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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 Veh icles (AUV ’ s) date
back to 1963. Substanti al changes in vehicle characteristics and costs
have occurred in the last 15 years. This study was d i rected in order to
update Army guidance on vehicles lives and maintena nce man -hour standards .

1.2 Approach - A statisti cal 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
Administra tive Use Vehicle Management Information System and a special
data reporting system from six Army instal lations. Various mathematical
models were tried to determine which would best represent the observed
data. Finally, a class of equations was choosen as best representinq
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 usefu l 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 resou rces to the Army
AUV management program would provide better information and thus 1arc~erbenefits to the Army by continuing studies and improv i ng methodology .

1.4.3 An Army wide AUV data reporting program would grc’itly
simpli f y 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 , expand i ng studies to additional vehicle types such
as maint enance and serv ice vehi cles , 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 Eour standards is derived from two Department of
Defense Instructions (DODI). Vehicle lives are given in 0001 4150.4,
“Replacement and Repair Guidance , and Life Expectancies for Commercial
Type Vehicle s ,” dated 5 April 1963. Maintenance man-hour standards are
given in DOD! 4151.10, Maintenance Man—hour Input Standards for
Commercial (Transport) Design Motor Vehicles ,” dated 27 December 1963.
Thus , current guidance Is over f If teen years old.

2.2 Taskings - Questions on the adequacy of vehicle lives and
maintenanc e 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 Read iness 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 anal ysis 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 wi th a target completion
date of 1979.

2.3 Data Sources

Al l major Army commands are required to report certain cost
accounting data for AUV ’s by AR 58-18, “Administrativ e Motor Services H
Cost and Performance.1’ 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 flinstallations reported to TRADOC or FORSCOM headquarters, respectively,

• for processing. The OARCOM approach has each installation prepare
summary information on the installation vehicles for reporting to a
processing activity. Thus, there was no single site where all AUV
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
the TRADOC/FORSCOM or DARCOM maintenance information systems. One
particular data item required for the originall y 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
installati ons 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
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mainten ance data into a standard format from each of the separate
installa tions . This standardized information was then provided to AMSAA
for analysis.

The six installations selected for partici pation in thi s study
were the two installa tions from each of DARCOM , TRADOC and FORSCOM with
the largest AUV inventories. The six installations actually partici pat-
ing were Forts Benning , Knox , Lewis , Schafter , White Sands Missile Range
and Aberdeen Prov i ng 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 diff icult , 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 maintenanc e histories , two additional data
elements were required . These i tems 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 . nese 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 acquisiti on costs used for various vehicle types are presented in
appropriate tables later in this report .
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3. ANALYSIS METHODOLOGY

3.1 Data Checks - Past AMSAA studies have noted that portions of
the inp~.it data contain errors that might affect the overall conclusions
to be developed from the data. Therefore , the data used in this study
were subjected ~o the same types of data checks as have been applied in
previous studies . For example, data 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 Item s - A large number of data i tems were included in the
data base used in this study. However , only a few data i ter~s wereconsidered critical to the study and were thus analyzed in depth . These
data i tems were :

3.2.1 Vehi cle year age of manufacture ,

3.2.2 Vehicle accumulated milea ge at the beginning of the
data year,

3.2.3 Vehicle accumulated mi l eage 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 i tems 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 economi c life . There
are a number of contributi ng areas to total maintenance costs. These
areas are :
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(1) dIrec t materiel costs ,

(.
~ ) ind i rect materiel costs ,

(3) direct maint enance man-hour costs , and

(1) ind i rect maintenan ce man-hour costs.

The direc t 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 ind i rect 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 i tems required by
vehicles on a continuing basis. Therefore , it was decided that inclusion
o t  ind i rect costs would make detection of direct cost trends more difficult ,
because of rnstallation overhead differences ar-id the addition of a continu-
ing cost not related to age . Hence, data i tem (3.2.4), total direct
maintenance costs , was calculated as the sum of sub-item s (1) and (3). :This study was not meant to determine total Army costs . If such costs are
requ i red , some appropriate method of estimating total overhead costs
wi l l 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
m~1intenance 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 determ i ned 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
vehicl e. Therefore, only the effect on direct maintenance man-hours of
vehicle age was considered as being estimable.

-: The last data i tem 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
i s known , this i tem would have to be considered separately in the
determination of vehic le service life. Additional discussion on vehicl c
shop days is included later in this report.

3.3 Data Plotting — In any statistical analysis it is important to
visuall y Thipect the data. This check often reveals areas that should
be i nvestigated or suggests what techniques can be most correctly applied
to the analysis. Plots of costs , man-hours , shop days, and miles per
year versus vehicl e age in years , mileage and a combination of years and
m ile s per year are a few of the computer genera ted plots that were
i nvesti gated . These plots guided most of the subsequent analysis.
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One particularly useful type of plot is shown in Figure 1. This
plot can actually 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 , H
which is man-hours in the example , versus vehicle miles this year for a
particu lar year of age. When these separa te 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 rangc 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 vehicle s in that position is ten or more . These plots were
produced since they could be done quickly and in large variety . Three
examp les 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 limit ations only one-th i rd 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 h
to determine what trends exist in maintenance man-hour requirements for
the collected data. Study i ng 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 fi tting procedure are discussed later in
this report. A second observation is related to each year group. For
example , just l ook at the three year old vehicles. As explained in the
discussion of Figure 1 , points further to the right correspond to three
year old vehicl es 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.

Is
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Thus , by studying the maintenance man-hour plot , we hypothesize that yearly
ma intenance man-hour requirements increase with vehicle age to a certain
point and that these requirements also increase as mileage driven durin g
the year i ncreases.

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
year , but the small sample would make difference detection difficult.
Secondly, the relationship between miles driven this year for a given age
vehi cle and shop days appears to be a negati ve one, that is , that a
vehi cle with many days i n the shop cannot have been dri ven many mi les or ,
v i ce versa, that a vehicle that was driven many miles cannot have been in
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 Fi gure 4, which gives total costs for
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 . Fi rst, 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 U N ’ s in the
data base. In addition , many other types of data plots were generated

• in a search for relationships which might have been of use in the study
effort. In general , it can be stated that, wi th all U N ’ s for wh i ch a
“lar ge enough” mixture of ages and yearly mi l eage 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
idea s 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 To tal di rect ma i ntenance cos t for the year ,

3.4.4 Total direct maintenance man-hou rs for the year, and

3.4.5 Shop days during the year. - 
-

For eac h character i s ti c, means , standard deviations and ninety-five percent
confidence intervals on the mean (assuming a normal distribution) were
calculate d on a year of age and all years bas is for al l LIN ’s on which
data were ava i lab le. For U N ’s for which an economic useful life could
be established , these values are plotted on the graphs for each
individual UN. 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. Howt~ver . means of any characteristic will tend to be
norma l ly 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 conclusion s .

3.5 Regression A n a lys i s  - 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 availabl e 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 mus t be met. These conditi ons 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 exam ined and no serious problems were detected.
Therefore, it is felt that the regression techni ques 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 •

l inear regression techniques. Several of the examined variables included :

(a) V for vehicle age in years and powers of Y , i.e., Y 2 , Y 3 ,
~4, y5, etc.

(b) E for vehicle ending mi l eage, and powers of E, etc.,

(c) B for vehicle beginni ng mileage and powers of B , etc.,

(d) 1/V . or the reciprocal of age and its powers,

(e) 1I (E-B) , or the recip rocal of mi les traveled this year,

(f) linear combinati ons 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 A
determined that a small number of model equations would be applied to I -

~~all vehicles to conduct the analysis. - I
3.6 Famil y of Equations - The two basic characteristics which were

modeled are (1) maintenance man-hours (MM) and (2) maintenance costs
(MC). These characteristics can either be estimated on an instantaneous
basis or on a cumulative basis. Instantaneous maintenance cost (IMC) can
be predicted per vehicl e age for any year V. This prediction is written
as IMC(V) indicating that the instantaneous maintenance cost is a function
of the vehicle age. Cumulative maintenance costs (CMC) can be predicted
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 )  I M C ( Y )  = a0 + a1 Y

(2) IMC(V) = a0 
+ a1 Y + a2Y

2

(3) IMC(Y ,E,B) = a0 + a1Y + b(E-B) 
- 

-

-

( 4 )  I M C ( Y ,E ,B) = a0 + a1 
V + a2Y

2 
+ b(E-B)

( 5 )  CMC(E ,B) = a0 + a 1 ( E - B )  + a 2 ( E 2 -B2 )

where Y is age in years , E is ending mileage this year , B is beginning
m ileage this year and the a

~
’s an d b are estimates of the parameters

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 w i ll be
the prediction for that years cost of maintenance . However , since it
is expec ted 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 actua l data points. This scatter would be represented
statistically by the addition of a term to equation (4), where I IS

some normally distributed random variab le. The model of F i gure 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 .

It was also planned to compute economic lives based on total
accumulated mileage. The previous models for estimating cost per mile
for various mil eages was dependent upon detecting trends in average cost
per mile for various mileage intervals as depicted in Fi gure 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 di fficulties
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 hi gh 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.
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CMC(M) = a0 
# a1 M + a2~l

2.

This equation predicts maintenance costs -from 0 mi les up to M mi les .
Hi gher 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 beg inning mileage , B , to an ending mileage , E ,
for the one year data collection effort. Therefore,

CMC (B , E) CMC(E ) - CMC (B) - —

= a1 (E-B) + a2 (E 2-B 2) .
It was found desirable for some LIN’ s data to retain a constar1t term a0
l eading 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 mi l eage
dependent. Thus , model equation (5) was fitted (for consistency) to each
vehicle 1 s direct maintenance cost , beg inning mileage and ending mi l eage.

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 mixtu res to allow
significant fits to be estimated .

For those LIN ’s for which models were fit , an interesti ng out-
come was observed . In most cases, the best fit was provided by a model I -

of form (2) or (4). What was surprising was that the parameter a2 was
negative . This occurrence indicates a downward trend in costs after
a particular age. This trend is the same type of trend conjectured
abou t 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 estima ted to become cheaper to operate. Some explanation
for this unexpected behavior is obviously required .

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 repai rs on older vehicles .
Both of these factors may be acting to reduce the cost per year for
older vehicles , even after the adjustment for mi l eage usage of equation
(4) is made to accommodate the l ower annual mileage of older vehicles .

29
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If new l onger economic lives are established , more repairs may be
requ i red to keep the older vehicles running . Therefore , current costs
for older vehicles are not a good projection under a changed pol i cy.

It was decided that a better estimati ng procedure would be to
omi t the data on the very old vehic les. When the model equations were
fitted to data for newer vehicles only, a linearly increasing cost trend
represented by equations ( 1 )  and (3) was obta i ned . These nearly increas-
ing cost trends provide the best estimates of costs for older vehicles for
chang i ng 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 remai nder of this analysis.

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

IMC ( V ) = a0 ~ a1 Y , or 
Va

IMC( Y ) = a0 + a1 Y + b(E-B). :-
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 a1 term is important
in determining economic useful lives . Therefore, when the E-B term was
significant , the average annual mile age computed as a mean , as discussed
in Section 3.4, was substituted -for E-B . Thus , all predictive equations
are of the form:

IMC (Y ) = a0 + a1 V .

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:

— a 2CMC (Y) = a0Y + —
~~

- V

By adding acquisition cost (ACQ) to the CMC equation , total system cost
(TSC) up to the Yth year will be:

~i 2TSC(Y) = ACQ + a0? + —
~~~ V

By dividing the total system cost by the number of years , V , 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:

ACt”

ASC(Y)= — y~~+a 0 + -~~Y .

30

-S— - S  ~~~~~~~~~~~~ - -   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

~~

.-— -

~~~~~~~~~~~~~~~~~~~~~~~



- - - -

-
—

- o
~ I~

a._ o ~\ -J I

__ 
~~~~~~~~~~~~~

N. — — — — — —-  N. V)

0 
°

I --
~~ D

- a
:~\ \‘ ~~~~~~~~~~~ a, V

-
~~ \ ~~~~~ I\ .

~~~~~

— ~., / \  w L1~.

