
! ECONOMIC LIVES OF ADMINISTRATIVE USE VEMICLES.(U)
AUG 79 J J STREILEIN
UNCLASSIFIED AMSAA=TR=278




g L
00 IR
=" .
25 e e




DATA SOURCE TRADOC 78

LIN X39598 NOMENCLATURE rk Cgo ¥ T

Acquisition Cost _ $4539 Average Annual Mileage 8000

Fits based on years 1-7

Instantaneous Maintenance Cost Years

: IMC(Y) = 71.85 + 42.60Y

RSD = 208

Minimum Point ASC Y = 14.6

Value ASC at Minimum = $693

;.
4 Instantaneous Maintenance Cost Miles i%
IMC(M) = .0205 + 3.68-107'M g
g: i
; Minimum Point ASC Y = 157,062 -
Value ASC at Minimum = 7 g4
¢
Instantaneous Maintenance Man-hours Years Ff
IMH(Y) = -1.64 + .0011 (8000) + 3.03Y b
; 3
= 7.16 o 3-03Y r}\
RSD = 14
for each 1000 miles more than 8000 add 1.1 hours ‘ ;l
less 8000 subtract sl t
COMMENTS :
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DATA SOURCE TRADOC 78

LIN X39598 NOMENCLATURE Trk Cgo & T
Acquisition Cost $4539 Average Annual Mileage 8000
Fits based on years 1-7 §

Instantaneous Maintenance Cost Years
IMC(Y) = 65.66 + 41.44Y

RSD = 207

Minimum Point ASC Y =14.8

Value ASC at Minimum = $679

Instantaneous Maintenance Cost Miles
IMC(M) = .025 + 3.38-10 M
RSD = 210
Minimum Point ASC Y = 163,884

Value ASC at Minimum = 8¢

Instantaneous Maintenance Ma<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>