\ -‘n
>- — -

~~~~~

,

\ -
~~ / ~~~~~~

\ - c ~~ 
~~~ / \ c’,

V ,
/

4 ~- 4

-

~~~ 3~ 

- 

____— - - S - *~ - - -
~~ —m _ _ _



S S ~ 
S 

The minimum point of the average system cost curve would be the most
economical age at which to replace eac-h vehicle. This minimum point is
normally called the economic life of the class of vehicles to which the
model equations app ly

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 minimu m
will occur at:

V = 
( p ~j~ 

1/2

\a l /
if 1MC and ASC are plotted on the same graph , as in Fi gure 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 tand average system costs for various fleet replacement policies .

As al ready mentioned , current replacement pol icy is not a fleet
replacement pol icy. Presently, some vehicles may be removed from the
fleet because they are close to the replacement age and require repa i rs,
the costs of which would exceed some repair expenditure limit (REL).

This pol icy will result in l owered average fleet costs. improved REL ’s
called Primary Repair Expenditure Limits (PREL ) as in Reference 4 can
be calculated from our estimation equations. Firs t total system cost
can be plotted as in Figure 6(d). Then a line drawn through the orig in
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 l ower 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 equa tion . The PREL i s :

a
PREL(Y) = ACQ - (2.ACQ ) •a1 V +

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(X) l— 2X+X2.

- 
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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 impli cit assumption is that the same
benefit can be derived from the vehi cle at all times. It is quite
possible that influenc e 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. F:

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 . ANAL YS IS RESULTS

4.1 Generai Results

Page plots and descriptive statistics were generated for all
LI N’ 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 originall y exam ined , 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 bei ng 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 analyse s are available for this report.

For the ten U N ’ s continued in the study , the first runs of
the model fits were examined . In all cases except the compact sedans ,
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
model fitting was reapplied . In all the new models , significantly
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 i~.
each of the studied LIN ’ s is presented in Appendix B.

For each U N  type in the appendix , there are two years worth of
data : TRADOC l97~ and 1978. For each LIN and year data , there is a cover - 

-

sheet and seven graphs. The cover sheet contains the vehicle type U N ,
nomenclature , acquisition cost, avera ge annual mi lea ge and i nforma ti on
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 ,
the residual standard deviation (RSD) is given for each model . The
size of the RSD indicates how wel l the model predicts the behavior of
individual vehicles for the characteristic being modeled . It is quite S

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 minimi zes the average
system cost is given , as well as the minimum average system cost for
the group replacement policy . Finally, a few additional thoughts ,
comments or cautions on this particular LIN vehicle type are given.

Seven plots have been prov ided for each u N  type. These curves
al l 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 p lot is provided in the following paragraphs.

5
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The first plot is the number of vehicles involved in the stud y
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 ~ for the 95 percentl ower 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 annua l usage
values are important since costs and man-hours are directly related to 

.

usage. The declining yearly usage for older vehicles is often evident
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 UN.
These plots show the relationship between age and mi leage. What can be
noted clearly in many cases is that the older vehicles are the low mileage
vehicles.

The fourth plot is more complicated than the others , but it. is
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
seem to fit the means properly. The dashed curve is the average annua l
system cost. These two curves intersect at the minimum of the average
system cost as explained in Section 3.7, Calculus of Model Equations.
The similariti es of the cost curves for the 1977 and 1978 TRADOC data - -

were surprising , but welcome in that they indicate consistency of the
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 -

ma intenance man-hours , assuming all age vehicles accumulate the average
annual mileage. The coments made about the fourth plot on the effects
of deviations from the average annual mileage apply to this plot as
wel l as to the fourth plot.
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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 serv ice life , because It is possible that vehicle nonavail-
ability mi ght Increase for older vehicles wi thout greatly increasing
the cost of mai ntenance. 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 life. 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 conf idence l imit s i n
this case have less statistical validity than the other characteristics
and should only be regarded as gross measures of data variability .

For almos t all LIN ’s there are two sets of plots corresponding 
(

to the 1977 and 1978 TRADOC data. However, for LIN X39598, Truc k Car go
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
limi tations wi th 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 Econom ic Useful L i ves i n Years - Ta bl e 2 sum ar izes the
informa tion on the lives determined for each LIN for the two year s of - 

-

data available. Also , this table lists the presently established DOD
lives of these vehicles for comparison and the vehicle replacement
costs as prov ided by TARCOM . For each of the lives , the estimate of
average system cost at that age is given. The change in average system
cost (~ASC) gives an indication of the yearly average savings that
woul d result from a change in life policy , if all veh icles were re p lace d
only at the specified life and if the fitted equations exactly predicted
the average costs. It is not possible wi th the current methodology to
predict the effect of either the present or PREL of this report on the
avera ge yearl y sys tem cos t, therefore actual cost estimates cannot be
presented . As noted in the table, only two LIN ’s, B04441, Auto Sedan
Compac t, 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
tha t smal l di fferences in the slo pe of the i ns tantaneous cos t curv e woul d
pro duce lar ge changes in econom ic l ife, but resul ts were qu ite close. 
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In order to visually examine the estimated economic useful li ves ,
a plot of useful life versus acquisition cos t was plotted on Figure 8.
On this graph the remarkable consistency of the calculated usefu l lives
can be seen. Also , there is a trend, which is tha t more expensive
ve hi cles have longer lives . However , the 1/2 ton cargo and panel trucks ,
(X39598 and X54805) last longer than expected. Al so, 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 l oad which provides
for increased wear ~rd thus accelerati ng maintenarce costs. Of course ,
these suggestions are merely speculation and some checks night be made
into usage patterns of these vehicles. Note that this graph does not
contain the truck tractor 28000 GVW . X60l85, because of its enormous
acquisition cost ($18,422).

One particular use of this figure might be to predict economic
usefu l li fe for veh icles on whi ch suff ic ient data are not ava i lab le.
For exampl e, 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 sumarizes the economic
useful lives determined in terms of mileage. The interpretation of this
table is entirely similar to that of Table 2 on economic lives in years.
However , additiona l rows have been added for inclusion of the economic
useful l ives 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 li ves 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 ma intenance cos ts are occurr ing for these truc ks ,
or the replacement cost estimate is too low . -5

-

Again , as w ith the economic li ves expresse d in years , a plot of
economic lives In mi les versus acquisition cost has been prepared . This
plot is shown In Figure 9. Conclus ions d rawn from thi s figure c losel y
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 subject ive
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 U N  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 , i t
was not possible to get estimates of man-hour requirements based on age
for all LIN ’ s. Work on additional u N ’ s -is proceeding and overall averages
could be obtained as a first estimate if required .

These maintenance man—hou r requirements should be carefully
reviewed before a decision is made to increase the service lives of
a si gnificant number of vehicles. It is probable that more maintenance
man-hou rs 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 requ i red to buy new
vehic iLs . 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 l owest maintenance
man-hour requirements. Al so, 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 requ i rements and rapid increases in the
required direct maintenanc e 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 perh-aps the 1 ton stake and cargo trucks . Further considerationneeds 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

5.1 Current Studl - As already noted , a sufficient data base existed
to allow economic lives 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
U N ’ s should be candidates for a useful life determination. A different
possibi lity 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 wi th an
additional year ’s data f rom TRADOC and , hopefully, FORSCOM. Combination
of all the data then available should allow econom i c life determ i na tio n
for many more LIN’ s. In any case , ana lysis should continue , since the -~~Army will probably be expected to develop economic life estimates for
all A IJV LIN’ s and other types of vehi cles as we l l.

For those LIN’s already studied , additi onal analysis could be
performed. This work would primarily be in the areas of result sensitivity
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 nonavai lability , 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
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:
geographi cal locat ion , veh icle manufac turer , use conditions , etc . For
i nstance , there might be significant cost savings to the Army in retaining
AUV ’s longer in the deserts of the Southwest than those in the snow and salt
of the Northeast. Di fferent 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 pol icy at a given age
and mileage. It is possible to show that fleet costs can be reduced by
use of other repl acement policies , such as the primary repair expenditure
limi ts discussed earlier in this report. However , no predictions are
ava ilable for the fleet costs under the primary repair expenditure limits
pol icy . There is also no way to predict the number of replacement vehicles
that would be required because of vehicles exceeding the limits 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
shoul d provide the optimal policy for vehicle replacement. Secondly, —

all important quantities should be estimable for the optimal pol icy.
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 optiri~al fl eet
status. In fac t, 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 bis its 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 routi nes estimate
the optimal replacement policy . Currently, this Activity does not have
sufficient i nformation to conveniently implement this methodology , which
is documented in Reference 6, on Repair Limit Replacement Methods.
Efforts are in progress to obtain additi onal 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
l inear 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.
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I
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
might not hold, that vehi cle avai lability mig ht fa l l  because of a lack
of parts supply and that the vehicles may suddenly collapse due to
corrosion or fat igue. Therefore , it is thought to be prudent to pick
the lowest estimated economic lives of Tables 2 and 3 as the new economi c
lives. These lives are given In Table 6. The impact of any changes
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 deteniiine if projections of maintenance costs were valid.

I
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1

TABLE 6. RECOIbTIENDED ECONOMIC LIVES

Economic Lives
Age In Age In

Nomenclature LIN Years Mi leage (x 1000)

Auto Sdn Cpt B04441 6 80
Irk Cgo ½ T X39598 13 120

-
~~ Trk Cgo 1 1 X39893 7 75

Trk Ca ‘~ T X42064 13 120
Trk Pnl ~ T X54805 12 120
Trk Stk I T X56038 9 80
Trk Stk 5 1 X56483 20 130
Irk Tctr 28000 GVW X60185 20 175
Irk Ulty 4x2 X61518 9 110
Irk Ulty 4x4 X61655 9 115

-.
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6.2 Repair Expenditure Limi ts - With the increased vehicle lives inTable 6, It Is even more Important that an effective repair expenditurelimit policy be adopted. There will be more major repairs required onolder vehicles and many of these repairs will be uneconomical to complete.The best repair expenditure l imi t that can be derived from the currentmethodology and data is explained in Section 3.7. Thus, the percentagerepair expenditure limits of Figure 7 should be adopted as policy ifvehicle lives are extended. However, adoption of any repair expenditurelimit replacement policy presents a problem, since current methodologydoes not provide an estimate of vehicle replacements required when arepair expenditure limits policy is in force. Therefo re, it is recommendedthat 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 signt ficant changes in maintenance man-hour requirements basedon a vehicle ’s age . The recommended estimates for maintenance man-hourrequirements are given as Tabl e 7. These estimates are for a year ’smaintenance for vehicles of any particular age , Y , at the average annualmileage for that type vehicle. An adjustment is provided for use in 
5areas where the average annual mileage is above or below that for thefleet. One problem should be noted for these estimates. These equationsassume that all required maintenance for a vehicle will be performedregardless of vehicle age. These estimates will be high for oldervehicles on which repairs may not be performed because of the repair 

- - -expenditure limi ts . It is again recommended that a procedure be developedfor determining how many vehicles of a particular age will be determinednon-economically repairable because of the repair expenditure limi ts .

5.:
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TABLE 7. RECOMMENDED MAINTENANCE MAN-HOUR ESTIMATES

!ra .~

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

Nomenclature LIN Miles x 1000 Year by Age(Y) Annual Average
Auto Sdn Cpt B04441 11.5 -3.68 + lO.81Y .7
Irk Cgo ½ T X39598 8.0 5.60 + 3.52Y 1.1
Trk Cgo 1 1 X39893 7.4 3.11 + 13.76Y 2.5
Trk Ca ~ T X4 2064 10.5 5.78 + 4 .31Y 0.8 f iIrk Pnl ½ 1 X54805 6.9 4.90 + 4.2 1Y 0.7
Irk Stk 1 T X56038 6.4 -4.80 + 9.09Y 1.4
Irk Stk 5 T X56483 5.7 20.98 + 3.3lY 3.5
Irk Tctr 28000 X60l85 5.8 14.20 + 4.41Y 3.7
Irk Ulty 4x2 X615l8 5.6 -2.63 + 7.OOY 0.6 - 

IIrk Ulty 4x4 X6 l655 5.0 1.90 + 8.OOY 1.1 
p 1
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6.4 Pol icy Changes - In each of the three previous conclusion
sections, It was necessary to include cautions on the limi tations of thisstudy methodology. In each case , further study was recommended. However ,if past h ist ory is any I ndicator, it may be another 15 years before AUVlives are again addressed . The reason for this lack of attention isclearly sta ted In the report entitled, “Policies to Reappraise Economic!Useful L i fe ,” by the Logist ics Study Office of the DARCOM Army Logistics-Management Center , Reference 7. Their study points out that there are noArmy regulations setting requirements or responsibilities for the conduct - -

of economic useful life analyses. The topic of equipment lives is seldomraised 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 andresources necessary to effectively attack the vehicle economic lifeproblem. It is anticipated that the cost benefi ts of such a commitmentcan be easily proven.

A problem encountered in the development of this study wasthat each major Army command can develop its own AUV data managementsystem. This policy has led to separate systems , some of which cannotreadily be used for new studies since they were developed Only to providerequired summary data . Even when the proper data are available , contactwith many agencies is required to actually obtain the data . Whatever i ’ -agency is given the economic analysis responsibility should be given theauthori ty to require that basic maintenance data be reported in a standardformat to some central data base for analysis.

54

L-.
~ - - . _. - -

-_ —- -- .-- .~~ — —-5- -— — —.5- -5- 5— -— - __I._ — _ - .-~~~. —



-- 
~
-
~~~~~

_ - -_ 
I

REFERENCES

1. DODI 4150.4, “Replacement and Repair Guidance , and Life Ex pec tanc ies
for Commercial Type Vehicles ,” 5 Apri l 1963.

2. DODI 4151.10, “MaIntenance Man—hour Input Standards for Conuiercial
(Transport) Design Motor Vehicles ,” 27 December 1963 .

3. AR 58-18, “Adm inistrative Motor Services Cost and Performance”

4. “An Economic Replacement Model ,” Drinkwater , R.W., and Hastings ,
N. A. J., Operations Research Quarterly, Volume 18, No. 2.

5. TM 38-600, “Administrative Use Vehicle Management,” 10 May 1966.

6. Note No. 68, 41-202, “Descr ipti on of the Develo pment Wor k on the
Repair Limi t Replacement Method Undertaken by the REME Data Centre
from 1971 to 1974,” Mahon, Major B. H., and Bailey , R. J. M.

7. Logistics Studies Office, Project No. 803, “Policies to Reappraise
Economi c/Useful Life,” U S Army Logistics Management Center , January
1979.

~~~ 5

Next page is blank.

- — -- ~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I

APPENDIX A 
N

CORRESP ONDENCE -

S
__S

_ _ _ _ _ _ _ _ _ _  _ _ _  -~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _



~~
-— - ---- ___ - 

~~~~~~~~~~

—— - 

~~~~

- - - -

~~~

-- - -

~~

—

~~ 

— -- - - - .- --5--
- ---

~

-- 

~~

-- - -

- - -  
- .~~~~~~~~ DEPARTMENT OF THE ARMY

— 
-‘ OFFICE OF THE DEPUTY CHIEF OF STAFF FOR LOGISTICS

-:. 
~ WASHINGTON. D.C. 203i0

~~~~~~~~~~~ 
~~ 

- -

- S—3 1 May 1 9 7 7

DALO-TSM- P 
0 1 DEC L°7S

• SU B J E C T :  L i f e  Expec tancy  Years and Mi les  for Commercial
Desi gn Veh icles

Com mander
US Army Ma teriel Development •

and Read ine ss Command
ATTN : DRCMM
5001 Eisenhower Av enue
Alexandr ia , VA 22333

1. t~A has rece ived numero us inqui ries c on~~ern~~ng the validity
of- the current life expectancy in years and miles for c o r n —
mercial design vehicles. Improvements in automotive eng ineer—
lug and technology have generally led toward longer life
expec tancy.

2. Current DOD life expectancy years and miles criteria are
con tained in DODI 4150.4 , Inclosure 1. DA impler .ientation
cr iteria 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
expec tancy  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

prov ide the necessary information.

4. Request results of the study, to include reco mmended
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:

2 m c i  LELAND F. TIGU , JR.
Colonel , GS
Chief , St r a t e g i c  M o b i l i t y

____ 

_____ 

and Po l i cy  D i v i s i o n  
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- NUMttR 4U~O. -~~

- - DATE April 5, ~~6 3
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- I)cpa rt ::: ‘nt of )ef x~-~’ n~ t rue t  i~~~~~

Replacement and Repair  Guidance , and Life Expectancies
for  Commercial Desi gn Vehicles

Ref -~ n -~e’ (~~
) ~~~~~~~~ Instructi-’n 14150. 24 , “RepaIr Limits and Lift-

Expectancies for  Commercial Type Vchic ~ e~ ,”
April 6, 1955 (hereby cancelled)

I. ~~~ ‘03E r~.!TD OBJE~TIVE

A. T1213 Iflatruction ect~~li~i~~s uniform po)!cies e.n~I guidanceerntn~ e~c~~nciiture of i~un~Is for r nL~znce and rcp~.ira,and for re~i~cc.~ent of c~ .~~ercieJ. d~oi~~ vth1c1~~ use4. bythe ~~~~~ont ol’ Defense, ~~vin~ due co ~~~~atic~ to the
a€e, le~i~e ard cost of repair.

B. It-s objective is to p~ovid.e th~ n~i1it-s.r~j- ~-‘itb ‘. ~epc~ith~l~1e
tre.~c-oor~.atio~ po~tura by (1) t . ~nr D~D-c~;;-Led corn-
zterclel. CL~ 3iCfl V~hiCle8 tø the rt~. S~.ai eL-sncmic~-..l life
expr~ctancy vith tm.~.ntene.nce i~rnnpc~~r innu~ ct.i.n~1~~-dsuniforz~1y eppli~-~ö, c-t~d (2) repL~ci~~ 5~..c.a vi.thi cle at the

- perio d vhen e~~;enoiv~ re?c.irs a.rcr n~eded. ~~~~ pl~ i vij.l
aocur~ de)en~~ble aperatlona ond opera4o.i ~t the 1o~cat
cOat-pcr-Iri].e average.

II • M J C :  ~

The proviolona of this Instruction tvc:p1~r to aU c~~~onc.nts ofthe DoD ~~~i:-r~d r s~.hility fcr €ae ia~eman-~ o~’ &~~;er~~~~t—owned cc~.-.o~ciel deai~~ vehiclec. -

IlL a : ~~cu~i
A. The r~~.~-~~nt o~ !~aftn ei .~ n~ .i cver& ~~n ~nn~v t! un~n~ts of

Ca~.rA:C ~.c.1 deoj~,n v~1iiclo~ to r.:ct va.ri~ty o~ ri.lltery
requ rnr.entc. The t~eo oi ~~~~~~~~~~ dool~~i ~iic1es ts
n~re eec~c~j c~~. frc~ the 3~~’1d,oJnt c~’ i~ i.t ir’.l i~v.-jat~.2:~ten~ o~~~r;.ti~ cort ‘~uen cc::~ nred t?~.t.li th’~ CIltd~rnr~~.%e o~’using t~.ct1cel (‘

~~
‘ ecrieo) v~~iclar~. :r~ ca~~~~’ c~ -a~ the’~invc:Va’~t r~.d ~~ rc.tia q. ecc:c~.lee cre b-~L”~ c~~rct h~~~

i t’~~~~~~~Ø C~~~
; d±~.u.rec fC.: ~~~~~~~~~~~~~~ re~.u LcL~u by u ’ -~~~~: c ~.l~~

r~rpei~~o1e vehLcl~sa bocanric no re L:.~cezci~t v~~iic.1cc cra
avt”il~i3~ie.
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B. Thu Instructj o~ is desi~~ed to ir orove the recdirans pooture
at the c~~ nercinl fleet through incrcn~ntal proc tr~ !:~nt oi’ropiticement v~hielea and is-t~diate r ,lucc~ent of unccc lc-itca.Uy
repaireble vehicles. Thlø tthculd rerult in en im-~roved ba~i~for annual ple.—ir~ing end rcduced m,int4~twnce ~ioi .lt~’:da ~aich
together ere expected to reduce maintenance expenditures.

IV. D~~ThITION3

For purposes of this Instruction, the foLtoving definitions appLy:~
A. Cc~~nereinl design vehicle: An engine or motor-driven vehicle

designed to meet civilian requirements and intended for general
use in the t4’ansportation of personnel, equip cnt, supplies, . -and/or other cargo. This will include the ccm,lete chassis
or a co~~ercjal design vehicle on bilich special equipment —

ma~ be mounted in lieu of a cc~~ crcia.l type body.

B. Exteneive re-rair : A one-time repair, including repair result-
ing from ccc.L~~nt , vaich costs more than iCr% of the pttr chase -

‘price and leas than ~~~ of current vbolecn.le value of the
vehicle as deternjnecj in accordance with para~~apb IV, G.
end U.

C. Uneco’~ic’~ical r~Tairt Any estimated one-ti~a repair wtilch is
50% or sore or current whole sale value of the vehicle •

D. M.tnor rena.trc: Repairs and preventive maintenc~nce performed
by dr1v .~rs tui~i re?sira for which “vorl~ orders’ cr~ not is3ued.

E. ~~~ : ~tart~ fran the initial date of delivery to mi.1it.ary
supply.

F. Miler”e* Mi].ea o-nerated to date or eXp3ctcd latlea.2re over the 
- 

- ,life or the vehicle (a3 tabulated in Table I).

0. Current olc~ ’Le Valuo of Vel,~ccie: At any one point in
time, Yrlues o~ ucua V iicL~ v~’ry ~‘s be~~Lcn locclities.
Accor&!ngLy, local date i’~nticn3 choul ii be :~~ e in
satabliuh ing the value for en.ch vctiic~Lo uud~ - COa3id.eration.
Such deter inatj ons should be b-’~sed on the regional vholesa.l~prices provided by cc~...’ercie.1. p~~’li.~atic~ fcr  tL~.; purpose,adjusted to meet local conditicas s.c d~t,. ~.Lned fro~ the
trade.

2 
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H. Prc~~~~
-
~~~t ~ 1 ~~‘~ 1 -

~ 
- )  ~ V~~~ e r T

~~~
t
~~~~~~~~~~~~ : The ~~~~ ~~~~~~~

tho en~ ~~~~~ U:~ o~ a nar t iLu~1~-r v :~~~~1.
should be deteini±n~d by cc’”-r,irthg the vehi~ 1e vith ci’. ~ -ii~r
model of th~ c~ -~ t ’p~ , ccuri~ tcnt with Thble I. For C~~ i

the project’~d ~-io1.’.~rale vu1u~ of a 3 year old ~-a 3 ~~c~~~~ :i

hence ahoaU ~e ~it~ teJ o.ø t~~ curr~r~t vhole~ ~~~ ~~~~~~ g

li1~e 6 year old se lan, determined in accora~nce with lv. 0.
above .

V. POLICY -

A. Co~~ercial (passenger and transport ) dei’i~n v~hl lcs vilJ. 1~used v~er~ver prr~cticul under logi~~ic c~d str~.z~~ 1’ gu1d~ ic~ .The ei,.e of the fleet vili be the minimum required to provide
essential needs.

B. Comi~ercia3. vehicles will be i~’.ainth.thed in a ~ife , oervice~~ le
condition ax’.d in acccnt!~.b.Le ~ti~p~arwice thrc ‘~~~~t t5~~irservice life with the mii iiirum annual e x ~ziitureo.

C. C~~~ereia3. vehicles viU be rc-I)laccd and dJ &pc~ cd of in
accordance rith the a~e and nilea~e crit~r~a ALruiched inTable I ( Inciosure 1 hereto).

D. Provisions v-ill be m~de for the ir dict.~ r.~-placcr~i~nt of cny
co~imercial d~si~ i vehicle tiiat a~3.s not reoched th~ age ormileage sho’.tn in LicJ.o~ure 1. ~hen est1r.at~d “ ror~ir ~~~~~~~~~~for fu ture milec’.’e c&justed averaçe cost is ~~~-~.tcr t h c ’ .
of a ne~i v thicle, prov-±din~ th~re i~ still a v~J~id rec~utr~:,~ ~ntfor a vehicle Cf this t~~e. Beplz’.cc’:ont dccisic31 ore c~~ c~ ri~-~u
only with the tutu~c value; ncith~r the equir~~nta ’ o’.’i~~r~~coot nor i~ :e vehicle’s past maintenance cost is a
factor . Th~ fut~re mileage a3ju oted averc ~e cost vüI be
determinc i by use of the fo~~rula ineluci~d in p~~~~r~~.i VI.~~.

E. Whenever it is d,~ter~tined that a vehicle ohc~ld be rcplaced
in accord ince v~~th the criteria est~blic~~~ by t:~io t~~~~~~i~~t 1oii
and a rcplo.ccmer.t vehicle is not currently avail~~ie , L~~:
vehicle in ouectica m.~y be provi~ cd minimun repaIrs , au~’~ ici :’.t
to insure cr ’.c o~eratioao. end continued in use on a tc:-~r-~i-~u-ybasis, pending replacement of the vanicle.

VI. ~~CC1~t!JF~~

Detcrmlnation j c~ economi c feasibility for repaire or rep1c~’ ~~‘.t :~
‘

commercial deaigi vehicl’-’a will tie based on the foilo-.rin~:

3
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A. Prior to st:~.rtth~ rep~i~r work a rrt~listLrv-.ry inspcct~.on ‘- Ill be
made and a coat estir’.~~ e prcnarccl for each co:~~ercial deci~ i
vehicle sent to th~ maintenance shop. Estimates are not
required for m.incr maintenance repairs.

B. A uniform cst.: --~ tin g procedure (with a standard labor and
overhead rate) vii]. be used in preparing all repair estimates.
Labor hour estimates will be based on approved co~~ercial
(when available) or m.ilitary flat rate time standards.
Estimated repair costs will be computed by multiplying labor
hours by ~~~~ rr.te and adding coat of required i~aterie1.
These cost estinntes for co ercia]. vehicles wiU. include
the price of parts required in the repair operation, or the
exchange charge for complete assemblies and sub-assemblies
installed. -

C. Repair eost~, except those resulting from accidents, vii]. not
include the rc-lacement of tires, batteries, tools, chains,
anti-freeze, seat covers and winches, or any repair performed
on special equI;~~nt which may be mounted on a commercial
design vehicle chassis.

D. Whenever estimated repair cost is greater then 5O~ of thecurrent vhole3ale value of a vehicle of the sane ace and type
as determined in accordance with paragraph IV.G. the vehicle
will not be repaired since this would be considered an
~meconomico.1 repair . Under these circumstances, prcr.~ptaction will be taken to effect rep1ace~rent of the vehicle .

E. The following formula viii be used to determine if extensive
repair work will be performed or the vehicle reploced:

a. - Repair when p 1 r-s is less than c. / t-e
m-o m

b. Otherwise request replacement of vehi cle ..

Legend

- c : Current cost of like vehicle.
-t : Additional transportation cost (not included in c), plus

costs of preparation for operation. - -

r : EstL-~ated cost of repair- (computed in accordnnce with
Para~~aph VI B).

- : Project-ed wholesale value at end of life (use pear s
pex Table I).

_________________________________________



Apr ~

: Precent value, (cu rent wholecale value) “as i s”
before rcp~ir s.

m : Milcs - life expectancy (Table I).
o Miles operated, to date.

VII. ~~~ r~ I~T~TIoN 
-

The Military Dcpart~ents viii implement this directive in 90
deys. ~wo copies of implementing instructions or revision s to
existing instructions vii]. be submitted to the Lssistan t Secretary
of Defense (Lista.liationa and Logistics).

VIII. EFFECTIVE r~.TE

This Instruction is effective -2. July 1963,

Assistant Secretary of Defcn~ .~( Inata.llatj ous and Logist~:~ )

2. Attacbm~nt:Table of Life Expectancies

5
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T .BLE I

CC’~~~CtL ~~~~~~~~~
Lila ~~p~c c.Licy ~~~ u t-.i~-.. 1~ilec*

Deser1ntio~ Year. Miles

Ambulance, i.u. 8 60,000

- - 
Se~aans, AU - 6 

- 

72,000

Station We.~on 6 72, OOC

Bus, Body cm C~~~~ i~ (13CC) (up to 37 passengers) 8 8~,ooo
Bus, Body on cI~~::4e~ (over 37 passengers) 150,003

Bus, Integral 12 300,000

Truc1~ 1/14 thru 3/~ ton 6 72,00.)
(under 7,000 Gv 7)

Truck end Truck Tractor 1 thru 2 ton 7 814,000
(7, oc#o thru 13,~,99 GV2 )

TrucK end Truck Tractor 2 1/2 thru li ton 8- 614,000
(19,000 thru 23,9 9 cv;~)

Truck end ¶Lruek Trr.~tor ~3 thru 10 ton 10 l~3, 033 
- -

( 21i,000 thru 39,9;~9 G~~~~ I)

Truck and Truck Tractor 1]. ton end over 12 300,030
-
~~ (140,000 GV~T end up)

Trailers and Sc..ii Tre.ilers 15 --
- 

~

- Motorcycle 3 l5,00~)

Scooter ~2 - PacI:age Do]. 3 9,030..

*ye~~~~..j  or miles in iiee.ted
whichever occurs first.
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. TaI,k 2 1. Conuin r (-i~,! ~1t~ J ’~ hkks
- Li(~ E~~ it.ct~~n~’3 Yo~r, nOd

Deacr p ld,n Ycar i .Vi . :
Ambu6nc . _%fl — s (;(I , ~‘(1
S~Jari~i, AU 6 7.~, ~~

- -

—Slation ~~~~~  c ;~ ,
Dun; hioll Y t n  ( t ~~.~-.is i~~ LA 37 j~~. -~~i i - ~

-.’,~~_ _ _  - -
Bus, lIOt~ (‘II (‘) :‘~~~— I ~~ tilver 17 tuj ult - ~l scIu~cr~) 10 1- ’ ; . t n

But, 1nt ~~r,~l ~~~ - —  12 :- , i I . ~ ,

Truck untler 7,000 (1VW - ~? (h ~i 1
Truck nnd ‘I t -ui ~ Triu’ nt  7.00(1 i li rti 1S 999 GVW -

~ S4
‘Fruck ui ’d Truck Tra *~i or 19 ,000 tu rn 23 .999 ( JV \V ~ :~-i , 11) ’)
Truck and Truci: ‘Ft :U ( c i -  21,000 t Inn .“9 ,9tj 9 GV\V It ) 1~ 0, CI” ’
‘rrtick and Ti-in -k ‘h~wto~ 11 ton ~inI o~-er44IJ ,000 UV~V n ’ i  -

u1) 12 300 00t~
Traih’rs and ~ Ini t r sili N 15 
Motorcycle 5 30, i~ J3
Scooter 3W -Pcwknge Del 5 1~ . ( ‘N) 

- - -

_____________

-

I Ycz~r or n ilr s indic~ttcd , w l~~c 1 c ~-~ cr  ‘ecuri !~r— t.
Iuclud - i t , ~ CC k~ - .t- c r , Sehu ,t t~: . -

~ Li iuj tcd t~ ~‘ibu:L~u ~i,d 1ut~ r t~~~c Tvi,ei c’ -
- - .

~ ~0II 00 ) ni ik ~ for ~ ti Dic ~* l.en~ iii(. di -i vt-ii tq i ij ~ I v  i ic ~ t) t ~ — -~~ % IV clc~- -

F —
S

I ~. t , t )  ..-A -

(‘5

__________ .~~~~~~ 
_
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DRSTA—MSA (3. D.C 76) 2d m d
SUBJ ECTS Life Expectan cy Year. and I~i1ee for CorlnlercialDeeiin Vehici..

HQ, US Army Tank- Automotive Materiel Readinesn C~ 3: :”and ,
~-:arren , )~ 48090 17 JA~ 1377
TOt Co~~aad.r, US Army Materiel Development and Rcadinc~~Coim~a-vid, £TTN: DRCZ~ —l~~, Alexandria, VA 22333

1. References
— a. F0X~EC0N between i~r. Raymond Bell (A~~AA ) wdI-!r. Henry Martin (DRSTA—MSA) on 4 January 1977. —

b. tONECON between Captain Hughes ( D C - i ~.~) ~~~~~td

Ir. Don Swartz (DR~TA~I~SA) on 5 January 1977.

2. In re~oonce to the ctatement mede by DA r~~~~’~~.;- - 

to it~g neri~r.~ed by TARCU~ , ~ie h~.ve found t1~ t th~:not ~rovido the inforrn~tion sou!—~ht. ~-.lso, ~ .. .JA;~ :~~ 2•~ 
- 

- -

a~i Avora r .e U~~ i’til Life Study for the ~3~o; 1~o :evc~r , t i~~study will not provide the roquirer~:ent3. p -I
3. During referenced converoation (in), th~ 1~n~-t~, ~f :
to perform ouch a study as requcoteci by DA i:~~~ -

~~~~~~
‘..‘ ~~~~~~~~~

.x .  13c~U boliovea that a meotin~ should be nchec3u1c~1 ~-~i:., - - 
-
~~

~Ai~COi4, TARCOI.1 and AMI3AA reprenentativos in attoi~~u~.co t-
(Jj SCUS3 SUCh 8~fl undortakin~. -

I,.. Request a uieeti.nG be ~chec1u1ed s.t D AItC(;.~ in c~~~ -r ~.
‘ - -

a study plan and i1o~tone~ can be developc~~. Pu~;::~ cd’
contact at TARCON is flr. Henry 1.~artin , AU~ UV~ 1~ 3Ly- ;:~.~~~~-1

FOR TUE C0~~PJ~D!~R:

~~~ 

~~: ~~~~~ 

-

wd all m c]. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~
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9 DEC~~ :3
DRCMM-MS (1 Dec 76) 1st m d
SUBJEC T: Life Expecteacy Years and Mi les for Commercia l Design Vehicles

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

TO: Commande r , US Army Tank-Automotive Materiel Readiness Command ,
ATTN: DRSTA-M , Warren , MI 48090

1. The basic correspondence is forwarded for your action.

2. Your o f f ice  is tasked to perform the subj ect s tudy.  Request  that  your
evaluat ion plan for th is  study to include your mi les tones  be fo rw ard e d  t~~
th i s  Head quarters not later than 3]. December 1976. In your evaluation plan
include an in-process review (IPR) for the March 1977 t ime f rame.  The fin: 1

-study will be forwarded to this Headquarters not later than 16 May 1977.
Contact point for this Headquarters is Captain Hug hes , Autovon 284-8574/75.

FOR THE COMMANDER :

/ ,.~-1V _j ;2~, -, ~~~~~~~~~
Iric i ~‘t~ ~~~~~~~~~~~~

nc io~rie1 , CS
- - Associate Director  -

.

for Maintenance

2 
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DR~TA—MSA - 3.6 FEE ~977
SUI3JECT: Life Expectancy Years and Miles for Commercial

Design Vehicles

Commander
us ~rmy Materiel Development

and Readiness Command
ATTN: DRC~~—MS5001 Eisenhower Avenue tAlexandria, VA 22333

1. Reference 1st m d , DRCI-1~—1--~~, dated 9 Dcce~:hc r 1976 ,
subject as above.

2. The following subject study plan is provided to iiiect
the objective of maximum economical life exrectancy 1 y - 

—
assuring operation at the lowest avcra~-:e cost1 .Li1~ .
Consideration will be given to age, milcagc and cost of’
vehicle repair. -

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

b. Life expectancy assessment methodology selcctien:

(1) Method 1: A cursory method ~hic1~ would involvevery minimal solid data backing or analysis , and emoloyin:
a high degree of estimation and projection.

(2) Method 2: Extensive assessment utilizing present
methodo1og~ employed by US.WSAA, which required suUstantial
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.
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DRSTA—MSA 16 FL E~ 1377SUBJE CT: Life Expectancy Ycnr~ and I--~i1es for Commerc ial
Design Vehiclen

(c ) If data availab le do not cover all rcquirements ,
develop and impler~ent a data collection program.

( d ) Develop cor~iputcr pi ’u ra..i~~.

(e) Initiate data orocc~~~ing .

( f )  Conduct l i fe  c-~cie CL st anal yseC by systeii. —

(g) Conduct v~hici-~ I r :~ -~-~ nnco  analysis  by nyst en .

(h) Compare r~;sults ‘~I-~:~ cthcr  data sources.

(1) Pr ep are d~-nft r- -~~ i’~ .

( j )  Prepare final r- c-~’t-.

3. Two possible s tud y ::~~~hc~1: cnu ld  bc cu~ioycd. 1-lethod ~could he imp lcmentc:~. b y . n y  l’/~- 7 , but ;:ou1~. have very little
solid data bach in L . ~m~ 1 1: ~ct i C C U .  u. c- n~ e~ • 1 ~cthod 2 in the
method currentl y utili :~ - b -

~
- 

~~~~~~~~ h ..~~ -hi ch , fro:. ns~ t -:
cxnericnce, hss t-~ l - c n  1. ~ y~~ - i ~ “e.r v -h iclL. nyste . .. A~~t

accurate eSti -:;-~tC 
(~~ ~-t n.~ 1 u ;;th ;:i 1.1 d .~- - c : ~ci on the avail

b-ility o~ data anc’ cnu~s; ~~- uc - -v i .t ~n ‘u~tj i  an u)nt.:1I1ati~~n o.~.available data 13 .:adc. ~~~~~~~~~~~~~~~~~~ c3utacts with (LA ,
it was learncu tnat  c:z t -~ ~ :.iv . ~- a t i :  L~cal d a ta Co1JI:ctlon
effor ts  were and ~~~ e n ~~~ c. . - L ~ ’ed ~.n ent  )lish thei r
ccono~ ical vehicle rcr- L c- an - ~~~~ ~ -ria . Thei r e~ 1or ts t e z u l
to supi~ort our rcco~. ~~~ n~ ~oa ~c uti]. .L~;a tnc U~~~ - s a A
methodology .

4. Prior to ir.iolci:~i~~~Li~ a ~
‘ 

~-~~ t-h i .~~ C L U d y  n thedelogy ,
it is imperative th at- -~- u- -y ~~~ie r i t I c n  hO olaced on thi s
and other stud y roQn Irc~ ~-:~ Ls as ~-~ b 1i~ h~ d by your r tn rL .
Due to critical manacn . r li:i~i - t i on s , i’urther  consiuerat ion
on implementation Ci tb: stu-  - y ci ort would rcouire t~ic
postponement or r e—schc~’ ul iuL :  L 2  the Combat Vehicle

2
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DRSTA—14.SJt 1 6 FEIJ 1977
3UBJECT: Life Expectancy Years and Miles for Commercial

Design Vehicles

i~aintcnartce Policy (CVMP) Study and Reliability Centered:.aintenance Strategy (RCMS) Implementation Study.

FOR THE CO~~1AI~DER: - 
-

t~CHARD L. E~~VANT~ - ,

Cc- c-n&, CS
Director o~ 1-.1~ ntena n~e (NMP)

-~‘- ir , ug;~-:3AA
~~~~~~~~~ ~~~ SY-r?.~ ,i~r . R. 13e1].
~
‘Jd

, ~~-Il 21005

: 1
3

•10
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DRCMM—MS (16 Feb 77) lot m d
SUBJECT: Lif e Expec tancy Years and Miles for Couunercial Design Vehicles I -

Headquar ters , US A rmy Ma teriel Development and Readiness Command ,
5001. Eisenhower Avenue , Alexandria , VA 22333 - 

~~ ~
‘ - :

~ ~~~~~~~~~

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 Bk action officer, Mr. Bird. Based on these considerations ,
Me thod 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) Imp lementation 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 stud y using Me thod ..

A comp lete study plan to include milestone charts will be provided this office
NLT 16 May 1977.

-~~ 

- OR THE CO~~ANDER:

D. D SCO~~AU 
H

( J ’
~ 

Colonel , CS
Associate Director for Maintni ance

4
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DEPARTMENT OF TN! ARMY
US A RMY TANK-AUTOMOTIVE MATERIEL READINESS COMMAND

W A R R E N , MICHIGAN 40000 
- 

-

R3T~ —i-iSA 1 7 MAY 191?

SUBJECT: Life Expectancy Years and ;-11es fer ao:.:.-ercial
DesiGn Vehicles

Jn’ccter
UJ .~r. ~~

- :ateriel -st-~:.~s
lysi~ ActiVity

~ccrL e en Provin~ C~reusd , -~P .21-.’25

1~. te .~crcncc is : ¼.C te:

C. let  ~~~~~~~~ :) 1 . 2::.: . C, ~tc~ Jcc 1. . ~~~~~ e.n~
~ C\  ~i L l l

• — C ~LI1L , I) .L~~ ~ .~~~~. .J~~~, L C~. 1 L 5. ~~~~~~~~~~~ - f
S L IL VC ( l a d  .2)

c. Lct t -cr , i J i — .~~ , ~~~ e.2 ic ~c~~r :ar- 1 , ,  -~~~ e~-t
: v- ~~ ~~~~iC ±  -~ . I-i

~I. 1_ t ~nd~ : .2 : : —: , ~~ -~t- -~ - 1~ ~-~r I t  
~~~~~~ ~~~~~~~~

SV L  (_ncl ~
‘
,.

. 2 .  ~n: 5C~~ ’C ~) 
‘.2 1’~ re-ai~: te ‘le~.cnt tea~ - 

t e-t3t~C - -  15 i’ Ti  ~:x ’c ::ce la cac ‘e~ - ~- u r ca~’~’ - -: - 1’
~~~~~~~~~~~~~~~~~~~~~~~ f -

’~~~~~
- - , - ~~~~- - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- - . -~. -~ ~~~~~~~~~ ~~~- - -  . — - - . - -L~ -. - -. . -~~

.

:~- u1’ :i~~Ti:cy, en ti~c L’.Ct-:1 1:a~~ 1~ -~ ~~~~~~~~~~~~~ ~~~~~~~~ . ‘- , ni:’
~~~~ a ccu . -‘lieh this taT .~ ~~.

~~. 
.2hc ts~ stu ~ y cf~’c rts -~~~~~- in ~~~~~~~ a -  . .~~~~~ . -

n l i -: utili : in , cur 11 .it.T , c a- ~~~~~ 1.1IL- s. :. ~~~~~~~~~~~~~~~~

a. -.n~~ t t hat a r~ -~I ’escntc t iv~; c~’ :~~
-
~~~

‘ ~~~~~~~~~~~~~~~ C- ~~~~~ . ~

- n’. ,eaal~ ~~~. ai’t.: ( . ~~ U t \ - - - ~ ,. ~d~- — 2~- - 
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~~~~
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RICHARD L. BRyANT
Colonel, GS
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‘r. ~e 1l/dka/283-2l35

‘1911
‘)RX.SY-TLE

SUPJl~CT: C~~~~rcial Uisi~n Vshicl. study

~~~ander
US Ar~ ’ Tank-Auto~otivs Iatiri•l

~eadia ss C~~~ snd
D~STA-WSA

~ar-rsn , ‘$1 4$090

1. ~1.eference is nade to~

a. ~1%STA-M~A let ter , dated 17 ~.y 1977, subject - LFo - x nectaacv
Years and u . s  for 1c~~orcjs1 ~esi~n Vehicles ,

h. ! ‘R 5 T ~ _I~cA letter , dated 30 Tun 1977, ~ubjoct : (J~,Jste of ‘Y~)T
tl~lJ~) ~~~~~~~~~ ‘4an-houy Ifinut ~tanda’rds for t o~~-~’rctal (Transport ) —

it ’ll -n lotor Vehic lei .

c. ~R-~TA-’~5A T’.:\ . dated 2 .Tun. 1977 . s’L?’~ect : L1~ ’ ixi~ectancv Y— i rs
‘ii1e ~ for Co’~r,erets1 )eei~i Vehicles ,

d. T!’~ nn ro~.,mercfa1 i)esi~’n Vehicl e ‘ ttidv ‘.eld ~it ~~~~P(~~~~~” on 1
1~77.

e. PRSTA-i~A letter , dated 2 e-nte~ber 1’~77 , s~” 1oct ~ S i*bov~.

2 . &s indicated in reference i.e., the for~e) accenta~ee of the s’~’1ect
st udy by .*}ISAA was to be provided to rARCCP-l u’ion co—~letion of the da t a

~vii1ahIlity ‘~ssoss1~en t. This asse srlent h~ts essenti.~l1v been cn”~1ete !
wtt~’ t~’iee g~iiera1 ~1ndinc~ that the currently e ,ilstinr U”Inigtratlve ‘!c’hfc-1- ~

- 

~~ -a’ - e~er.t Syster (W~”) data base will he suitab le Fe,’ cnrt!uctin~ the st~ .i’- .
~ result, •~‘rAA ‘t ill conduct the stud y as r~wiue~ ted . 1hc study ~dl1 have

t~~ ~‘~sic objectives- (1) reassess th. l ife ex’-’ectancln ~ (ye*r~/”a t1es) of
c~r”-~rcjal d.si.-’n vehicles (as containeui In 14’~!)T 41Z’).4) Rn ~ (i’ ) re-eva1u~ tc
t ’~e - i l n tenance rian- ” nur inru t sta ndards ~-‘nr crr n”~rc1i1 ~‘~~!-‘r veh icles
cv,tai;u-~’ in ~‘Y1)T 41 l.li. It is rn,te~ t h it  t” e ~~ i~ v wis cn~~i~er~’d to



n_x~y—u 
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~ JLJ~Ct: C staI D.si s Vibiel. 3t.4y

have been taitt~~.d in A~~sst lRfl d i.e .zp.ct.d to bi co’spl.t.d in Tuni
D7~ (a ~itsi*id ~~~~~~~~~ :±:~~1. is ~.w% 1dld ii lnclosur 1). AMS&A
will 1re ~~~~~ to ~~ t if *100 000 during PY7$ for the conduct
of at~~~ with psssibly additional ~~ ds required for FY79. Thi $ 1OOi~
for PT7S viii bs few 1.1 ~~~~~~~ of affo. t plus *40K for co.put.r usage .

3. Tn e.ny1o~ m t  the study. A~~ data will he utilized in obtai ning
oniateniews ~~~ts for the vibiclu i.d~v atudy . AV?4S date will he cal i.ct-
.4 at st~ 4tf(Ir~~t sit.. (Vt. . $.ening • onis • Shatter and Knox ; APC and
V~~~~) b.gi iag 1 Ostebir 1977 for sppv.ziuat.ly m i  year. These sites
wire s.lut.d be. se they contain th. largest quantities and hay, the
widest divsssificstien .f types .f aduiis istrstiv. vehtcl.s . I t is sntici —
peted that data will be collected on a total of appr oxii’titely 6000 vehicles
at these sin situ.

4. As indicated in th. TP~ of reference l.d . ,  the determ ination of the l i C e ,• -~~

expectancy of the vuan.vcial design aduini stra tive vehicles will  be arriv. 1
at through an evaluation of th. •cono.ic h f .  of thes. vehicles (the mll e ai ’e/
years In which the overall cost to procur, and maintain thes. vehicles is
at a ainiswi to the Arey) suppian.nt.d by a RAM analysis of these vehic les
over the economic life span to determine if the life expectancy should be
less than the .ceuiomic life because of RAM considerations. Uurinp the course
of these evaluations asinten ancs man-hour r.quirerenta will be dove loped for
co.iar ison with th. standards contained in 0001 41!1.l0. :‘tt the re ferenced f
TPR , the O& representative requested thet if -possible , each of the 92 Line
Item “Iueb r Vshjcl.s be evaluated ssperat•ly. 0url n~ the conduct of the
stud, each vehicle in which sufficient sasple size is avsilahl . for the I~ter-
Ma at ion of a maintenanc, cost model will  be •vilust~d separatel y. Those
vehicles with small sample sines will be sppronrlatel y combine d wtt )~ other
vehicles for eva luation purposes.

5. Tn connection with including Maint enance ~1 ~orv tce ( f ~~) Vehicles .
(reference i.e.) La the study , inclusion of these tvno vehicles in study
sopear s feasible. Ini tial discussions with at least one data collection
site (APC) Indicates that maintenance data on these type veM clos is alsc~
being collected ad.r the AVMS.

2
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I*XST-*!
SUIJECT: C .usiai Design Vibisie Study

6. 1* ~~~~~~ A~~AA will ssndu ,t the ssquest.d Comercial I)esign Vehicle
Study. Th. study will include a life put cy and maintenance man-hour
amal, ’sis of su -ucial design aduimistretive md )4S vehicles sad will be
conducted to aacevdaace with the ett~~~sd milestone sch.dusle. Puads in the
smoimt •f $100 000 will be requi red ~~ PY7S. Th. point of contact at A)~ AA
is Mr. Lsyussid lell , Autoves 213-2135 .

FOR TUE DIUC1 ’OP.

Signed

1 m c i  RCNALD L. SP CNS
as Acting Chief

RAM Division

cp~Cdr , T)ARCON , ATN : DROf f-MS (Capt . J .  ughes)
AiIM: DRCPA

Cdr . TARCOI4, AiIM: DRSTA-Plt (Mr . t . Ma itnan )
Marion Smith , E~ud!et Office

I
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Aug 77 Initial Tfl Review of snaf y plan.
Aug/Sep 77 Di. ss s t t  .f installation month ly maintenance

repert end fsss~~tlity of transferri ng data to A*C
with Pt. Ensz Pt . kanin .~, and ~~~

Sep/Oct 77 Visit additiona l data collection sit.. (WS?4R • Pts.
Lewis end Thafter) to discuss Implenenta tion of
date collection effort .

Sep 77 fliseuss study with GSA/Navy/Air ro ce/FOR cC(P4t11~ADOC .

Sep 77 Forward AM SAA’ s formal acceptance of study to TARCCPM
with study plan and funJin~ reoulrements.

-)ct 77 In itiate date collection effort .

-Tan/Fob 7$ Visit data col lection sites to review late collection
effort .

Apr 7$ Peview initial 6 months of data collection .

~4ay/Stm 7$ ~evis* •xistin~ computer ~rorrs’.s on basis of initial
data review.

Jun/Jul 7$ Re-visit data collection sites to review data
collection. - -

Son/Oct 7$ Complete data collection effort .

~oy 7$ Receive data ta’es from A~EC.

.ov 7$ Initia te analy sis of data. -

Apr 7” Complet, analysis of data.
lay/J un 7~) Prep are interi m report on study flniin ’ sand

provide brief ings as required.

7b
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APPENDIX B

INDIV I DUAL VE HICLE TYPE REGRESSIO N FIT INFORMATION AND PLOTS
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DATA SOURCE TRADOC 78

LIN B~444 1 NOMENCLATURE Auto Sedan Compact

Acquisition Coat $3500 Average Annua l Mileage 13000

Fits based on all years

In stantaneous Maintenance Cost Years

IMC (Y) = — 6 . 6  + 150.13Y

RSD • 471.64

Minimum Point ASC ~ = 6.8

Value ASC at Minimum $1019

Instantaneous Maintenance Cost Miles

IMC (M ) = .0138 + 6.13 10 7M

RSD =458

Mini mum 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 13000 add 1.4 hours

less i inoo subtract 1.4

CO1~QiENTS : Some 4 year old vehicles had very high costs , they all
seemed to have the same manu facturer and perhaps should be rep laced.
Pe rhap s some fa ll ing of costs in the sixth year.

78
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DATA SOURCE TRADOC 77

L I N  80444 1 NOMENCLATURE A u t o  Sedan Comp act

Ac quisiti on Cost $3500 Average Annua l Mileage _ l0000

F i t s  based on all years

tnstantaneous Maintenance Cost Years

IMC (Y ) = 266.83 + 223.60

RSD = 285

Minimum Point ASC Y = 5~f~
Value ASC a~ Minimum = $984

Instantaneous Maintenance Cost Miles

UI C ( M ) = .0112 + l0.53~~l0
7M

RSD = 292

hMinimum Point ASC Y 81533

Va lue ASC at Minimum = 9.7

Instantaneous Maintenance Man—hours Years

IMH (Y ) = —9.79 + 11.42?

RSD = 13

for each 1000 miles more than 10000 add 1.4 hours

less loooo subtract _ j . 4 
—

COMMENTS : The five year old vehicles have a few vehicles with very
hi gh maintena nce costs. The y p r o b a b l y shou ld  have been washed out us ing
a repair expenditure limit.
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DATA SOURCE TRADO C 18

LIN X39598 NOMENCLATURE Trk Cgo ~ T

Acquisition Cost 14539 Aversi. Annua l Mileage 8000

Fits based on years 1— 7

Instantaneous Maintenance Cost Years

I MC (Y) = 34.22 + 55 .64Y

RSD = 242 L
Minimum Point ASC Y = 12.8

Value ASC at Minimum = $745

Instantaneous Maintenance Cost Mile s

IMC(M ) = .0156 + 6.02 10 7M

RSD = 235

Minimum Point ASC Y = 122,800

Value ASC at Minimum =

Instant aneous Maintenance Man —hours Years

11f} I(Y) = —5 .38  + .00138(8000) + 3.75Y

= 5.66 + 3.75 ?

RSD = 17

for each 1000 miles more than pcyj~ add 1.4 hours

less g~~p subtract 1.4

COMMENTS: Not much experience with old vehicles , i.e., those past
8 years. Shop days m ay increase in tenth year.
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DATA SOURCE TRADOC 78

LIN X39598 NOMENCLATURE rk Cgo ~s T

Acquisition Cost S4539 Average Annua l Mileage 8000

Fits based on years 1—7

Instantaneous Maintenance Cost Years

IMC(Y) = 71.85 + 42.60Y

RSD = 208

Minimwo Point ASC Y 14.6

Value ASC at Minimum = $693

instantaneous Maintenance Cost Miles

IMC (M ) = .0205 + 3.68•10
7
M

RSD = 206

Minimum Point ASC ‘~ 157 ,062

Value ASC at Minimum

Instantaneous Maintenance Man—hours Years

LMH (Y ) = —1.64 + .0011 (8000) + 3.03Y

= 7.16 + 3.03Y

RSD = 14

for each 1000 miles more than 8000 add 1.1 hours

less 8000 subtract 1.1

COMMENTS:
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DATA SOURCE TRADO C 78

U N  X39598 NOMENCLATURE Irk Cgo ~ I

Acqui sition Cost S4~39 Average Annua l Mileage 8000

Fit s based on y~ar~ 1—7

Instantaneous Maintena nce Cost Years

IMC(Y) = 65.66 ÷ 41.44y

RSD = 207

Minimum Point A~C Y = 14.8

I:Value ASC at Mini mum = $679

Instantaneous Maintenance Cost Miles

IMC(M) = .025 + 3 .38 . 10 7 M

RSD = 210

Minimum Point ASC Y = 163 ,884

Value ASC at Mi nimum = 8~

I ns tan taneous  Maintenan ce  Man —hours Years

IM N ( Y ) 2 .8  ÷ .00084 (8000 ) + 2 . 4 7 Y

9.52  + 2 . 4 7Y

RSD = 14

for each 1000 miles more than 8000 add .8 hours

le ss 8000 subt ract  .8

COMMENTS :
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________________________
DATA SOURCE TRADOC 77

LIN X39598 NOMENCL.ATURE Irk Cgo ~ T

Acquisition Cost $4539 Average Annua l MiLeage 8000

Fi t s  based on year~ 1—7 
- 

L

Instantaneous Maintenance Cost Years

IMC(Y) 9.77 + 57.30Y

RSD = 213

Minimum Point ASC Y = 12.6

Value ASC at Minimum = $731

Instantaneous Maintenance Cost Miles

- 
thC(M) = .0159 + 4.96-10

7
M -

RSD = 215 -
5

-

5 Minimum Point ASC Y 135 ,286

Value ASC at Minimum = 8.3

Instantaneous Maintenance Man—hours Years

IMR (Y) 2.56 + 4.34Y

RSD = 14.3

for each 1000 miles more than 8000 add 1.3 hours

Less 8000 subtract 1.3

COMMENTS:

118-S

~~~~1



--5-— ---— --— —~~~~ S - -~~~~~~- 5-~~~~~~~ ‘ ‘~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ——— ~~~~~~~~ - -  - -

5’ -— - —- —- -5- —5-.—; - —  —-—_~
--—.

-r ~~~~~~~ ~~~~~~~~~ r ~~~~~~~~~~~~~~~~~~~~~ r ~~1 F~~ 1 r t t

N
-

-

F-
r~~i - -LU a:N LU

0 Lii‘—I - 

~~~ CD0 a:U - - 

LU
-J

P. - U

p. -

- p.. -

p. 

p.

* 

I I I I I I I I I I I I I I I I I I I L I I I I I I I I I  0
0

9~1ZJIHJA JO ~J~~WflN
119

- - --_ _

L. 
~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~ -

.5 -- - --.—— -.—-----_ -.-- - - — —5 5- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.
~~~~~~~~~

• - — ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • . --



-5----- — --—- 5— —- —--- —---- 5—- -• - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
__

~~~~~~~~~~~~ .5 - -__ - _ •_ —_ •_____ _.5• ___~

F I F I ~~ I ~~~~~~~ I F ~~~~ F ~~

-

N .

LI)
-4

F- 
- 

*

(N-
N 

-

-
I 

- >-

0 - 4 H

• 
Ct

4 H p. -

-J
I M p .  -

I— I
I M P  -

- -

c c -  - U )
0)
If) - 4,u pp -
(1’) - 4 . . p. -

- I M P .  -

S__ I _I 1 1 1 1 1 1 I _ I I  1 1 1 1 1 1 1 1 1 1  I __f I_ a
a

~U3A 911-11 9311W
120

-

~~ 

— 

5 
- - 

~~~~~~~~~~~~~~~~~~~~ 

S

_ __  • ~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
555

~~~~~~~~~~ I ~~~~~~~~~~~~~~

N
-

F-
(\J -  -

Ct
Li

‘—4 - -

o - 4 p. 0 Lii
CD
Cr

I M P  - 
U

1--
- - 

>

- 4.s p -
c c -
0)
10 -

0)
( 0 -
x

1 1 1 1  [ f i l l  [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1  0

I 1 0

3O~31IW ~N10NJ
• 121

:~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-~~~~~~~_~~~~‘

L1. - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -.



—1--a--- r ~~~1 1 1~~ 1~~~~ r~ Th —fl~r-1—fl----1-— t- r i

N \~~~~~~ 

-

N . \~~\ I
— I —

— U)

— I - :~

1-— I
(N -  I \  

-

N I \
- 

I - >

I 

/ ~~~~~~~~~~~~~~~~~~~~~~~ 

~~

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  a

Q Cd CD 0
(T~ .-4 ‘.4

(00 1 X 9~~11O0 ) 1G03
122

_ _ _  

4

_ _ _ _ _ _ _



— -- - 
~~~~~~~

5-. _-5.rF~~
_ — -

— - -5- .  
_ —--•.

~
-_- •

- -t F r—
~) r~~~~~ r ~

t— r F f lT h~~l \r~~~ r- ‘— r---r-r—r--r--1 ~
-

H
-

* - 
I

I 
-

- 
\ I  -• I f

- 
\ I -~~~

\

\

\

\

\

\

\ :

p _

- 0
0

- I 0
I -
I— I 0(N - 

IN I 
-

•
1 - Is.)

0 1

- 

LU
.1 ~ - CDa: 1 a:
I— Li

I ‘—4

/
• — / 

p .
/ - ;

- /
• ‘..AJ / - Li)

~ J )  ,

If) - /

0) 5,
, -

CU-
>< — 

.- -
. —

— _.__ ..J .__ I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

(0 0

( 91N33 ) .1803 
*

123

-• - - — --- -5- .  

• .. . - 
• -- - — -

~~~~~~~~~~~~ .~~~. —~ ~
-

~
-*-- -----

~~~~ -



1 1 1 1 1 1 1  r 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

N 
-

-

I 

\

(F—
( N -  \ -

N \
‘—4 - - >-

\ I H P -

\4~~~~~~P

F— \ F
- 4~~~~r\

P -

- 4 P. -

c c -  \ - U )
0) \
I n-  -

0)
CU-
x

- IM -

~~~~~~~~~~~~~~~ I I  1 1 _I I 1 J SJ 1 1 1 1 1 1  I i  
S

0

9~iflO~-~N~W
124

___ I .

L. .~~~~~~ - - •~~~~~ . -- •~~~~~ 
_ _ _ _  _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _



_ _ _ _  

_
~~~~~~~~~~~~~~

._ -5- 

1 1 1 1  ~~~~~~~~~ F l  I~~~~~ I L I  ~~~~~~ E~~~

N 
- -

N . -

-

-

-

- 

H
• F-

(-‘- I 
C;)

L U  - ‘_
~

N
‘—4 - 

5
’

0 - 0
0 I
U I- 

~~~~~~~~ LU
-J

E
F—

- S

-

c c -
0)
LI)-
0)
CU-x

I I I I I I I [ I I I I I I [ I I I I I L I I [ 0

:~~~ 

0

GAEIO dOHS

_ _  _  

. 

_ _ _

~~~~~~~~~~~~~~~~~~~~ —__-—------~~~~~~~~~~~-- —5- ~~~~~~~~~~~~~~~~~~ 
_~~~~~ • ~~~ 1-  ~~~~~~

- -
~~~~- - -~ - -~~-~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~



r

DATA SOURCE TRADOC 77

LIN X39598 NOMENCLATURE Trk Cgo ~ I

Acquis ition Cost $4539 Average Annua l Mileage 8000

F i t s  based on years 1— 7

Instantaneous Maintenance Cost Years

IMC(Y) = 50.39 + 48.05y

RSD = 227 
.

5

,

Minimum Point ASC ‘1 = 13.7

Value ASC at Minimum = $711

Instantaneous Maintenance Cost Miles

IMC(M) = .0181 + 4 . 3 2 -  10 7
M

RSD = 226

Minimum Point ASC ‘~ 144,962

Va lue ASC at Minimum =

nstantaneous Maintenance Man—hours Years

IMH(Y)

= 4.88 + 3.52?

RSD 16

for each 1000 miles more than 8000 add 1.0 hours

less 8000 subt r ac t  .0

COMMENTS :
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DATA SOURCE TRADOC 77

LIN X39598 NOMENCLATURE Trk Cgo 
~ 
T

Acquisition Cost $4539 Average Annual Mileage 8000

Fits based ~~ years 1—7

Instantaneous Maintenance Cost Years

IMC (Y ) = 24.49 + 50.94Y

RSD = 182

Minimum Point ASC Y ~ 13.3

Va lue ASC at Minimum = $705

Instantaneous Maintenance Cost M iles

IMC(M) = .0158 + 4.88J0 7
M

RSD = 180

Minimum Point ASC Y = 136,391

Value ASC at Minimum = 8.2~

Instantaneous Maintenance Man—hours Years

= 3.56 + 3.82Y

RSD = 13

for each 1000 miles more than 8000 add 1.1 hours

less 8000 subtract 1.1

COPQIENTS : 
S 

-
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DATA SOURCE TRADOC 78

LIN X39893 NOMENCLATURE Trk Cgo 1— 1 ¼ T

Acquisition Cost _ $6330 Average Annua l Mileage 7000 5

Fits based on years 1—7

Instantaneous Maintenance Cost Years - 
- .

• IMC(Y) = —74.42 + 237.08

RSD = 752

Minimum Point ASC Y = 7.3

Value ASC at Minimum = $1658
PS -

Instantaneous Maintenance Cost Miles S
IMC(M) = .06363 + 2.08•10

6
M

RSD = 767

Minimum Point ASC Y = 78,016

Value ASC at Minimum = 22 .6~

Instantaneous Maintenance Man—hours Years

IM}l ( Y) =

= 14 14Y

RSD =

for each 1000 miles more than 7000 add 2.5 hours

less 7000 subtract 2.5

COMMENTS :

142

- .5 - - . S- S ~~~- 
S ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~

._ . - ~~~~~~~~~~~~~~~~~~~~ ,.—~-



I F~~ F ~~~~~~~~~~~~~~~~~~~~ ~~~~ r ~~~~~~~~~

co
-

: I

-

_LSJ
~~~

J I I I I 4~J J~ i ~i i L I_I I _I i _I t —i ~ —S.LL_I L.J —~ — 0

0

93131H3A JO ~~~~NflN
I 4 3

__________ • 
5 - -.~~~

-
~- *- ~~~~~~~~~~ ~~~~~~~~~~~ 

-—

- ~~~~~~~~~~~~~~ 
‘ ~~~~~~~~~~~~~~ - ~~~~~~~~~ 

~~~~~~~~~~~



r —--
~~~~

- - 

- —

I I I  I 1 ’ l t I I 1 I F I I I I I I F I I I I  F

cc
N . -

- U)
-4

Cs)
-

I a:
u

‘—I - -

0 -
rr~ CD
U CE
U - I M P .  - Li

F-- II.)- -

CU - I M P .  - If)

0)
c c -  I MP  -

0)
• (1) - I N p. -

- I M p .  -

- I N p. -

_ 1 1 1 1 1_ I I l l !  1 1 1 1 1 1 1 1  [ I 1 I I 1_~~~~

I I
~b~A GIRL S~11N

144

—. -~~~~~ ‘~~ - - -~~~~~~~~~~~~~ ~~ 5
— 

~~~~~~~~~~~~~~~~~~~ 
l’t

~ FI5k4~ ’-5 ~~~~~‘&S~ 5.5.5



- - 5 . ,—.-S— ~~~~~~ ~~~~~~~~~~ . — ~-.— r’~~~~
5- ~~~~~

— ~~~ I ~~~ ~~~~~~~~~~ 
~~~~~~~~~~~~ I I ~~~~~~~~~~~~

co
N . -

5—’

(~I~)

U 4 N P .  

I M P .

- 4M5. -

-

1 I L~~ I ~ ~~~~~~~~~~ ~ 0

0

3S~31IW E)NIONJ
145

- 5 .- —.- ~~~~~~~~~~~~~~ - - - S 
~~~~~~~~~~~~~~~~ S _____

—



- -5 -~~~~~~~~~~~~~~~~ ---- --~~~~~~~
- --- - —-5 

I I I I  I I I I I I I I 1 I 1 I I I I I I I I F~

- -cc
N

- ‘¼
‘¼

-

‘¼
- ‘¼ • 

li_I

‘¼ ~.4

‘¼
-

N ‘¼ C,) . -
- 

5_~~
._ - 0:::

ci:
‘¼ LU

N -

‘¼
0 -  - 0 LU
CD N CD

I N P. - 
Lii

d
N 

- I .

I
‘~~~ - Li

IN
N 

-

/ N
CO - 4N M  p - U)
0) Ncc - 

..,
, N N

N.. 
-

CU - . - - p. -

X - — — — -
. N

- M p.~~~

- 4 P

I I I J I I I ..i J I (_J J J L I I I i., 4 J_~J ~ 0
• Q CD Cd CD 0

I~) L\j — —

(00 1 X G~ W11OO ) 1903
146



-

~~~~~

F I ~~~~~~~~ ~~ F F F~~~~~ I I

’

c c ’
N

‘¼
‘¼

— ‘¼
‘¼

— ‘¼
‘¼

- ‘¼ U) H

- ‘¼ - o
0

- ‘¼
‘¼
’

1— ‘¼ 
- 

><
‘¼ -

N ‘¼ iii
N0 - N  ~~~ 0

CD N ‘¼
( J •  N ’  -N I U

N CD
• N’ - CE

Lii
I— I 

~—1
- 

I \  
- 

- -

/
/

/ - U )
f-c-’ /
U’) /c c -  S -

0) —
-

x

S Ii ....i I I  ~~ ii....i 1 1 1 1 1 1  I J_ I J  ~~~~~~~~~
Q CD Cd CD 0
(Y) Cd —

( $1N33 ) 1903
147

______  - - ______  - S 

-

________



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I l l I l i l l I l l  F i l l !  1 1 1 1 1 1 1

cc -

-

4-
S

- - U)
- —

5-’

cc) S

- -
I CE
I Li

- - >-

0 .
I t

• I P. - U
‘5— _J
~~ - N,. 0- 

I
-

S F-
>

CU - N P. - U)

a, N. S

cc • I M ’N
~~~P. -

0)(1Y) - I p. -x I 
-

- N p .  -

- I P . -

~~~~~ I I ~~ ~~ I I L I I I ~~ ~~~ I ~~ I I ~~ ~~ I 
-

8 0
-4 -4

- 
S~fl0HN~W148

I

- —  
_~~~~~ ± S 4 _~~~~~~~ 

S ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~



--.5 5- —.-- —--.-
~~

-
~~~

-- 
~~~~~~~~~~ 

—
~~~~~~ 

-
- .5 5 --- ---~~ S - ,.~~~~ ~~~ 5

I I F F F 1” I I I F 1 1 1  F’~1 1 I T F F 1 I I I C’J

cc - ‘

— —

—

S 
- - LID

‘—4

r
- - 0::

I— Li
- - >-

0 -  0 L~CD CD

I M P .

~~ -J
- U

LL_ PI
Li

- >

CU - IM~~~~- U) 
S S

0)
cc - I M P .-

CU - I M P . —

x
- 4 N

- IN.

. ‘ -t ~ I ~~ ~~ i I ~~~~~~ i 0

U) C~J a) 0 I ’
(Q Q) —Cd CU

GAL~~0 dOI-49
149

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~-

.- ‘S - 



DATA SOURCE TRADOC 77

LIN X~ 9893 NOMENCLATURE Trk C&o 1— 1 ~i I

Acquisition Cost $6330 Average Annua l Mileage 7800

Fits bas ed ~~ 
years 1—7

Instantaneous Maintenance Cost Years

IMC(Y) = —64.50 + 246.60Y - H

RSD = 578

Minimum Point ASC Y 7 .2

Value ASC at Minimum = $1702

Instantaneous Maintenance Cost Miles

IMC(M) = .0419 + 21.83•l0
7
M

RSD = 594

Minimum Point ASC Y = 76 , 153

Value ASC at Minimum = 20.8

Instantaneous Maintenance Man—hours Years

IMH(Y) =

= 6.48 + l 3 .2 1Y p
RSD = 32

for each 1000 miles more than 7800 add 2.6 hours

less 7800 subtract 2.6

COMMENTS : Note high RSD , these are not good individua l vehicle
predictors.
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DATA SOURCE TRADOC 78

I-IN X42 064 NOMENCLATURE I rk Ca 1~ I

A c q u i s i t i o n  Cost $ 5 7 7 1  Average Annua l M i l e a g e  11 ,000

F i t s  based on y ears  1—7

Instantaneous Maintenance Cost Years

I M C ( Y )  = 65.73 + 59.75Y

RSD 265

Minimum Point ASC Y = 13.9

Value ASC at Minimum $896

Instantaneous Maintenance Cost Mile s

IMC(M) = .01538 3.84.lO~~I1

RSD = 2 6 1

Minimum Point  ASC Y = 173 ,370

Value  ASC at M inimum = 8 .2 ~

Instantaneous Maintenance Man—hours Years

111111(Y) =

= 6.04 4.38Y

RSD = 19 -

for each 1000 miles more than 11 ,000 add -~~ hours

less 11 ,000 subtract •
Q

COMMENTS : M i l e s  per  y e a r  a re  r e a l l y d r o p p i n g  o i l ’ f o r  o ld  v ehicics .
Old vehicles may not be trustworth y.
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DATA SOURCE TRADOC 77

H LIN X42064 NOMENCLATURE Trk Ca ~ T

Acquisition Cost $5771 Average Annua l Mileage 10,000

Fits based on years 1—7

Instantaneous Maintenance Cost Years H

IMC(Y) = 29.83 + 68.31Y 
S 

- 
S

RSD =  242

Minimum Point ASC Y = 13

Value ASC at Minimum = $918

Instantaneous Maintenance Cost Miles

IMC(M) = .0108 + 5.09-10
7
M

RSD = 249

Minimum Point ASC Y = 150,584

Value ASC at Minimum = 8.7~

Instantaneous Maintenance Man—hours Years

111111(Y) =

5.61 + 4.32Y

RSD = 15

for each 1000 miles more than 10,000 add .7 hours

less 10,000 subtract _ 7

COMMENTS :
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DATA SOURCE TRADOC 78

LIN X54805 NOMENCLATu RE Trk Pnl 1/2 — 3/4 T

Acquisition Cost $4501 Average Annua l Mileage 6700

Fits based on years 1—7

Instantaneous Maintenance Cost Years

IMC (Y) = 25.18 + 60.5 1Y - 
S

RSD = 222

Minimum Point ASC ‘~‘ = 12.2

Value ASC at Minimum = $763

Instantaneous Maintenance Cost Miles

IMC(M) .0308 + 5.5-10
7
M

RSD = 238

Minimum Point ASC ~
‘ = 127 ,935

Value ASC at Minimum = io~

Instantaneous Maintenance Man—hours Years

111111(Y) =
S 

= 4 - l + 4 . 3 3 Y

RSD = 16

for each 1000 miles more than 6700 add 
— 

.6 hours

less 6700 subtract .6

COMMENTS :

S 
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DATA SOURCE TRADOC 77

LIN _x548o5 NOMENCLATURE Trk Pnl 1/2 — 3/4 1
Acquisiti on Cost 

~~~~ Average Annua l Mileage 7000

Fits based on 
~~~~~~~~ ~~~~~~

Instantaneous Maintenance Cost Years

IMC (Y) • 58.90 + 54.39?

RSD= 220

Minimum Point ASC y 12.9

-~Value ASC at Minimum = $759 
•

Instantaneous Maintenance Cost Miles

IMC(M) = .0294 # 4.24-10 7
M

RSD = 235 H
Minimum Point ASC Y = 145,709

Value ASC at Minimum = 9.1~

Instantaneous Maintenance Man—hours Years

IMN (Y) =

= 5.6 + 4Y

S RSD = 14

for each 1000 miles more than 7000 add .8

less 7000 subtract 
___________

COMMENTS:
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DATA SOURCE TRADOC 78 -~ -

LIN - X56Q38 NOMENCLATURE Trk Stk I T S

Acquisition Cost $5214 Average Annual Mileage 6200

Fits based on years 1—7

Instantaneous Maintenance Cost Years

IMC(Y) = -96.91 + 122.86?

RSD = 329

Minimum Point ASC Y = 9.2

Value ASC at Minimum = $1035

Instantaneous Maintenance Cost Miles

— 

IMC(M) .034 + 16.26.10 7
M

RSD = 318

Minimum Point ASC ‘
~
‘ = 80,083

Value ASC at Minimum = 16..4~

Instantaneous Maintenance Man—hours Years

IMH ( Y )  =

= 5.8 ~ 8.66?

RSD = 18

for each 1000 miles more than 6200 add 1.5 hours

S less 6200 subtract  1.5

COMMENTS :
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DATA SOURCE TRADOC 77

LIN X56038 NOMENCLATURE Trk Stk 1 T

Acquisition Cost $5214 Average Annua l Mileage 6600

Fits based on years 1—i

Instantaneous Maintenance Cost Years

IMC(Y) = —81.5 + 131.16?

RSD = 270

Minimum Point ASC ~ = 8.9

Value ASC at Minimum = $1088

Instantaneous Maintenance Cost Miles

IMC(M) .027 + 16.44•10
7
M

RSD = 268

Minimum Point ASC Y = 79,644

Value ASC at Minimum = 15.8~

Instantaneous Maintenance Man—hours Years

t =

= —3.6 + 9.49Y

RSD = 17

for each 1000 miles more than 6600 add 1.2 hours

less 6600 subtract 1.2

COMMENTS : There was a big increase in shop days for the 8 year old
vehicles. We may not be able to support old vehicles of this type .
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DATA SOURCE TRADOC 73

LIN X56463 NOMENCLATURE Irk Stk 5 T

Acquisi tion Cost .~~~~p Average Annua l Mileage 6000

Fi ts  based on years 1—9

Instantaneous Maintenance Cost Years

IMC(Y) = 277.69 + 39.02Y

RSD = 391

M i n i m u m  Point ASC 1’ = 19.8

Value ASC at Minimt~’n $1050

Instantaneous Maintenance Cost Miles

1M C ( M ) = .0622 + 8.66 10
7
M

RSD = 
~~~~

Minimum Point ASC Y = 132 ,919

Value ASC at Minimum = 18.8~

Instantaneous Maintenance Man—hours Years

f
20.95 + 3.09Y

RSD~~ 24 U
f o r  aach 1000 mi le s  more than 6000 add ~~ hours

less 6000 subtract __________

COt-QIENTS: Data come s from largely old vehicles . Therelore , costs may
have alread y started to fall.
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DATA SOURCE TaADOC 77

L I N  X56483 NOMENCLATURE irk Stk 5 T

Acquisition Cost $7650 Average Annua l Mileage 5400

Fits based on years 1—9

Instantaneous Maintenance Cost Years

IMC(Y) = 311.83 + 37.5Y

RSD = 431

Minimum Point ASC ‘~‘ = 20.2

Value ASC at Minimum = $1069

Instantaneous Maintenance Cost Miles

• IMC(M) .915 + 6.08 10
7
M

RSD =

Minimum Point ASC Y =158,633

Value ASC at Minimum = 188~ k
Instantaneous Maintenance Man—hours Years

IMH(Y) =

= 20.92 + 3.45Y

RSD 27

for each 1000 miles more than 5400 add 3.6 hours

less 5400 subtract 3.6

COMMENTS:

2 1-4

L ~~~•



1

I I I I I I I I F I I I I T 1 1  I I I I I i i r r r i F 1

— •

- -

in

U)
- - a::

CI
I Li
L I ) -  -

~~~0 Lii
CDa:

- S. - Lii
-J

F- - i~.i>

- p

CV) - 5’

• j-
c c -  5’-

(0
L U -x

- 5’ - H

t~~~~~~~~4 I 44~~~~~~ t J ~~~~
J I I  1~~~~~ -J -  0

0

G~13IH~A .~0 ~NflN
• 215

_________ — - • - - - — --——— •_  —--~~~~- _______



~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~ ~~--~~-------— - — ------- —--~

I I 1 I  1 F 1  1 1 1 1 1  F l  I I  U I  I U I  1 F 1

r
• a:

- IwS - Lii

44 - 
L)

- 4 N 5’ -

(Y) - 4 N S. - U)
I

-CD - 4 w 5. -
CO
11) - 4 5. -

x
- 4N5’ -

~ I L—L I I i J J i _ J
~~ LJ~ 

I I I i i I J I I ~~ a

0

~d~ A GIHJ. 9~11N •
216 

~~- •. - -  _ _ _ _ _  _ _ _ _



-- - -—
~~~~~~~~~~~~~~ 

-
~
-:-• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- --• -

~~~~~~~

1 1 1 1 1 1 1  T i l l I l l I l l i l l I l l I

-

-

- - If)
-4

(1)
- -

F-
- - >-

I—

I—
IN, -

-

I— I
- Lii

- I N S  -

(0 - I N S  - If)

(0 
- I w  P -

CO
LUx

4-

J~~i l J i 1 l i l l l  I I I  I~~~i 1 1 1 1 1 1 1  C)

0

— 

~~b~1IN ON I0N~
217

H

• ~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ 
-
~~~~~~~~~

-•
~ ~~~~~~~~~~~~~~~~~~~



F ~~~ F~~~~ F~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ I

— 

I 
—

INS

- ,
/ 4 N 5.- L(y) - N S - U)

(0 - .. 4 N P. -

(0 — —

LU .— INS. -x
•4-

I I I ~~~~ ~ J~ [ I ~~~J~~J i i 
~ 

I J I I I I i~ [ I

Q ~~
- C’,i (0 0

1—4 -4

(001 X 9~b110O
) 1903

_ _  —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~- •~~~~~~~~~~ _ _



~~~~~~~~~~~~~~L

I I I I I I I\I I’ I I I I I I I I I I I I I I I

\~I - 

\
\\\\\

\
\\

-

- I - 6
0
0

— I —
I 0

‘-4

F- 
-

LID - i - Cl)
I ILl
• _J

- I _~~~a —

F- /

LU

I
I 

-~~
/ 

- 
Lii

I

/
/

- /
/

/
- - U) ii

c c --. -

(.0
LU-x

1 1  I I I  l i i i  I I I I I I 1 I I J  I 1 1 1 1  a
Q C~J (0 0
(TJ C\J P4 p4

( 91N~3) 1903
219

- — 
--

~
-- __ .  ~I ~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~- —-~~~~~——_. — — —-- U—-



-
~~~~~~~~

- -
~~~~~

--- --
~~~~~~~~~~~~~

---- -
~~~~~~~~~~~~~

—--

1 1 I  1 1  I I’\~ I 1 1 1 1 1 1 1 1 1 1 h h 1 1  T I

-

- if)
‘-I

N 

N S  

N

: 

5’ 

U)

i 1 1 1 1 1 1 1 1 1 1 1 1  [ t I l l  l i i i  I I .  •

9~fl0HN~W
220 

~~-~~~~~ ---~~~~~ -- - - • • •• •~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~



T I  I I I I I I I I I I I I T J I  I i I I  I I I

- -

I.

F- 
-

If) - - >-

- - o i~H- -

- INS - lii
C-)-

F-
-

I 
r

(0 - I N S -.  U)

:1-

03 - I N 5. -
CO
LI) -

x
• - INS.

J I I ] I ~~~ I I j  J I 1 1 1 I J 
~~~

12 0) 0

9A~ 0 dOHS

U

- . • -

L.. - ~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~ . ~~~~~ - •• •~~~~~~~—_~~~~~ •----~ -



_ _ _ _ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _  • ~~~~~~~~~~~~~ • ~~~~~~ • •.~• •— - • •— - -••—•-.--—•. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • _ _ •
~~~~~~~~~~ I_•-___•____- —

DATA SOURCE TRADOC 78

L I N  X60185 NOMENCLATURE Irk Tctr 28000 GVW

Acquisition Cost $18,422 Average Annua l Mileage ~00O —

Fits based on years 1— 12

Instantaneous Maintenan ce Cost Years H

IMC(Y) 160.03 . 46.62Y

RSD 436

Minimum Po in t  ASC Y = 28 .1

V a l u e  ASC at Min imum = $ 1471

I n s t a n t a n e o u s  M a i n t e n a n c e  Cost  M i l e s

I M C ( M )  = .0733 ~ 8.38 10
7

M

RSD = 435

Minimum Point  ASC Y = 209 ,682

Value  ASC at  Minimum = 24 .9~

Instantaneous Maintenance Man—hours Years

11411(Y) =

= 15.35 + 3.19?

RSD = 28

for  each 1000 miles more than 5000 add 3 .2  hours

les s 5000 subtract 3.2

COMMENTS: Quadratic fit to years  1—12 showed a downward t r e n d  d u r i n g
the last several years. There was not enough data to do fewe r y e a r s .
Therefore , rep lacement years and miles are probabl y too long .
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DATA SOURCE TRADOC 77

LIN X60l8 5 NOMENCLATURE Trk Tc t r  28000 GVW

Acq u i s i t i o n  Cost $18 ,422 Average Annua l Mileage 6600

Fi t s  based on 
— 

years 1—12

Instantaneous Mai itenance Cost Years

IMC(Y) 20.76 + 102.40?

RSD 839

Minimum Point ASC Y = 19

Va lue  ASC at Mini mum = $1963

Instantaneous Maintenance Cost Miles

IMC (M) = .008 + l1 .56 10
7
M H

RSD = 814

Minimum Point ASC ‘~ = 178,527

Value ASC at Minimum = 2l.4~

Instantaneous Maintenance Man—hours Years

• 11411(Y) =

= 12.54 + 5.77Y

RSD = 41

for each 1000 miles more than 6600 add 4.1 hours

t ess 6600 subtract 4.1

COMMENTS : These RSD’s are high , so these equations are not good
• individua l vehicle predictors. Additional work should be performed

• on these vehicles.
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DATA SOURCE TRADOC 78

LIN X61518 NOMENCLATURE Trk Ulty 4x2

Acquisition Cost $4253 Average Annual Mileage 5600

Fits based on years J_7

Instantaneous Maintenance Cost Years

IMC(Y) 93.09 + 104.28Y

RSD = 22 8

Minimum Point ASC Y 901

Value ASC at Minimum = $849

Instantaneous Maintenance Cost Miles

IM C(M ) = .0374 + 6.94~t0
7
M

RSD= 302

Minimum Point ASC Y = 110,709 -‘

Value ASC at Minimum = 1l.4~

Instantaneous Maintenance Man—hours Years

1)111(Y)

= — .82 + 6.43Y i•1~
• RSD = 15

for each 1000 miles more than 5600 add 
~~~~~~~ 

hours

less 5600 - 
subtract i.i

COMMENTS: Since all vehicles had close to the average annua l mileage ,
mileage effects for man—hours were not statistically significant .
Therefore additiona l maintenance man—hours is from 1/2 ton cargo truck.
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DATA SOURCE TRADOC 77

LIN X6 1518 NOMENCLATURE Trk Ulty 4x2

Acquisition Cost $4253 Average Annusi Mileage 5600

Fits bassd on years 1—7

Instantaneous Maintenance Cost Years

IMC(Y) —82.96 + l05.88Y

RSD 322

Minimum Point ASC Y = 9.0

Value ASC at Minimum = $866

Instantaneous Maintenance Cost Miles

IMC(M) No Fit

RSD a

Minimum Point ASC Y =

Valui ASC at Minimum =

Instantaneous Maintenance Man—hours Years

IHH(Y) a

a —4.34 + 7.5Y

RSD — 1g

for sach 1000 miles more than 5600 add 0.0 hours

less 5600 subtract 0.0

COPOIENTS :
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DATA SOURCE TRADOC 78

LIN X61655 NOMENCLATURE Trk Ulty 1/2 1

Acquisition Cost $5401 Average Annua l Mileage 4700

Fits based on years 1—7

Instantaneous Maintenance Cost Years

IMC(Y) 130.73 * 69.16Y

RSD 383 1!

Minimum Point ASC V = 12.5

Value ASC at Minimum $995

Instantaneous Maintenance Cost Miles

IMC(M) = .0738 + 7.98 10
7
m

RSD = 405 r
Minimum Point ASC ~ = 116 ,346 F:

Value ASC at Minimum = 16.7~

Instantaneous Maintenance Man—hours Years

IMH ( Y)  =

= 8.04 + 5.96Y

RSD = 26

for each 1000 miles more than 4700 add 2.2 hours

less 4700 subtract 2.2

COPflf ENTS :
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DATA SOURCE TRADOC 77

LIN X6l655 NOMENCLATURE Trk Ulty 1/2 1 4x4

Acquisition Cost $~~O1 Average Annua l Mi leage 5300

Fits based on yea~s 1 - 7

Instantaneous Maintenance Cost Years

IMC (Y )  = — 170.55 + 141 28Y 
- •

RSD = 429

Minimum Point ASC V = 8.7

Value ASC at Minimum $1065

Instantaneous Maintenance Cost Miles

IMc(M) No Fi t

RSD =

Minimum Point ASC V =

Value ASC at Minimum

L 

Instantaneoui Maintenance Man—hours Years :1
• tMI~(Y) =

—5.02 + 10.22?

RSD a

for each 1000 miles more than __________ add 0.0 hours

less 
__________ 

subtract 0.0

COMMENTS :
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